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LTI R B T o 2B 0 R B O 4R 1 B W5 B {L PyAether B,
TR I B ERE R, A BEERKL (WL) | &R 5
%930 E R (4 MI_W=16u, Re=10k) ; FELE A FEREXBHELHUE, H

o LB E (4 WE[0.13u, 20u], LE[0.13u, 10u]) .

BUAA S BUE 5% B
i 4 0.13 pm — 20 pm
G K 0.13 um — 10 pm
Multiplier(m) 1,2,...20(% #)
G Seg (Segment) 1,2,... 200 %)
WL L& 0.13 pm — 20 um
R EEHET PyActher 1y “BEBHWEEX R WERD, % 7 PyAether £t

A, R A RN EER R, L E S ITH B4 Gate, Source % fTiE
W Net 94 %,

Brtsp iy “(E 5 EHEA” PyAether WA, ¥ LU MDE (42413 & 7 A 2H
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w4, 55T LE T A U T 94 run_opt_command.sh, B[ 7] 523 4 A AE )
IC 8y R~F 18 X+ (eg:extractedfVal 0.txt) , %t LA A MDEL2 8% &, #4T ALPS
HE (B4 PVT) , REGESR, HEFZRNITFHERE i DC Gain, 2445

W% UGB, MGLHE PM, 3 #HE GM fn T # i L OPA (LA R,
run_opt_command.sh @4 T .
pythone optimization.py
--ae_lib input 2025 Competition_lib_name
--ae_cell input OPA
--ae_view input_schematic
--mde_cell input OPA_LoopGain
--mde_view input spe_statel corner
--output_path ./results casel
--output_file output.log

--param_file extractcdfVal 0.txt
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--ae lib: WINGE, W EEN Lib 45, EREH/
-—-ae_cell: WINEE, FMMHENEE Cell &2F, BLEKEL/
--ae_view: MINGER, FHRAHNENEEN View 4 7, LEKEH/
—-mde_cell: N1 B, it 1LH %8 TestBench, B 4% F4f/

--mde view: #N1Z &, £ #H TestBench At v ) MDE L2, B\ & % & 4F

e PN EERNMBER, TUBTE U REERNERE.
—-output_path: 7 E % FW# HBEZ /
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TEBHNFRGETFEMNNRERT S8 /
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SESEHREBENEEE, GG ENEER/EHERM A AIEFRE,

E Design Manager - AetherADV - Log: /home/empyrean/.empyrean/logs/aether.20250630105343.179917.log - ox
File Edit Tools Window Options Help @ Empyrean
BB BB
®e= CE=IES
Library Cell View
2025_Competiion_013umPDK_casel OPA_LoopGain
2025 Competition 013umPDK_ casel OPA View Lock Size
2025_Competition_013umPDK_case2 OPAL ‘ A schematic 38K
2025_Competition_013umPDK_case3 OPA LoopGain - tatel 6k
2025_Competition_013umPDK_case4 OPA_var Spe_state
2025_Competition_013umPDK_case5
2025_Competition_013umPDK_test
2025_Competition_013umPDK_var
2025_Competition_013umPDK_var PyAether
AVDD >
MIl }»\'I\I \'l!l«{ M2
M1 |—\n \n-| Mis
M20
)| It
7l s
voure — - “ —> VOUTN
M‘Jj'— —'t\l!ﬂ
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CANA POSTGRADUATE K MNOYATION GOMPETTION EDA ELTE Y ALLENGE

3) BAGERRRE

BEERG ANV G HERSE, MESERECER & Gain WAL Phase,

AL AR UGB fAdLtaE PM, ¥ @8 E GM, T1E# i 1 OPA %,

Mixed-signal De i 2 [2025_Competition_013umPDK/OPA_LoopGain/schematic]
Session Setup Analysis Simulation Outputs Results Corner Tools Window Options Help
ERRIOLNTBESEW®
Model Setup Results 3 )
Model File Nominal Resultsl (design) 3  Results2 (design) 3 = Results3 (design) X Filter Name =
1V Bctre/spe_demoscs || £ |tt Detail - cava. YIS
Parameter Nominal

spe_demo.scs ft

Analysis temperature 27
Enable Type Argument
v 2] Op
v AC Start=1 Stop=1G Logarithmic Points Per .
Parameters Output Nominal Spec Weight Pass/Fail Min Max

Name  Nominal J j j j j j j j
1 Loop_Gain L'

LP_Phase WY
Phase_Margin  60.3714 60.3714 60.3714
Gain_Margin -7.97665 -7.97665 -7.97665
Gain_db 931181 93.1181 931181
UGB 30.3335M 30.3335M  30.3335M
I_VDD 119877m 119877m 119877m
Temperature(Celsius) |_BlAS 10u 10u 10u
Nominal |_OPA 118877m 118877m 118877m
1|27
Results Outputs
Msg> Simulator: State: spe_statel

