
Final Report		     			 AICD 2011
----o0o----

        VLST Team 
         From University of Science


                   Member Information:
   Le Binh Son
   Nguyen Phuoc Loc
   Huynh Quoc Thinh
   Le Tan Vinh


Advisor: Vo Thanh Tri
				 

Team leader information:
  Le Binh Son.
 							 Phone: 0932097784
Email: hikarushinpo@gmail.com
			 


     Ho Chi Minh City, June 23th, 2011
Content
ACKNOWLEDGMENTS	4
I.   Boost Converter Introduction	5
II.   The designed oscillator	6
1.	Specifications					6
2.	Schematic						7
3.	Function of each block				8
4.	Oscillator operation 				9
III.	Front End Design	11
1.	Individual Blocks in Schematic Level		11
	a. 	Current sources			11
	b.	Bias circuit				12
	c.	Comparator				14
	d.	Flip-Flop SR and Switches	15 
2.	Simulation Results				18
IV.	Back End Design	22
1.	Area and Shape					22
2.	DRC & LVS checking results			24
V.	Conclusion	26


List of Figure
Fig.1. Schematic of a boost converter	5
Fig.2. Design specifications	6
Fig.3. The schematic of the oscillator	7
Fig.4. Direction of currents when the capacitor is charged 	9
Fig.5 Direction of currents when capacitor is discharged	10
Fig.6. Current sources I1 and I2	11
Fig.7.The schematic of the bias circuit	12
Fig.8. Schematic of the modified bias circuit	13
Fig.9. Schematic of a comparator	14
Fig.10. Schematic of the Flip Flop RS	15
Table 1.Truth table of the flip flop	16
Fig.11. Output signals of flip flop when reset signal go high	16
Fig.12. The testbench circuit	18
Fig.13. The ramp and square signals of the oscillator with 3V supply	18
Fig.14. The average power consumption of the oscillator with 3V supply	19
Fig.15. The output voltage of the boost converter with 3V supply	19
Fig.16. The ramp and square signals of the oscillator with 3.6V supply	20
Fig.17. The average power consumption of the oscillator with 3.6V supply	20
Fig.18. The output voltage of the boost converter with 3.6V supply	21
Fig.19. The layout of the oscillator.	22
Fig.20. The layout of the oscillator without the capacitor	22
Fig.21. The layout of the whole chip	23
Fig.22. DRC settings	24
Fig.23. DRC cheching results	24
Fig.24. LVS settings	25
Fig.25. LVS checking results	25
Table 2. Summary results of the oscillator	26
[bookmark: _Toc264987130][bookmark: _Toc264987387]


[bookmark: ACKNOWLEDGMENTS]ACKNOWLEDGMENTS

As third year students, we have learned some basic steps of analog integrated circuit design, and this contest is really a chance for us to use our knowledge and experience the real work of an analog designer. Although we have met a lot of obstacles during the first period of project carrying, but with the effort of every member, and the helps from our advisor, finally, we have finished the project with the best we can. 
Throughout the contest we have gained a lot of knowledge and new experience about analog design. We have also made new friends, who have the same passion like us, approached new industrial software, learned from specialists in analog IC design and strengthened our teamwork skills.  
We want to send our thank you to ICDREC, the sponsors Synopsys and Analog Device for creating a contest which is very interesting and meaningful for students like us and the development of analog integrated circuit design industry of Viet Nam. We also want to say thank you to specialists of ICDREC, Synopsys and our advisor for teaching and helping us during the contest. We hope this contest will be more and more successful after each year.

VLST TEAM





[bookmark: I]I.   Boost Converter Introduction
	Boost converter, also known as step-up converter, is a switching voltage regulator circuit with the output DC voltage greater than its input DC voltage. Fig.1 shows the basic schematic of boost converter.
[image: ]	Boost converter has higher power efficiency and doesn’t produce much heat like the linear voltage regulator. However, it is also noisier than the linear voltage regulator and the biggest drawback of the boost converter is that it requires an inductor to store energy, thus, make it very hard to implement on a chip.  






