Analog IC Design Homework 3 (1/7)

® i p : Fully-differential wide-swing folded-cascode OPAMP
1. ¥ i * 0.18um, 16nm st # ¢ { L& %] 42 SPICE Model
2. Please size the wide-swing constant-g,, bias circuit with cascode current mirror shown in
P.2, the summation of all branch currents should not exceed 40pA with Veff,_, > 0.15V
and Veffg > 0.15V
3. Please use the bias circuit designed in 2. and size the Fully-differential wide-swing
folded-cascode OPAMP (including common-mode feedback circuit) shown in P.3, the
specifications are as follows:
¢ Unity-gain frequency = 200 MHz ¢ Load capacitance (C|) = 2 pF
¢ Phase margin (¢,,): 60" <¢,,< 66" ¢ Power supply Vpp = 1.8V
¢ DC gain = 66 dB (16nm ADFP VDD < 1.05V)
¢ Slew rate (rise and fall) = 50 V/us (Use testbench_SR.sp, 10%-90% output level)
4. Please use HSPICE to verify the bias circuit and Fully-differential wide-swing folded-
cascode OPAMP
5. Compare and analyze the results between calculation and HSPICE verification
® Note
Common-mode feedback circuit should be included and designed in your homework
Follow design rules of maximum and minimum transistor width and length
Please set the input common mode voltage in a reasonable range
External voltage or current sources are not allowed except supply voltage and input
common mode voltage (the reference voltage in the common-mode feedback circuit
should be generated with voltage divider using resistors)
¢ Please use Cadence Virtuoso to build schematic and export the .cir file for verification
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Analog IC Design Homework 3 (2/7)

® Schematic for wide-swing constant-gm bias circuit
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Analog IC Design Homework 3 (3/7)
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Schematic for fully-differential wide-swing folded-cascode OPAMP

10 VBZ
n ——— ——
3 g 1l
| |
M5 M6
¢ m —oO +
M1 M2 Vv
out
v wen R wu Lo TN [ TRRTR. —p—o™
Vv - nli =~ g
n . l l
- 1 L B c
o = ~ V| ovrs | V1] FCL
anL M7 1 M10 n13 Circuit T
| |
Vay O—l : Mb | |ﬂ
®
L_GND
3 Analog IC Design, 2025

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



Analog IC Design Homework 3 (4/7)

® Your report should include
¢ Design flow
¢ HSPICE verification results

» Nodal voltage and bias current of each transistor. It must be attached to show
whether all transistors operate in the appropriate region. (It is recommended to
draw the nodal voltages and branch currents directly on the circuit diagram)

> Please show the Bode plot (including gain and phase) and waveform (slew rate)
instead of using “.measure” command in HSPICE to show phase margin or unity
gain frequency in the SPICE output text file (because it is easy to be modified).

¢ Virtuoso schematic
> Include the .cir file and circuit diagram
¢ Calculate the input common mode range and output swing
¢ Area
» MOSFET : Please calculate the sum of the W*L for all the MOS used in the

designed circuit
Avos = Z\Nu x L

» Capacitor : Just show the capacitance (if used)
» Resistor : Just show the resistance (if used)

¢ Total current and power consumption

¢ Table of specifications (shown in P.7)

® Note: The total current, power consumption and area should include bias circuits and
common-mode feedback circuit.
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Analog IC Design Homework 3 (5/7)

® Grading

*
*
*

¢

*

*

Customization of the .sp file will not be accepted
Please name all nodes and transistors as shown in P.2 and P.3

Under the condition of achieving all specifications, the smaller power consumption
and the smaller area will receive higher scores

Please clearly describe the design flow in your report and attach your calculation
process, nodal voltage and branch current of each transistor, and V, results (Please
invert color of the attached figure. Please refer to the example in P.6)

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

Report principle: Streamlined and complete content (Do not copy.)
» Report with advanced discussion and analysis will receive higher scores

® Precautions

*

* ¢ o

* o

Deadline: 11/02/2025(Sun.) 23:59:59 pm (7 & X (T 24 <)

i@ 16nmet { A RARRT poRE O AR ETELF A

Personal work, please upload Word and HSPICE code (.sp file and .cir file) to moodle
Please compress files into a .zip file and name it as HW# _student ID,

ex: HW2_N26000000 Font size: 12pt (Chinese: #1: %2, 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 3 (6/7)