PLRCTRZ i R n PVT &Ryt E, W TEAT:



PETHT RN AR

/ EDA & S HkhX 5%
E Corner Setup X
B« &) &
Corners v Nominal V| Cl i
Model Files
spe_demo.scs V| ffss
Add...
Parameters h
vdd v 162198

Add... i
Temperature -40 125 i
Number Of Corners 1 8 i

B

B

Help Apply oK Cancel )

4) REXT PyAether o “Y B EHSEL LKL E” WERD

i 1 PyAether #0020 0y W 3 ], SBATZMIA, UL E S0 &£ RSB B E, B
ChEBETNEEYE., B, RANRTHEMNLTE, BORE LT

File Edit Tools Syntax Buffers Window Help

ezls ‘ B A @ @ H %o @l
14

15 def set para(lib, cell, view):

16 cv_source = pyScript.dbOpencV({lib, cell, view)

17 if(cv_source is No i

18 print(“open fz ")

19 ns = pyscript.emyCdbaNs()

20 libs = pyScript.emyScalarName(ns, str(lib))

2 Cells = pyScript.emyScalarName(ns,str(cell))

22 ViewS = pyScript.emyScalarName(ns, str(view)+" var")

23 cv_source.saveAs(1ibs,Cells,Views)

24

25

26 cv = pyScript.dbopencv(lib, cell, view+" var")

27 insts = cv.instances

28 for inst in insts:

29 , inst.name, "===== )

38 R" or inst.name[0] == -

31 pyScript.cdfSetParam(inst, 'segme , inst.name + ')
32 elif (inst.name[0] == "C" or inst.name[0] == ):

33 pyScript.cdfSetParam(inst, 'm', inst.name +

34 elif (str(inst.name).startswith("PIN") or str(inst.name).startswith(“pin“)):
35 print{“= his is a pin *, inst.name, “=====")

36 else:

37 m_return = pyScript.cdfsetParam(inst, , inst.name + )
38 1 return = pyScript.cdfSetParam(inst, '1', inst.name +

39 fw_return = pyScript.cdfSetParam(inst, "fw', inst.name + * fu')
40 print("n T , m_return)

41 print("1 *, 1 return)

2 print(* m , fw_return)

43

44 print("===== finish *, inst.name, "===== )

45 # dbcheckandsave ()

46 pyscript.dbCheckandSaveDesign(cv)

7 # cv.save()
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EATA PyAether AR &, DL A H & Ff R 19 schematic_var ®, 5 &

- PETL AR

W&, £EMT instance 4 FAn_cdf ZH MK, P4 NM1_m %,

X pply To | Only Curreet
¥ mibite v Parameter ¥ Property
Asribute

* instance.

Peset instance Labals Displa

Colmame  [nmosa

View Name | symbol

origin x (2125 v [-Loszs

------

¥ Desplay Parameter Name.

Bottom  Both / Akermate |

schematic

025_Competition_013umPDK _case2/OPA_Tog(schematic_var: Editing
bscd Tools Window Opboms Ada Hep

Ans

Farameter
ResetAl W Display Parameter Name

comectGates  ® Nowe  Top | Boftom | Both  Akemate

schematic var

5) 4T PyAether ¥ “f |l MDE 34T E” WIRRE

N

X

i 1 PyAether 71 € fn fy MDE, EATIZMIA, TS A AMREHE, FHR

FfpEER, BABRDT,

Simulation run started.

Results4 Sim Done! #maxJob:
Results4 Sim Done! #maxJob:
Results4 Sim Done! #maxJob:
Results4 Sim Done! #maxJob:
Results4 Sim Done! #maxJob:
Results4 Sim Done! #maxJob:

Results4 Sim Done! #maxJob:
Results4 Sim Done! #maxJob:
Results4 Sim Done! #maxJob:
Results4 Sim Done! #maxJob:
Results4 Sim Done! #maxJob:
Results4 Sim Done! #maxJob:
——————— Result is valid---------

——————— Result name-------------
Results4

1 #total sim: 13 #finished sim:
1 #total sim: 13 #finished sim:
1 #total sim: 13 #finished sim:
1 #total sim: 13 #finished sim:
1 #total sim: 13 #finished sim:
1 #total sim: 13 #finished sim:
Results4 Sim Done! #maxJob: 1 #total sim: 13 #finished sim:
1 #total sim: 13 #finished sim:
1 #total sim: 13 #finished sim:
1 #total sim: 13 #finished sim: 10
1 #total sim: 13 #finished sim: 11
1 #total sim: 13 #finished sim: 12
1 #total sim: 13 #finished sim: 13

