Analog IC Design Homework 6 (1/5)

® 1. Use CIC 0.18um 1.8V Virtual Process SPICE Model (cic018.1)

® 2. Please express the steady-state output (V) of the multiplying-by-four gain amplifiers
(as shown in Fig. 1 & Fig. 2 ) interms of A, Cy, C,, C3, Cy4, Vi, Vo and Voo, and explain
the difference between Fig. 1 & Fig. 2.
® 3. Please design the multiplying-by-four gain amplifiers (as shown in Fig. 1 & Fig. 2)
including two-stage OPAMP, bias circuit and non-overlapped clock circuit (as shown in Fig.
3). Then verify your design with Spectre/HSPICE. Assume C,=C,=C,=C,=1pF and C, =1.5pF
¢ (a) With V; =V,+0.025V and V =0V

o (b) With V, =V,+0.025V and V,.=0.05V

® Note
¢ OPAMP and bias circuit should be included in your homework
> You can use the OPAMP and bias circuit designed in homework 2
¢ Follow design rules of maximum and minimum transistor width and length
¢ Please set the common mode voltage V,, in a reasonable voltage
¢ Please use Cadence Virtuoso to build schematic and export the .cir file for verification
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Analog IC Design Homework 6 (2/5)
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Fig. 1 Fig. 2 Fig. 3
® You should define the clock characteristics as the one shown in Fig. 3.

lvour — (4viy — 3Veu) |
4(viy — Vem)

X 100% @ t = 1.275us

Accuracy = [1 —

® The waveform of V,,, ®1 and P2

o

1n
Time (tia) (TIME)
120

1u
Tims (lin) (TTME)
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Analog IC Design Homework 6 (3/5)

® Your report should include
¢ Design flow (Example: The analysis of switches and non-overlap clock circuit)
& Spectre/HSPICE verification results
> The waveform of V,, @1 and ®2
> Accuracy of the multiplying-by-four gain amplifiers (Please refer to testbench)
¢ Virtuoso schematic (Include the .cir file and circuit diagram)
¢ Total current and power consumption
¢ Area
> MOSFET: Please calculate the sum of the W*L for all the MOS used in the
designed circuit Ao = > W xL,
» Resistor / Capacitor: Just show the resistance / capacitance (if used)
¢ Table of specifications

Fig. 1 Fig. 2

Area (um?)

Power consumption (W)

w/o offset w/ offset w/o offset w/ offset

Accuracy (%)

® Note: The total current, power consumption and area should include bias circuits, two-
stage OPAMP and non-overlapped clock circuit
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Analog IC Design Homework 6 (4/5)

® Grading

¢ Customization of the .sp file will not be accepted

¢ Please use Virtuoso Spectre or HSPICE to verify your circuit

¢ Under the condition of all circuits are composed of MOS, R and C and meet the test
conditions, the higher accuracy, area, and power consumption will receive higher
scores

¢ Please clearly describe the design flow in your report and attach your calculation
process (Do not copy)

¢ Report with simulation results only but no design flow will get deducted points
according to the situation

¢ Report with advanced discussion and analysis will receive higher scores

® Precautions

*

¢
¢

*
*

Deadline: 12/18/2022 (Sun.) 23:59:59 pm (7% £ % 1T 248 *)

Personal work, please upload Word and Virtuoso library (or HSPICE code) to moodle
Please compress files into a .zip file and name it as HW# _student ID,
ex: HW6_E24064088 Font size: 12pt (Chinese: 13 %, English: Times New Roman)

Refer to the IEEE submission regulations, set the picture resolution to 300dpi.
Upload file size is recommended to be 2MB
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Analog IC Design Homework 6 (5/5)

® Virtuoso library folder

¢ Add virtuoso folder into the zip file (make sure your file can be opened by virtuoso)

= ' =
Add this folder and Word
HW6 | into the zip file
libManagerlog cds.lib libManagerlog.cds
Ick