[bookmark: Fig_1]Fig. 1 Schematic of a boost converter
	The operation of a boost converter is based on the storage and release the energy of the inductor. First of all, the inductor is charged by the current through Vin and Q1 to ground, then it releases the energy through D1 and R0. The output voltage is a function of the duty cycle of square wave applied to the gate of Q1. R1 and R2 are used to feedback the output voltage to the error amplifier, and the error amplifier will amplify the error voltage between the feedback voltage and the reference voltage. Then, the output of the error amplifier will be compared with the ramp signal to control the duty cycle of Q1, so the real output voltage of the boost convert will oscillate around its ideal output voltage.
[bookmark: II]II.   The Designed Oscillator
[bookmark: II_1]1.   Specifications.

	+Produce ramp and square signals.
+The supply voltage varies from 3V to 3.6V.
	+Vh is 1.7V.
	+Vl is 0.6V.
	+Vr is 1.15V.
	+The frequency of the oscillator is 0.8MHz.
[image: ]	











[bookmark: Fig_2]     Fig. 2 Design specifications.




[bookmark: II_2_Schematic]2.   Schematic.
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[bookmark: Fig_3]Fig. 3 The Schematic of the oscillator.
The schematic of the designed oscillator is shown in Fig. 3.








[bookmark: II_3_Function]3.   Function of each block.
I1 and I2 are two current sources, which will, in turn, charge and discharge the capacitor to create the ramp signal.
	The bias circuit will bias the two current sources and the comparators.
	The “Comparator osc” will create the square signal by comparing the ramp signal with Vr. The other comparators will compare Vh and Vl with the ramp signal to control the flip flop SR.
	The flip flop SR will turn on/off SW1, SW2 and SW3
	SW1, SW2 will be turned on or off to charged/discharged the capacitor. SW3 is used to keep the current source circuit I1 in saturation state when the capacitor is discharged by I2, this will reduce the transient time of I1 between two state: charging and discharging of the capacitor, but this increases the power dissipation.
	












[bookmark: II_4_Oscillator]4.   Oscillator operation
To start the oscillator, the reset signal will go high for a short time, Q will be high and Qbar will be low. 
[image: ]When Q is high, SW3 will be turned off. When Qbar is low, SW2 will be turned off and SW1 will be turned on. The capacitor will be charged through SW1 by a constant current provided by I1 as depicted in Fig. 4.








[bookmark: Fig_4]Fig. 4 Direction of currents when the capacitor is charged.
	The capacitor will be charged until Vramp > Vh. The time need to charge the capacitor from Vl to Vh is:                               
 		(1)
When Vramp > Vh: S = ‘0’ and R = ‘1’, Q will be low and Qbar will be high. SW1 will be turned off, SW3 and SW2 will be turned on. The capacitor will be discharged through SW2 by a constant current drawn by I2. The figure below illustrates the currents when the capacitor is discharged.











[bookmark: Fig_5]Fig. 5 Direction of currents when capacitor is discharged.
	
The capacitor will be discharged until Vramp < Vl. The time need to discharge the capacitor from Vh to Vl is:                        
              	        (2)
	When Vramp < Vl: S = ‘1’ and R = ‘0’, Q will be low and Qbar will be high. SW2 will be turned on, SW3 and SW1 will be turned off. The capacitor will start to charge again. The oscillator will continue to operate as above.
	By comparing the ramp voltage with Vr we will have the square signal.
 The frequency of the ramp and square signals:
 	(3)







[bookmark: III]III.   Front End Design
[bookmark: III_1]1.	Individual Blocks in Schematic Level	
[bookmark: III_1_a]a. 	Current sources









		                        a)                                                       b)
[bookmark: Fig_6]Fig. 6 a) Current source I1 b) Current source I2