LN EWwWN =
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6) RHEHET PyAether By “W R EBR THERARE B HE" WERD

run_sim_get_best_size.py (/home/works/cxuser27) - GVIM1
File Edit Tools Syntax Buffers Window Help
(> &l 1 b ] =}
&8s 9@ B A% € 6883 %09
13
14 def get para(lib, cell, view):
15
16 cv_source = pyScript.dbOpenCV(lib, cell, view)
17 if{cv_source is None):
18 print("open failed")
19
20 ns = pyScript.emyCdbaNS()
21 1ib5 = pyScript.emyScalarName(ns, str(lib))
22 CellS = pyScript.emyScalarName(ns,str(cell))
23 ViewS = pyScript.emyScalarName(ns, str(view)+" best")
24 cv_source.saveAs(libs,Cells,Views)
25
26
27 cv = pyScript.dbOpenCV(lib, cell, view+" best")
28
29 with open('get pa result.csv', 'r') as result_file:
30 lines = result file.readlines()
31 for line in lines:
32 print{"proc ", line)
33 fields = line.strip().replace(' "', ).split(',")
34 print("fields[e]: ", fields[0])
35 if (fields[8] == "parameter"):
36 print("fields[1]: ", fields[1])
37 if (fields[1] == "vdd"):
38 continue
39 index = fields[1].rfind(" ")
40 inst name = fields[1][:index]
41 param_name = fields[1][(index+1):]
42 print("inst name: ", inst name)
43 print("param name: ", param name)
44 instId = pyScript.dbFindInst(cv=cv,name=inst name)
45 print("inst ID: ", instId)
46 pyscript.cdfSetParam(instId, param name, fields[2])
a7 # cv.save()
48 pyscript.dbCheckAndSaveDesign(cv)

T 4 B8 T R T B9 schematic var best B #% A,

12
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AetherADV - [2025 013u
Verify SDL iWave Alpscd Tools Window Options Ada Help
® 4 4 L= 3

x: [-2.81250

mPDK_var_PyAether/OPKgchematic_var_best: Bdit

Edit Instance Properties (1/1)

¥ | Apply To | Only Current - | Instance
¥ Attribute ¥ Parameter ¥ Property
Attribute

Reset instance Labels Display
Library Name |013um_POK
Cell Name

n_mos_a

View Name |symbol

—\nsunce Name |NM482
TS ™ i

schematic var schematic var best

7) ®RBEET PyAether B “ERBUHWEZEXR” WERD

it %6 7 89 PyAether X AD, 7T DAL HUM B 1 P BB F WX R, T UL E ST H 1
#5 Gate, Source % firiE# 8 Net (94 F o HO R T .

¥. get_ PMO_G_S.py = (/home/PyAether_Packages/Desktop/2025_EDA_Competition) - GVIM5

File Edit TJools Syntax Buffers Window Help

2328 s 4 B A &€ 0853 29 8

2 ~
3 #open design B
4 cv = ae.dbOpenCV(1lib="2025 Competition 813umPDK var PyAether", cell="OPA", view="schematic")

5

6 I PM@ = ae.dbFindInst(cv, "PMG619")

7 L
8 for p in I PMO.instTerms: 1
9 if p.name=="G":

10 print("PM619 Gate connect is", p.net.name)

11 ellf p name =="5":

12 int("PM619 Source connect is" ,p.net.name) L
13 el.Lf p name =="D":

14 print("PM619 Drain connect is" ,p.net.name)

15 else:

16 print("PM619 Body connect is", p.net.name)

EATR R T

13



PM619 Drain connect is Drainl
PM619 Gate connect is Gatel
PM619 Source connect is VDD
PM619 Body connect is VDD

ae load("get_PMO_G_S.py"

Python Console | Tcl Console

Cmd&&Msg

schematic RN EER R

8) R BtH T PyAether WWEKW ., 3REAFERNRTXHER B R BT
RRA
w4, BRFAEER AU T A4 run_opt_command.sh, Bl A0 R+ T,

WMHMGE, BEGTELER,
run_opt_command.sh B4 :

pythone optimization.py
--ae_lib input 2025 Competition lib_name
--ae_cell input OPA
--ae_view input_schematic
--mde_cell input OPA LoopGain
--mde_view input spe_statel corner

--output_path ./results casel

14
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--output_file output.log

--param_file extractcdfVal 0.txt

-+

Za)

=

s

EWAANFAMAR L, CERER; KEedo VT EERNAHER,

E

HUEATEXBR: Ao NERGENERNNRERT5%, RAEENE
? TEhEWNAEELAET, #ATHA,

+
H
P
Y

MAWAE, £X:

HIZATWT A

1104 ./run opt command case3.sh

1105 history
empyrean@jingying@l 2025 EDA Competition]$ ./run opt command.sh

DU B B AR S T P

[empyrean@jingying@l 2025 EDA Competition]$ cd results_case3
[empyrean@jingying@l results_case3]$ 1s

emy2netlist.log Results3 detail.csv  Results3 transpose.csv
output case3.log Results3 summary.csv Results3 yield.csv

Results4 detail.csv  Results4 transpose.csv
Results4 summary.csv Results4 yield.csv