Library Manager: Directory ...1107/jcjhang/1.AIC/HW6/CIC_PDK (on cfcd)
File Edit View Design Manager Help cadence
— Show Categories — Show Files
Library Cell View
N 4 n |7 n - |7 -
T Hwe - v - |’ -
Cic_Lib View | Lock | Size. A
adex| Sk

analoglib schematic 29k
basic

cdsDefTechLib

® Use the resistor and capacitor in analogLib library (res, cap)
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Appendix 1: Circuits for Reference (1/4)

® Bias circuit & Two-stage OPAMP

VDD VDD
O=a LR
Mll _|E MlZ
M3 | My . .
il > ] V'Q,_|I<J Py L>I |_\(/,'”+
— - — M- M8—| " _?_ Cc Vv
YT A
Ms | |
I ] M %E‘ = IET 1
%* B vl
— GND = — GND
® Non-overlapped clock circuit 2n inverters, n=1,2,-

Pd1

v
2n inverters, n:1,2,---q)2
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Appendix 1: Circuits for Reference (2/4)

Design Flow of Bias Circuit

® Step 1: K T lye i Ve = Find (%)6

1., , (W
* Iye=2Kn (T)e (Vgss — VO (1 + AVps)

1., , (W
> Tvg = 7K' () Verrs™ (1 + AVps)
L

_ W M5 M6
® Step2: %k TR = Find (T)s
R
® Vetrs = Vesrs +1Ims * R % ]
1., (W
¢ Iys =-Kn (f)sveffsa(l + AVps) = GND

® Iys = Ive
® Step 3: &K FM1~M4z_size > ¢ H I3k it hbefo® » Veff 2 & 4]

® Step 4: 3k 3*-start up circuit
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Appendix 1: Circuits for Reference (3/4)

Design Flow of Two Stage OPAMP
® Stepl: A% Co(— %Cim g | 20C > * % 3 < FHaG f# > ~ ] § L IRICT 7 PPE)

® Step2:d ¢, =90"— tan"'("/ )_ 63° D fp, = j:éi ~2f ¥ f, = zg;’;c > 7 g,

® Step 3: 4 Slewrate(SR) < = I“ & —12_ Cee X SRR A 2538 K48 1,1,

Cc+CL
® Step 4: ¢4 DC Gain Ay = 11T0,,)8mys oy, [To,) 2 112 = lig D KAF Vogg

® Step5: KIWI/L (¢ *itigitvy & 0 ,/TT” |\/|9 Mo M en(WIL) i)
‘ Mgﬁ.’g MlomS|Ze7 ) ’ngslc_;_’/ J (W/L)9~10 iad :_l. 51{4 HN _;_; J = Veff13

1

- e
Kn'(T) e V6Sme= Vo)

& Mcesize™ d K FFRE 2 2058 Re =

® Note: N3V, iR 2 ¢ AT M8 ~ M10 ~ M125IM13 54k 17 e &
& 4ok Vo, ik & ELiE X 0 EM134%iTLinear region ¢ ¢ ¥ FGaing= /] (ro%])
& FATIEAE SR TR FHE MV g5 f]-&? IRAS VAR elf=9/3
& % Vg, rbias % > ¥ 12 M91, M10 1 & M13 |
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Appendix 1: Circuits for Reference (4/4)

Information of Slew Rate

® £%6-29,6-30742 184 % Slewrate(SR) = & D 3 % 2 ¥ wipk it

=K

¢ FliEx 26 5= siidealOPY £C,

SN I
¢ %1%+ D Slewrate(SR) =~ I E ol

¢ %7 %9~ P Slewrate(SR) < i o _h2

Cc + Cy,

® Rising & Falling z_ Slew rate(SR)

M12

o a 1,
ToVar 1REM7 - W8 Vi

® | -0
n2 _]3 ‘ L 1] I
MO 10 M13I lis=HC,
F > | - ‘
& 10 )| \4
— GND

Positive slewing
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Appendix 2: Virtuoso Spectre Simulator (1/12)

® Terminal: cd CIC_PDK (0.18um virtual process virtuoso library )
® Terminal: source sourceMe
® Terminal: virtuoso & -> Create a Library for CIC018 Model