Because the linear of the ramp signal is depend on the currents of the two current soures,  so we use two cascode current sources to have stable currents. 
For P1 and P2 to operate in the saturation region:
Vramp < Vbias_P2 + |VTHP2|	 		 (4)
Vbias_P1 + |VTHP1| - Vbias_P2 - |VTHP2| > 0	 (5)
Vbias_P1 - |VTHP1| > 0			 (6)
For N1 and N2 to operate in the saturation region:
Vramp > Vbias_N1 - VTHN1 			 (7)
Vbias_N1 - VTHN1 - Vbias_N2 + VTHN2 > 0	 (8)
Vbias_N2 - VTHN2 > 0 			 (9)
Neglecting body effect, |VTHP2|  |VTHP1| VTHN1  VTHN2 0.27 V
0.53V < Vramp < 2.5 V, so the design is satisfied the specification 0.6 V < Vram < 1.7 V.
If we choose a large capacitor, then we need a large area and current to charge or discharge the capacitor. But if we choose a smaller capacitor, the ramp signal will become more sensitive with noise. So a tradeoff between precision and power dissipate much be made. In our design, we choose the value of the capacitor is 2pF, thus from (1) with equation of the current of MOSFET in saturation state and simulation, we will get:
 I1: (W/L)P1 = (W/L)P2 = 0.69/0.6	       
 I2: (W/L)P1 = (W/L)P2 = 2.6/0.4
[bookmark: III_1_b]b. 	Bias circuit
	Because the bias voltage will greatly affect the stability of the current sources, we need a fixed bias voltage which nearly doesn’t depend on the supply voltage. The self bias circuit in the baseline design is a good solution. The idea of the self bias circuit is that if Iout is a copy of Iref and Iref is a replica of Iout, then Iout will be independent of the supply voltage. 









[bookmark: Fig_7]Fig. 7: The schematic of the bias circuit
From the circuit above, neglecting channel length modulation, we can derive:
 	(10)
 	                                         (11)
Iout is not dependent on the supply voltage, so we can have a fix bias voltage.
But in practice, Iout will depend on the supply voltage. For example, if we take into account channel length modulation, we will have Iout as a function of the supply voltage even if Iout still equals to Iref.
		(12)











[bookmark: Fig_8]Fig. 8: The schematic of the modified bias circuit
In our design, we need four different bias voltages to bias the two current sources, so we have inserted two more PMOS, which have the same length and width to M5 (W/L = 2/0.6), to form another cascade structure, and this will also make the bias circuit less sensitive with the supply voltage.               
	An additional effect is that Iout is also changed after the bias circuit has been modified. This can be explained by the equation (12). As we inserted M8 in series with M6 and M4, the voltage at the drain of M6 will be increased because of the override voltage of M8, so VSD6 will decrease and result in the decrease of Iout.
[bookmark: III_1_c]c. 	Comparator










[bookmark: Fig_9]Fig. 9: Schematic of a comparator
Please note that, we use the comparator which has been built in the baseline design. We will analyze it to show how it work then choose the suitable bias voltage.
The different between two input signals will be amplified by the differential circuit first, and then it will be amplified by the common source stage. The two inverters play as a buffer circuit, which will swing the output signal to VDD or GND and decrease the delay time when connect the output to large capacitive loads.  
	The gain of the circuit depends on the size of transistors and the bias current through M1 and M6. If we increase the bias current, the gain of the comparator will become higher, so the sensitive of the comparator will increase and lead to the decrease of the respond time, but this will also lead to higher power dissipation. Thus, a tradeoff between the performance and the power dissipation of the comparator must be made.
We reuse the bias voltage from the bias circuit because we don’t want to build another bias circuit, which is not really necessary and will increase the power dissipation. Comparing the performance to the power dissipation, we decide to bias the comparator with 2.6V, instead of 2.16 V. 
[bookmark: III_1_d][image: ]d. 	Flip –Flop SR and Switches.
				
							







[bookmark: Fig_10]Fig. 10 The schematic of the flip-flop




[image: C:\Users\hikari\Pictures\New Picture (3).bmp]	






[bookmark: Table_1]Table 1: Truth table of the flip-flop:
This is just a simple SR flip flop in every basic electronics book. The only thing we have added in is a reset transistor, which is used to set the logic of the flip flop before the oscillator can operate. 
When the oscillator start to operate, the reset signal will go high for a short time, this will turn the reset transistor on, so Q will be high and Qbar will be low. The capacitor will begin to charge and the oscillator will start to operate.  
We use an NMOS as a reset transistor in this case, so that even if the reset signal is still high when Reset =1, Q will still be pulled down to ground.
[image: ]








[bookmark: Fig_11]Fig. 11 Output signals of flip flop when reset signal go high
In our design, we use three switches to control the charge/discharge state of the capacitor. Our first oscillator schematic only had SW1 and SW2. The SW1 allow the capacitor to be charged by the current source I1, and SW2 allow the capacitor to be discharge by the current source I2. But after simulation, we realized that the transient time of I1 between the cut off state and the saturation state is quite large, thus, the ramp signal doesn’t look so good. Then, we have found a solution to this problem that is use another switch (SW3) to keep I1 in saturation state while the capacitor is discharged. Even though, this method reduce the transient time but it will lead to higher power dissipation, that’s why we didn’t implement this method on I2. 

