TUEEFTENREER:

B A Results4_summary.csv (/home/PyAether_Packages/Desktop/2025_EDA_Comp

File Edit Tools Syntax Buffers Window Help
82R8s e B AN e« BB %O 8

1"0utput","Min“,"Max","Mean“,“Median","std Dev","Spec","Pass/Fail","Pass Ratio"

"Phase Margin","6.32965e+01","8.14564e+01","7.52414e+01","7.54681e+01","4.96858" ,"" ,"" ""
"Gain Margin","-8.25132","-4.68257e-01","-3.61279","-2.63454","2.40459","", """, ""
"Gain_db“,"6.66458e+01","9.1732e+01","7.84067e+01”,"8.96458e+01","1.9033e+01","","","|
"UGB","2.748e+07","1.36736e+08","7.6418e+07","8.34911e+07", "3.05084e+07","" ,"",""

"I OPA","1.44366e-04","4.59344e-04","2.85842e-04","2.7091e-04","9.32624e-05","","" """

H~ =
TUNEFFEMIENERER.

15
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z T TN T T A MTE YR Y T 2 o
Results4 detail.csv (/home/PyAether_Packages/Desktop/2025_EDA Compelltlnn resu\ts _case3) - GVIM3

File Edit Tools Syntax Buffers Window Help

[~ QLU = =) c‘“h’ﬁ&ﬂﬁ"lﬂ'\fi@

Frarameter”,
"spe_demo.sc

77,%C1 8","C1 9*,°C1_16°,"C1 11*

vdd®,"1.8",
"(emperal

1.98","1.98"
25e+082", " -4e+01" ,"1.25e+082", " -4e+01", "1.25e+02" , " -4e+01","1.25e+02"

€1 1*,"C1_2*,"C1_3","C1 4","C1 5*,"C1_6","C1 7*,"C1 8","C1 9","C1 1@","C1 11"

"LP Phase

“Phase Marg1
", "7.41177e#
"Gain_Margin®,k"-2.550877","
-5.41757","-5.78275"
"Gain_db","8.25821e+01"
2161e+01","8.06458e-
"UGB" , "B.79772e+07"
7%,%7.72054e+07"%, "4
"I _OPA","2.7891e-84
496e-04","3.38829 -

"7, "6.32965e+081", "8.14564e+01", "6.32965e+01", "6.81177e+01" , "7 .39604e+01", "7 .54681e+01","8.06272e+01","7.82741e+01","7.3091e+01", "7 .49137e+01
14564e+01","8.12019e+01"
,"-8.25132","-4.68257e-061","-4.68257e-01","-2.86157","-2.63454","-4.71907","-8.25132","-7.62014" ,"-1.24886","-2.64139","-1.27962" " -2.89642" "

"6.086458e+61","9.1732e+01","9.09471e+081","8.09052e+01","7.95258e+01", "6.98823e+61", "6.34838e+01", "6.06458e+01","9.1732e+01", "8.68652e+81","9.6 |
122e+81","6.85036e+01"
"2.748e+07","1.36736e+08","1.36736e+08","1.12218e+08", "8.34911e+07", "6.78368e+07","2.748e+07", "3.75415e+07", "9.2506e+07", "8.72317e+07", "9.6969%e+0
34008e+07"
+"1.44366e-04","4.59344e-04","1.91186e-04","3.52628e-04","2.28413e-084","4.09192e-04", "2.65485e-64", "4.59344e-04","1.44366e-04","2.80388e-04" ,"1.77
1le-04","3.86799¢-04"

9) RET LA XK.
# 4% T PDK &,
62 WHEREX

BEHERAZFMREEN R RM N EFR T HE (W M1I_W=36u,

M1 L=2u,R W=2u)

MR T TR AFE B B E (@ PyAether ¥ R+ K AR 2| 8 % o, B

schmetic_var best )

N ABIEME (B4E PVT THHGERE) , FEGEAREFTRSTZ
TT/FF/SS, @ik (125°C) | {Kif (-40°C) , Andpfie E+10%% fu iyt H 4 R
HMACEATRH, BATH AR AL R
+. LT
1. L # &% VNC, Centos6.9 it 4 28 3147
2.’

& 4F 89 Pycharm,

\\

et
W

FH FERAE A Python F A2 LA,

4. 4% T E. ALPS i E £, Aether & #% it F &, PyAether £ 4 % 4%,

16
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I\ TR
A BRER

%5 T EEE A Python/C+H+4£ 45 1218 & , 45 & PyAether 3 0 R SEIL AL,
1. R#&: Python/C++ B&, @a4S5HNEEEE K, HFERE., RUEE;

2. SUHE: WM, HEREE, KSR (2R BEEAR., FHEE%) . AR
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2025 China Postgraduate IC Innovation
Competition * EDA Elite Challenge Contest

1. Problem
Automated Sizing Optimization for Analog Circuit Design --- Co-creating the Future of EDA
with PyAether Ecosystem
2. Company
Beijing Empyrean Technology Co., Ltd.
3. Required Knowledge Background

3.1 No specific major background is required. The core task is to perform automated
sizing optimization for analog circuits using the PyAether full-custom design platform
ecosystem.