® Example of attached figure (The value of this example is not the result of this homework)
® The transistor number should be consistent with the figure given in the assignment

description for easy reading.
¢ Nodal voltage and branch current
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& V,; results (Available from the .lis file)

element O:iml Oim2 Q:im3 0:im4 0:m5 0:mé

model O:p 18.1 O:p 18.1 O:p 18.1 O:p 18.1 O:n 18.1 O:n 18.1

| region Ssaturatli Saturatli Saturatli Saturatli Saturatl saturatl |
id -4.3473u -4.,4180u -4.3473u -4.4180n 4.3261u 4.4180u
ibs= 1.598e-21 1.624e-21 13.9675a 14.6963a -25.1226a -24.142:8az
ikd 13.59643a 14.6530a 42 ,2872a 66.1813a -57.2083a -60.1641az
vgs -T725.0080m -725.0080m -768.2064m -755.7124m &87.6708m €99.1630m
wds —-239.4341m -251.9280m -485.573%m -882.7238Bm 7T96.5523m 392.406Tm
wvbs a. a. 239.4341m 251.9280m -278.4397m -266.9415m
wvth -507.7206m —-507.6434m -569.5798m -569.7012m 449.3836m 453.1541m
wvdsat -250.2910m -250.3473m -240.5100m -230.58%1m 240.1984m 245.8523m

Lvod —217.2874m —217,.3646m —198.6265m -186.0112m 2J3B.2872m 2J46.0149m]|
beta 171.85%0u 171.8716u 165.3343u 165.7395un 141.8257u  141.8204u
gam eff 557.0845m 557.0845m 555.4377m 555.3567m 514.7198m 514.4379%m
am 27.8375u 28.657% 32.4418u 34,7200 31.19%6u 30.47951u
gds 5.995%u 5.33%1u 1.9385u 1.2406u 602.9213n 1.2151u
gl 8.3425u 8.576lu 8.5525u 9.0131u 4.3764u 4.3676u
edtot 602.26%94a2 595.6395a2 516.0501a 481.19132 419.0156a 455.6877a
cgtot 637.8033a2 6£36.1121a £26.283%z2 624.9136a 961.9485a 965.96%98a
cstot 1.0546fF 1.0547f 995.430%9za 991.7572a 1.2412fF 1.2437fF
cbhtot 1.1033f 1.1010f 974.661%z2 B938.1662a2 £891.8941a B823.0924a2
cgs 472.5061a 472.3538a 473.5485a 471.8366a T8T7.5885a 7T580.18l12a
egd 128.0263a2 125.9915z2 116.8744a2 116.3205a B9.1763a 92.5485a
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Analog IC Design Homework 3 (7/7)

® Please attach the following table to the last page of your HW3 report to help TA scoring

Name= student ID

DC gain (dB)

Unit-gain bandwidth (MHz)

Phase margin

Slew rate

Rising (V/us)

Falling (V/us)

Input common-mode range

Output swing

Area (um?)

Total current (uA)
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Appendix 1: Design Flow of Bias Circuit

® Stepl: Setl, = %Kn' (%)8 Verrs” (1 + AVps) & Vg = Find (%)8 i+

® Step 2: Set R = Use Vogg = Voger + oyt * R = Find (V—:)7 1 ' I (D
, W ghl oLas
o Tour = 2K () Ve = Ty II
1 (W . w
® Step 3: Set Vesrs & Vesfe > 4 Iy = %Kl’l (T)Sveffsa = Find (T)Sa
: B N »—|E
- .
1 M5 | | Mb6 1] MbT1

® Step 4: Setlgqg9 & (V—Lv) to design Vg,
11

VB3 — Vise > Vesrs gfﬂb? Mbg
E
Viss > VB3 — Vig

® Step 5: Design other transistor size =» Saturation & V¢

® Step 6: Design start-up circuit
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Appendix 2: Design Flow of OPAMP (1/3)
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Appendix 2: Design Flow of OPAMP (2/3)

® Step 2: Use wy =2, I, = ~gm, Verr, & Find M1, M2 size

L

® Step 3: Find M5, M6, M8, M9 size
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Appendix 2: Design Flow of OPAMP (3/3)

® Step 4: Find M7, M10 size

¢ X @ Vout cOmmon mode voltage
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® Step 5: # & Phase margin

¢ M5, M6 is PMOS =» Smaller gm
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Appendix 3: Slew Rate Consideration (1/4)

® Circuit operation in steady state
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Appendix 3: Slew Rate Consideration (2/4)

® Circuit operation during slewing
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Appendix 3: Slew Rate Consideration (3/4)

® linput = loutput 2 7 "i'ﬁaal = differential - CMFB# § 7 Z # 11
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Appendix 3: Slew Rate Consideration (4/4)

® 1t igpkslewingFl E aiE T RIL F{ e wmiddh o VERE Y 537 5 (AT R

® 1+ Appendix 3: Slew Rate Consideration (2/4) =% #
& iEMsT id B oA colouput b 2 5 Isum =P Vgss b 2
¢ Mssourcez T B+ ¢ = (Vss= Ve2+ Vgss)
> ¥ o g @ Maig ~ linear region » @ 5 d Mait A Ms ™ m e0 R G- 0] 3T lsum

® i Appendix 3: Slew Rate Consideration (3/4) 2. Iipput > loutput i 2
¢ CMFBR E *c = Veontrol ¥ > ¥ 5y ¢ i€ M712 2 M1oi& » linear region
& HRl7, Iz & F 7 st 2w a4F doutput common mode voltage
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