Tools Options Help cadence
______________ JECT TO LICENSE TERMS.
=3 1\ (=1 edium-r-#*-*-12-*" using font "fixed" B
Impart -
Export ¥
Refresh... —
- 11 |
Make Read Cnly... M R:
Bookmarks ¥ ﬂJ
_l*i o New Library (on cfc5)
Library Technology File
Mame Itest lib I . Compile an ASCIl technology file Reference Existing Technology Libraries (on cfc5)

Directory (non-library directories) MNew Library test_lib

-  Aftach to an existing technology library
logs_ppl1107 N

Technology Libraries Reference Technology Libraries

— Do notneed process information

skill
testlib
Design Manager

Down

Mo design manager setup found

31107/ jcjhang/1 AIC/HWE/CIC_PDK
Compression enabled E
— P m Cancel | Help

mg—mr_el Defaults . Apply | Help
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Appendix 2: Virtuoso Spectre Simulator (2/12)

® Create Cell View

Dpen...

Import k

File
Library {test lib
Cell inv| ﬂ

-
Wiew schematic
Type |schematic n
Application Next License (on cfc5)
Open with Schematics L n .

) i RCk out license Virtuoso_Schematic_Editor_L

— Always use thisapplication for this type of file ~* Would you likeNq check out the next license Virtuoso_Schematic_Editor_XL instead?

Library path file . Skip | Always A | Never

/pp1107/jcjhang/1.AIC/HWG/CIC_PDK/cds . 1ib

[
i
s
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Appendix 2: Virtuoso Spectre Simulator (4/12)

® Editing Interface - Add an Instance (Press ‘i’ to add instance)
® Press ‘q’ to edit object properties - Please show properties in your schematic circuit

Virtuoso ® Schematic Editing: inv_1 inv schematic

Tools Design Window Edit Add Check Sheet Oplions Migrate Help

A
| Library CIC_Lib
Cell N_18
N =
e || View symbol
:_: ::? Mames 1
iE s

¥ Add Wire Stubs at;
— allterminals ® registered terminals only A

Array Rows 1 Columns 1
47 Rotate Ak sideways = Upside Down
Length({i) 180.0n M
Width(M) [250h M
Multiple 1
Model Narrie N_18

m Cancel Defaults Help

Cmd: Sel:0 3

Library CIC Lib

| cen P_1E
M WView symbol
Mames

& Add Wire Stubs at:

— all terminals

® registered terminals only

Array Rows 1 Columns 1
4% Rotate || Ak Sideways | = Upside Down

Lengthil) 180.0n W

Width(h) 600N M

IMultiple 1

IModel Name P_18

i Cancel

nga_uhs_ _ﬂ__elp §

Prof. Tai-Haur Kuo, EE, NCKU, Tainan City, Taiwan

12

Analog IC Design, 2020



Appendix 2: Virtuoso Spectre Simulator (5/12)

® Piece-Wise Linear Voltage Source (Cell name: vpwl)
¢ In analogLib

_ Browse
Froperty

Library Mame
Cell Mame
View Mame

Instance Mame

v 12

-[ | Y [;j:l l I I E — +

Reset Instance Labels Display

Value
analoglib
vpwl
symbol

v

off
pff
off

off

CDF Parameter
Frequency name for 1/period
Mumber of pairs of points
Time 1
Voltage 1
Time 2
Voltage 2
Time 3
Vaoltage 3
Time 4
Voltage 4
Time 5
Voltage 5
Time &

Voltage &

Period of the PWL

Value

owv

Tu s

o

1.5u s

2.5u s

3u s

owv

4u s

owv

4u s
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Appendix 2: Virtuoso Spectre Simulator (6/12)

® GIobaI VDD and GND (Cell name: VDD and GND)

Add Instance (on cfc5)

Library

n . Browse

analoglib

Cell

» Add Wire Stubs at:

w allterminals & registered terminalsonly | .. |
—

Array Rows 1 Columns 1

A7 Rotate Ab sideways = Upside Down

e R

Defaults Help

Library
Cell wdd B

View symbol View
Mames | Mames
& add Wire Stubs at:

Array

A2 Rotate

Add Instance (on cfc5)

. Browse

« allterminals #& registered terminals only | .. |
S

analoglib

B
|

Rows 1 Columns 1

Ak Sideways = Upside Down

D o

Defaults Help

® SetVDDas 1.8V > Add a 1.8-V DC voltage source (CeII name: VDC)

Add Instance (on cfc5)

Library analoglib

Cell vdc n
View symbol n

V_VDD

Mames

& Add Wire Stubs at:

Array Rows 1 Columns 1

A7 Raotate Ak Sideways

« allterminals #& registered terminals only

= Upside Down

Maoise file name

Mumber of noiseffreq pairs 0

DC voltage 1.8V
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Appendix 2: Virtuoso Spectre Simulator (7/12)

® Wiring and Wire Name setting
¢ ‘W for wiring
¢ ‘I’ (lower case of L) for adding wire name
> Attach the auxiliary line to the wire to be named

Mames [in Dut| ]

_ Expand bus names
__ Attach to multiple wires

__ Create netalias labels

__ Display bundles vertically

® Simulation by Spectre
¢ Check and save it before using spectre for simulation - Launch - ADE XL

mEile Edit View Create Che: "
ADE XL

(2 oo I'—DE = G 0 ® Create New View: _| Open Existing Vi
T o 1 o 2 Create Mew View: _ 2n EXISHNE View
: ‘ M - IU = W 3 e F' (=]
‘ - = || Basic ADE GXL ¥ I;._E'E'Si': m . Lancel )| Help

— [ ADE Explarer 7IE X -

ADE Assembler

Layout XL

Layout GXL

Prof. Tai-Haur Kuo, EE, NCKU, Tainan City, Taiwan 15 Analog IC Design, 2020



Appendix 2: Virtuoso Spectre Simulator (8/12)

® Create a test for the schematic

SNIE

= o

LB s |

§F © Create new ADE (G)XL view (on c + X
File
Library test lib n
Cell irw l
View adexl
Type adex| =]
Application
Dpen with ADEXL =)
— Always use thisapplication for this type of file
Library path file
fpp1107£jcjhangs/1 AIC/HWE/CIC PDK/cds.lib
Openin & pewtab _ currenttab . new window
I m Cancel | Help |

® Select CIC018 Model

Analyses Variables Outputs £

Simulatar ...

High-Perfarmance Simulation ... |1
—~- _—
al E 3

4 lemperature ..

Stimuli ...

Simulation Files ...

EMVYIR Analysis ...
MATLAB/Simulink 4

ol

fj Environment ...

[ © oso' Analog D

Launch File Tools Options Rurg EAD |IT]E

- = # | Library N
IEE=RTE - [1ENEW
5 : | Cell Name
|| No Parasitics/| 4 Corner.. LMJ \ 3]

Data View .| Document... - iy g

— % Test [fl Setup State...

i& Glob| [« Datasheet... |

!—& Paral g Spec Summary... ADE,

:1.'5& Corn e :

e i i =ta i
Documd "% Spec Comparison... iy View Name
>@ Setup States E: Open Mode
__| Reliability Analyses Ta,

__| ChecksiAsserts

Tests

Choose Design -- ADE L (1) (on) cfe5)

{test iib B
schematic u

2 edit o read

spectrel: Model Library Setup (on|cfc5)

# #CIC018.

r /2

7l

BB

+
[Section
e/
2
| BTT
®
—_
Cancel Apply Help

Cance|
—_—

+*

. Help

e Y
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Appendix 2: Virtuoso Spectre Simulator (9/12)

® Choose Analysis: .tran (Transient) = Plot Result = Click the wire to be plotted
® Press ‘ESC’ after selection

ADE XL Test Editor - test lib:inv:1 (on cfc5)

ADE XL Test Editor - test_lib:inv:1 (on cfc5)

Mgimulatiun Results Tools Help

Variables Qutputs Simulation Results Tools Help cadence

T B &=
__Analyses T (] @ﬂ }i Fas Setup..