3.2 Suitable for students in computer science, microelectronics, electronic information
engineering, automation, mathematics, etc.

3.3 Participants should have programming experience with Python, C, C++, or Matlab.

4. Problem Background

4.1 Background of Analog Circuit Design Automation

In modern IC (integrated circuit) design, analog circuit design is complex and time-
consuming, especially for high-performance circuits like fully differential high-gain
amplifiers. Traditional manual methods rely on engineers’ experience, and manual

optimization becomes increasingly difficult, as they are inefficient and error-prone. Thus,
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implementing automated sizing optimization for analog circuits is crucial for improving
design efficiency and shortening development cycles.

4.2 Introduction of Fully Differential High-Gain Amplifier

Fully differential operational amplifiers (op-amps) serve as fundamental building blocks in
analog circuits, finding extensive applications in data converters, filters, sensors, and signal
processing systems. Their distinguishing features include high gain and excellent common-
mode rejection ratio (CMRR). Key performance specifications encompass: Open-loop gain
( DC Gain, typically >100dB) for noise and distortion suppression; Phase margin (PM,
typically >50°) and gain margin (GM, typically <-6dB) to ensure system stability; Power
supply rejection ratio (PSRR @DC>112dB and >80dB at IMHz) for power noise immunity;
Power consumption specifications (e.g., operating current Isum <ImA, standby current
Istandby current<100nA) to meet low-power requirements. These amplifiers typically
achieve their high gain and stability through multistage amplification and Miller
compensation techniques. However, manual optimization requires careful consideration of
multiple parameters, including: Transistor width-to-length ratios (W/L) . Bias current settings .
Compensation network design. This optimization process often necessitates numerous
iterative attempts to achieve optimal performance.

4.3 Significance and Necessity of Automated Sizing Optimization

Automated sizing optimization is a critical step in analog circuit design that can significantly
enhance design efficiency, reduce development cycles, and improve circuit performance

consistency. Through automated sizing algorithms, designers can explore numerous design
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variables within a short time to identify optimal device sizing parameter combinations that

meet specifications including gain, bandwidth, and power supply rejection ratio (PSRR).

® [Efficiency Improvement: Replaces manual trial-and-error with algorithms to shorten
design cycles;

® Performance Optimization: Employs multi-objective optimization (gain, bandwidth,
stability, area, etc.) to achieve globally optimal solutions;

® PVT Compatibility: Automatic parameter adjustment for varying PVT (Process,
Voltage, Temperature) conditions to ensure design reliability.

5. Competition Problem Description

This competition aims to evaluate automated sizing algorithms for analog circuits. Given

circuit schematics, simulation setups, and PyAether source code for automation support,

participants must develop optimization algorithms to achieve automated sizing of analog

circuits while meeting constraints and optimizing op-amp performance—thereby advancing

analog design automation to improve efficiency and reduce development cycles.

5.1 Task: Multi-Objective Sizing Optimization Algorithm Development Under

Constraints

Task: Identify device structures to reduce design variables; develop optimization algorithms

to determine optimal sizing that meets constraints and optimization targets.

® Optimization Variables: Transistor width, length (W, L), resistor/capacitor values, etc.

® Constraints: Phase margin (PM), gain margin (GM), and DC Open Loop gain, and
operating current (I OPA) must meet specified thresholds across PVT conditions. For

details, see Chapter 8 of the scoring section.
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® Optimization Targets: unity-gain bandwidth (UGB), operating current (I OPA), and
preliminary area estimation. The unity-gain bandwidth should be as large as possible,
and the area should be as small as possible. For details, see Chapter 8 of the scoring
section.

® Device Identification and Variable Number Optimization: Based on PyAether,
identify matched structures in analog ICs (e.g., current mirrors, input pairs, active loads,
matched resistors, capacitor arrays, dummy devices, etc.) to significantly reduce the
number of optimization variables and improve optimization efficiency. The post-
identification variable count must be obtained.

® Algorithm Types: Include but are not limited to differential evolution, genetic
algorithms, simulated annealing, Bayesian optimization, Al (machine learning
algorithms), etc. Novel self-developed algorithms are also welcomed, to finally get
determined transistor dimensions, resistor and capacitor values, etc.

® Output Results: The count of reduced variables, and the optimal parameter sizes
obtained through optimization algorithms. Based on provided PyAether script examples,
output the optimized circuit schematic along with PVT simulation results under the
optimal dimensions.