[bookmark: III_2]2.   Simulation Results.
[image: ]








[bookmark: Fig_12]Fig. 12 The testbench circuit
	We will simulate the circuit with 3V and 3.6V supply voltage. At t = 0s, Iload = 0 A, and it will go linear to 150 mA (Iload Max) in 2ms.

[image: ]Simulating with VDD = 3V








[bookmark: Fig_13]Fig. 13 The ramp and square signals of the oscillator with 3V supply

[image: ]






[bookmark: Fig_14]Fig.14 The average power consumption of the oscillator with 3V supply
[image: ]










[bookmark: Fig_15]Fig. 15 The output voltage of the boost converter with 3V supply.
Results:
The time need to charge the capacitor to Vh:  	
The time need to discharge the capacitor to Vl : 	
The period of the oscillator: 
The frequency of the oscillator:
The average power consumption of the oscillator: 610 W.

Simulating with VDD = 3.6V

[image: ]









[bookmark: Fig_16]       Fig. 16 The ramp and square signals of the oscillator with 3.6V supply
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[bookmark: Fig_17]      Fig. 17 The average power consumption of the oscillator with 3.6V supply.
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[bookmark: Fig_18]Fig. 18 The output voltage of the boost converter with 3.6V supply.

Results:
The time need to charge the capacitor to Vh:  	
The time need to discharge the capacitor to Vl: 	
The period of the oscillator: 
The frequency of the oscillator:
The power consumption of the oscillator: 954 W.

The frequency of the oscillator is nearly unchange with the variation of the supply voltage. 




[bookmark: IV][image: ]IV.   Back End design
[bookmark: IV_1]1.   Area and Shape
	We have modified the layout one more time after the second phase report.





[bookmark: Fig_19]Fig. 19 The layout of the oscillator.
Area of the oscillator = 133.695 * 28.65 = 3830.362 m2
[image: ]












[bookmark: Fig_20]Fig. 20 The layout of the oscillator without the capacitor.

[image: C:\Users\hikari\Pictures\New Picture (3).bmp]















[bookmark: Fig_21]Fig. 21 The layout of the whole chip.
Area of the whole chip = 185.485 * 145.95 = 27072.4632 m2








[bookmark: IV_2]2.   DRC and LVS checking results
[image: ]
















[bookmark: Fig_22]Fig. 22 DRC settings.

[image: C:\Users\hikari\Pictures\New Picture (1).bmp]










[bookmark: Fig_23]Fig. 23 DRC checking results.
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[bookmark: Fig_24]Fig. 24 LVS settings.
[image: C:\Users\hikari\Pictures\New Picture.bmp]












[bookmark: Fig_25]Fig. 25 LVS checking results.

[bookmark: V]V.  Conclusion
The results summary of our oscillator is showed in table 2 
	Parameters

	Result

	
	VDD = 3V
	VDD = 3.6V

	
	1.26 s
	1.25 s

	
	0.1s
	0.1s

	Frequency
	~735 Khz
	~740 Khz

	Power consumption
	610 W
	954 W

	Layout area of oscillator
	3830.362 m2

	Layout area of the whole chip
	27072.4632 m2



[bookmark: Table_2]         Table 2: Summary results of the oscillator.

We have designed an oscillator that has stable outputs signals, less varies with the changes of the supply voltage and doesn’t consume too much power. 
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THE END
	VLST Team
	26



image3.png
Carrent'source 11

—®05C
Bset
|
1la
et 4 Q0ar

- SR Flip Flop

Bias circuit

....«:a:*‘"— bias_ P2
- bias_ N1

bias N2 -«





image4.png

image11.png
Reset transistor





image12.png
S R Q Qbar
0 0 No change
0 1 0 1
1 0 1 0
1 1 0 0





image13.png
[119/reset

{(lin).