! §§ o Choosing Analyses -- ADE L (2) {on cfc5) t X

] L] Import . Arguments
Analysis wr dc s ac . Noise t: Export noderate
ot AT W SENS  dcmatch . acmatch K

Value

Send To Expression Editor »

s sth Wt PE ws f Wi Sp

To Be Saved ]
— envip . pss  pac — pstb —
: To Be Plotted 00 e

— pnoise . p=f  psp w qpss =T Select On Design -I
] i f [ [ Save &” — =

L qpat e qpnmse bt qp}t - E||:|S|:| - échﬂ T

— hb — hbac — hbsth — hbnaise |- il P
3 Refiove From
i o hbsp ' hbxf | outputs

Transient Analysis

Choose

Stop Time 20u "

test wire.

I |

Accuracy Defaults(errpreset)

__ Transient Noise

Dynamic Parameter

Enabled Options..,
L

m | Cancel | Defaults | Apply | Help
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Appendix 2: Virtuoso Spectre Simulator (10/12)

® Run Simulation =2 Waveform Window

ADE XL Test Editor - test lib:inv:1 (on cfc5)

Session  Setup Analyses Variables Outputs Simulation Results Tools Help céden(e
@l S8 @
s —
i (= —
Design Variables AT ERE L215) i;g L
LAENTEDtS i e |
Lame | palug | 0 20u moderate @ £
hl::-u
G I
) 2
[ il .
Outputs -Z,él’-\‘)q Q
lame/signal/Expr | Value | Plot | Save |  save Options v
1in i | ally

® Delete > Delete output variable

ADE XL Test Editor - test lib:inv:1 (on cfc5)

Simulation Results Tools Help CEdEITEE

Session  Setup  Analyses Variables P

U @l s 7 |l g b sep
Import Arguments ol

Mame WValue
| Export noderate

Send To Expression Editor

O N

To Be Plotted »

Save All ..

I :- U111 _ -

_Trans

(2]

=65
To Be Saved ]

®

@
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Appendix 2: Virtuoso Spectre Simulator (11/12)

® \Way 1 to get power: iprobe in analogLib

SIS I e e e L

850
Library
Cell
Wiew

Mames

Array

ﬂl Rotate

Add Instance (on cfc5)

analoglib

. Browse [

iprobe

symbol

[

& Add Wire Stubs at:

— allterminals & registered terminals only | .
e

Rows 1

Ab Sideways
1113

Calurmns 1

ﬁ Upside Down

> o

Defaults

Help

. |™8 /IPRBO/PLUS
¢ | /IPRBO/MINUS

ADE XL Test Editor - test lib:inv:1 (on cfc5)

ngmulatinn Results Tools Help

{injj }5 5 Setup..

Arguments

Value

noderate

Send To Expression Editor »

To Be Saved ¥
Select On Design
Add To
|- B m| ~
Remove From
| Cutputs o

Fii Dec 2 15:46:07 2022 1

s
5 1
J
L
:
: I
[
L
i
I
L

0.0 sS.0 10.0

nme (us)

15.0
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Appendix 2: Virtuoso Spectre Simulator (12/12)

® Way 2 to get power: DC analysis and Annotate

Analysis ~ tran & dc « ac ~ Noise
w xf — Sens « dcmatch _ acmatch
« stb w pz o If w sp
« envlp o pss « pac — pstb
— pnoise _ pxf — psp « qpss
~ qpac ~ gpnoise _ qpxf « qpsp
« hb « hbac . hbstb  hbnoise

« hbsp . hbxf

DC Analysis

Save DC Operating Point %)
Hysteresis Sweep

Sweep Variable

__ Temperature
— Design Variable
— Component Parameter

. Model Parameter

Enabled Options.., |

m Cancel Defaults Apply . Help

XL Test Editor - test lib:inv:1 (on cfc5)

Dutputs  Simulation Tools Help

cadence

Flot Cutputs
Direct Plot

Print
Annotate

Vector

Circuit Conditions ...

Reliability Data

DC Mode Voltages
DC Operating Points

DC Currents
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