5.2 Test Cases to be Provided to Participating Teams: Including Circuit Design and

Simulation Settings, etc.
Test cases will be provided to participating teams, including multiple fully differential

operational amplifieranalog circuit diagrams. These circuit diagrams include core operational

amplifiers (such as folded operational amplifiers, telescopic operational amplifiers, as well
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as common-mode feedback circuits), circuit simulation test diagrams (Test Bench) including
excitations, and analog mixed simulation environment (MDE). MDE mainly includes single
simulation design environment and output results (gain and phase, unity gain bandwidth,
phase margin, gain margin, operating current, etc.), as well as settings of PVT conditions to

be met, etc.
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5.3 Relevant Scripts for Auxiliary Automation Process Based on PyAether to be

Provided to Participating Teams
® Relevant scripts for the auxiliary automation process based on PyAether will
be provided to participating teams, mainly including:
® Parameterized PyAether scripts for converting device sizes in schematic into
variables to be optimized
® PyAether scripts for reading the connection relationships of devices
® PyAecther scripts for simulation engine invocation that can call MDE for PVT

simulation and output performance targets
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® Back-annotation PyAether scripts for finally writing the optimal size into the
circuit diagram
® More integrated PyAether scripts for automatic optimization interface where
participants only need to input the size file to call the simulation and obtain the
simulation results of this size
Through “the parameterized PyAether scripts for converting device sizes into
variables”, devices in the original circuit can be converted into variables, such as transistor
width-to-length ratio (W/L), resistance value, capacitance value, etc. (e.g., M1 _W=I16u,
Rc=10k). Therefore, the optimization algorithm needs to set the variation range of variables,

such as defining variable ranges (e.g., WE[0.13u, 20u], LE[0.13u, 10u]).

Device Type Parameter Value Range
finger width value 0.13 pm — 20 um
Transistor L value 0.13 pm — 10 um
Multiplier(m) 1,2,....20(integer)
Resistor Segment 1,2,....20(integer)
Capacitor L value 0.13 pm — 20 um

The source code for “reading device connection relationships” based on PyAether is
provided. Through the given PyAether code, the connection relationships of devices in the
circuit diagram can be read, and the names of Nets connected to the device’s Gate, Source,

etc. can be automatically printed.
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Through the given PyAether scripts for “simulation engine invocation”, MDE (analog
mixed simulation environment) L2 can be called, and through the ALPS simulator integrated
in the platform, for example, the given single simulation configuration can be invoked:
circuit simulation is performed through the given simulation test circuit of the fully
differential operational amplifier to obtain parameters such as open-loop DC gain, unity gain
bandwidth, phase margin, gain margin, and operating current. The simulation configuration
with given PVT conditions can also be invoked: circuit simulation under PVT conditions
(including changes in MOS transistors, resistors, capacitors, etc. with process, power supply
voltage, ambient temperature, etc.) is performed to obtain parameters such as open-loop DC
gain, unity gain bandwidth, phase margin, gain margin, and operating current.

The source code for “back-annotating optimal circuit size data to the circuit
diagram” based on PyAether is provided. By running this script with PyAether and the csv
file of optimal size parameters obtained by the optimization algorithm in this assessment, the
circuit diagram with optimal size can be automatically generated.

Finally, participants can call the following command run_opt command.sh to input
the size value file of the analog IC (e.g., extractcdfVal 0.txt), then MDEL?2 settings can be
invoked to perform ALPS simulation (including PVT) and obtain simulation results, i.e.,
simulation results such as open-loop DC gain (DC Gain), unity gain bandwidth (UGB), phase
margin (PM), gain margin (GM), and operating current (I_OPA) of the operational amplifier.

The command for run_opt command.sh is as follows:

pythone optimization.py

--ae_lib input 2025 Competition_lib_name
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--ae_cell input OPA

--ae_view input_schematic

--mde_cell input OPA_LoopGain

--mde view input _spe statel corner

--output_path ./results casel

--output_file output.log

--param_file extractcdfVal 0.txt

Wherein:

The blue part is the input part of the problem, which has been set:

Input information, the Lib name of the analog circuit to be optimized, which has been
set

Input information, the Cell name of the analog circuit to be optimized, which has been
set

Input information, the View name of the analog circuit to be optimized, which has
been set

Input information, the TestBench of the circuit to be optimized, which has been set

Input information, MDE L2 corresponding to the TestBench of the circuit to be
optimized, which has been set

The green part is the output result of the simulation, and the path of the output result
can be defined by oneself:

Output path of simulation results

Output summary of all simulation results (gain, margin, UGB, etc.)

29



- PEFRLN AR
41 EDARE R i 6X 2%

The red part is the circuit size parameters to be input for each simulation.

Input file, here is the input initial circuit size parameter file: extractcdfVal 0.txt;
participants need to obtain a new circuit size file according to the optimization algorithm
they use to replace this .TXT file, so as to obtain new simulation results.