F

Evdn if reset.signal still
high when R= VDD

[/115/ramp)

-Q-still-be pulled down-

119/ he

[n19/Qbar}

Isec (lin)

400 &




image14.png
VinangaV00GY-260
h . Gingra ot - 1504)
O ﬂ C | p -

s

L e

" ol
Aarip

FM_control D

i e

i I
) "

ose ST it

H





image15.png
in1s/oscl[3 i)
[nsjramp] 537m





image16.png




image17.png
500 m L.gm 2 |

[out] hspl| i)

12

it

IS

¢ (lin) 0





image18.png
24050

2

(n1s/osc1 3.6
[nsjramp]535m

¢ (lin)

e

239.5u

8 B220.15ul 240250

240.5u





image19.png




image20.png
500u

in

Lgm

n

Vet nspll

(i)

ec (lin)

5004

om





image21.png
0.0,

85

25

Hen o

75

100 1

25,0

Ls0.0

L7s.0

Lioo.0





image22.png
=M

om





image23.png
7
o

7

\\
N\ / -

7

 —

%

| . %

B
Fr]
= I

i3 moditias—L

S iE I
L





image24.png
DRC Setup and Run

wain | Control Variables | Custom Options |

Run Dir: [./Onchip_VLST_2 hercules.drc B

Layout

Format: & OpenAccess ¢ Stream

Library: [aicd2011

Cell: [onchip_vLST 2

View: [layout -

[@ i

- Job Parameters

Tool: [Hercules -] ¥ Launch Debugger I~ View Output

Runset: p2011/F Tk hercules/drc/generic_dicev 5| &

i

= optons: |
st | -
Hep | pefauts | oK Apply Cancel





image25.png
Hercules VU 5 se B-2008,09,5P3,24001 2010/08/27.

Fie View Tools Help

doRaa@EQFE [ |

Execution | Load Resutts | [Fun ]|

LAYOUT ESULTS

Hercules (R) Hierarchical Design Verification, 1432 R P524010 20100827
Hercules Run: Time= 0:00:07 User=3.19 System=0.88

DRC Frror Statis

orary name: aicd201 1
Structure name: Onchi

DRC Errors:

No coNnecTion|




image26.png
Object/Layer Panel

Wan | Netising opons | Conlvataies | Custm oions

Run D [./Onchip_VLST_2 hercules.Ivs B
Layout Schematic/Config —
- Format: & OpenAccess ¢ Stream € Netlist | | Format: & OpenAccess ¢ Netlist
: I™ Extract Only ubrary: [aicizor ]
Ubrary: [scazont F || cell [ormpvistz e
cell: [onchip_visT_2 J View: [schematic &)

View: [layout

- Job Parameters

Tool: [Hercules ~] ¥ Launch Debugger ™ View Output

m Runset: [jusr/AICD20L1/FTK hercules/lvs/generic_vs.ev
o options: |

Host: B

la
|ﬂﬂ

Help Defaults [+] ok | Apply Cancel





image27.png
2 Hercules VU
Fle View Tools Help

|40 |RAE R |
Exction | Load Resits | [ | ws ermars |

TOP BLOCK CO RE RESULTS

Hercules (R) Hierarchical Design Verification, 1A
Hercules Run: Time= 0:00:27 User=3.98 System=5.27

Netlist Extraction Statis

Library name: aicd201 1
Structure name: Onehip_VLST_2

Extraction Errors:

Layout vs. Statistics
Schematic: Asr/AICD201 1/Foundation_Labi {Onchip_VLST_2 hercues vsfOnchip_VLST_2.3ch_out

Comparison completed vith 2 successful equivalencies
Comparison completed vith O faied equivalencies





image1.png
Vout= 12V
fout = 150mA
0SC and Ramp PWM Logic —a1 |
Generator Controller COT
R1
R
gL
Bandgap R2
Reference





image2.png
55U & 65U 7 7.5u El

[VIT hspic] 625m i
v hspid 113
[/vh hspid 171
[osc] hsp| 3
{jramp]  551m
25
2
L5
1o
051

.c (lin) 550 U 6.50 |EEE7 E7.220B7.24u, h Bsssufls.500