Note: This problem needs to be optimized under the given initial solution conditions.
6. Problem Analysis
This test is about circuit size optimization design based on PyAether. Under the given circuit
diagram architecture and simulation settings, the target parameters are met through algorithm
optimization.

6.1 Input Information
1) Circuit Design Schematic

The circuit diagram of the fully differential operational amplifier includes main folded

operational amplifiers/telescopic operational amplifiers and Miller compensation circuits, etc.
Design Manager - AetherADV - Log: /home/empyrean/.empyrean/logs/aether.20250630105343.179917.log

File Edt Tools Window Options Help € Empyrean
2B OBR

ER = Be=
Ubrary Cell View
2025_Competition_013umPDK_casel OPA_LoopGain
2025 Competibon 013umPOK casel o] OPA View Lock Size
12025_Compettion_013umPDK_case2 OPAL & schematic 38k
2025_Compebtion_013umPDK_case3 OPA LoopGain - 1 oK
2025_Competition_013umPOK_cased OPA_var spe_state
12025_Compebtion_013umPDK_case5
12025_Competition_013umPDK_test

2025_Competition_013umPDK_var
12025 _Competition_013umPDK_var_PyAether
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Folded Amplifier

Telescopic Operational Amplifier

2) Circuit Simulation Test Bench

Here provides the simulation test bench of the fully differential operational amplifier

(including relevant stimulus, etc.).

3) Mixed Simulation Environment Settings

Including single simulation design environment and output results, etc. The output

results include Gain and Phase, unity gain bandwidth ( UGB ) , phase margin(PM ) , gain

margin ( GM ) , operating current (1_OPA ) , etc.

SemMOoNmEETW
Model Setup
Model File Nominal

1V ctre/spe_demoscs o St

Analysis
Enable Type Argument
v oC op
v AC Start=1 Stop=1G Logarithic Points Per
Farameters
Name Nominal
| b
1 vdd 18

Temperature(Celsius)
Nominal
127

Msg>

Session Setup Analysis Simulation Outputs Results Comer Tools Window Options Help

Results
Results] (design) 3 Results2 (design) 3  Results3 (design) X Fiiter Name
Deta . Save. @ Bl

Parameter  Nomnal

spe_demoscs it

temperature 27

Output Nomemal spec Weight Pass/Fail Min Max
v * | q

Loop_Gain

LP Phase

Phase_Margin  60.3714 603714 603714

Gan_Margin  -7.97665 797665  -7.97665

Gain_db 931181 931181 931181

ucas 30.3335M 303335M  303335M

1.voD 119877m 119877m  119877m

1 8iAS 100 106 100

1.0 118877m 118877m 118877m

Results  Outputs

Simulator: State: spe_statel
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And the settings of PVT conditions to be met, as shown in the figure below:

E Corner Setup X

B8] &

Corners V| Nominal v/ Cl i

Model Files

spe_demo.scs v ffss
Add...
Parameters J
vdd v/ 162198

Add... i

Temperature -40 125 i

Number Of Corners 1 8 i
B
B
3

Help Apply 0K Cancel

4) Provide Source Code for “Converting Circuit Diagram Parameters to Variables”
Based on PyAether
By running this script with PyAether and the known circuit diagram, a parameterized circuit
diagram can be automatically generated, that is, the sizes of transistors, resistors, and
capacitors in the known circuit diagram are converted into variables. The core code is as

follows:
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run_sim_change_sch_var.py (/home/works/cxuser2?) - GVIM
Nfllc Edit Jools Symtax Buffers Window Help

“Q_Q F N9 e€ 583 ® %208 &

15 def t (1ib, cell, view)
1€ cv source = pyScript.dbOpenCV(lib, cell, view)
/ if(cv source is ) ):

1 { )
“ 19 ns = pyScript.emyCdbaNS()
11bS = pyScript.emyScalarName(ns, str{lib))
CellS = pyScript.emyScalarName(ns,stricell))
22 ViewS = pyScript.emyScalarName(ns, strview)+ )
' cv source.saveAs(libs,Cells, views)

2 cv pyScript.dbOpenCv(lib, cell, views )
/ insts = cv.instances
for inst in insts
t t , inst.name, )

if (inst.name[0] == “F or inst.name[d] == ):
pyScript.cdfSetParam(inst, , inst.name + )
elif (inst.namelf] == or inst.name(f)] == )
pyScript.cdfSetParam(inst, , 1Inst.nane + )
elif (striinst.name).startswith("#IN") or (inst.name) . startswith( pin®)):
tl , inst.name, )
else:
m return = pyScript.cdfSetParam(inst, , inst.name + )
8 L return = pyScript.cdfSetParam(inst, , Inst.name + )
] 39 fw return = pyScript,cdfSetParam(inst, , Anst name + )
i tl , B return)

41 tl . L return)
42 int( , Tw return)

> =«

14 { f , Inst.name, )
N L4 dbcheckandsave()
1 pyScript.dbCheckAndSaveDesign(cv)

N 47 # cy.savel)

After running this PyAether script, a schematic_var circuit diagram with various variables
can be generated. These variables are mainly formed by adding cdf parameters to the

instance names, such as NM1_m, etc.

schematic schematic var
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5) Provide Source Code for “Calling MDE for Simulation” Based on PyAether
By running this script with PyAether and the known MDE, the corresponding simulation can
be automatically called, and the simulation results can be obtained. The running effect is as

follows:

Simulation run started.

Results4 Sim Done! #maxJob:
Results4 Sim Done! #maxJob:
Results4 Sim Done! #maxJob:
Results4 Sim Done! #maxJob:

1 #total sim: 13 #finished sim:
1 #total sim: 13 #finished sim:
1 #total sim: 13 #finished sim:
1 #total sim: 13 #finished sim:
‘Results4 Sim Done! #maxJob: 1 #total sim: 13 #finished sim:
Results4 Sim Done! #maxJob: 1 #total sim: 13 #finished sim:
iResults4 Sim Done! #maxJob: 1 #total sim: 13 #finished sim:
Results4 Sim Done! #maxJob: 1 #total sim: 13 #finished sim:
Results4 Sim Done! #maxJob: 1 #total sim: 13 #finished sim:
Results4 Sim Done! #maxJob: 1 #total sim: 13 #finished sim: 10
Results4 Sim Done! #maxJob: 1 #total sim: 13 #finished sim: 11
Results4 Sim Done! #maxJob: 1 #total sim: 13 #finished sim: 12
|Results4 Sim Done! #maxJob: 1 #total sim: 13 #finished sim: 13
------- Result is valid---------

LoONOWUMEWNH-
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6) Provide Source Code for “Back-annotating Optimal Circuit Size Data to the

Circuit Diagram” Based on PyAether

¥ run_sim_get_best_size.py (/home/works/cxuser27) - GVIM1

File Edit Tools Syntax Buffers Window Help

B2Qs 96 B AP &« 683 %2 0”8
13

14 def get para(lib, cell, view):

15

16 cv source = pyScript.dbOpencv(lib, cell, view)

17 if(cv source is None):

18 print(“open failed")

19

20 ns = pyScript.emyCdbaNs()

21 1ibS = pyScript.emyScalarName(ns, str(lib))

22 CellS = pyScript.emyScalarName(ns,str(cell))

23 ViewS = pyScript.emyScalarName(ns, str(view)+" best")

24 cv_source.saveAs(libs,Cells,Views)

25

26

27 cv = pyScript.dbOpenCV(lib, cell, view+" best")

28

29 with open('get pa result.csv', 'r') as result_file:

30 lines = result_file.readlines()

31 for line in lines:

32 print(“proc *, line)

33 fields = line.strip().replace('"", ).split(',")
34 print(“fields[0]: *, fields[®])

35 if (fields[0] parameter”):

36 print(“fields[1]: ", fields[1])

37 if (fields[1] == "vdd"):

38 continue

39 index = fields[1].rfind(" ")

40 inst name = fields[1][:index]

41 param name = fields[1][(index+1):]

42 print(“inst name: ", inst name)

43 print(“param name: ", param name)

44 instId = pyScript.dbFindInst(cv=cv,name=inst name)
45 print(“inst ID: “, instld)

46 pyScript.cdfSetParam(instId, param name, fields[2])
47 # cv.save()

48 pyScript.dbCheckAndSaveDesign(cv)

By running this script with PyAether and the csv file of optimal size parameters obtained by

the optimization algorithm in this assessment, the circuit diagram with optimal size can be

automatically generated. The core code is as follows:
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Then it will generate a schematic var best schematic containing the optimal parameters.

schematic var schematic var best
7) Provide Source Code for “Reading Device Connection Relationships” Based on
PyAether
Through the given PyAether code, the connection relationships of devices in the circuit
diagram can be read, and the names of Nets connected to the device’s Gate, Source, etc. can

be automatically printed. The core code is as follows:

¥ get_PMO_G_S.py = (/home/PyAether_Packages/Desktop/2025_EDA_Competition) - GVIMS
File Edit Tools Syntax Buffers Window Help
828 B NS e« 383 %8 8

3 #open design
4 cv = ae.dbOpenCV(lib="2 ompetitic 1 PDK var PyAether", cell="OPA", view="s t )
5

6 I PMO = ae.dbFindInst(cv, "PM619")

8 for p in I PMO.instTerms:
q

if p.name=="G":
10 print("PM619 Gate ect is”, p.net.name)
11 elif p.name =="S5":
12 print("PM619 S e connect is" ,p.net.name)
13 elif p.name =="D":
14 print (“PM61 . nect ,p.net.name)

15 else:
yrint("PM619 Body ect i1s", p.net.name)
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The running effect is as follows:

PM619 Drain connect is Drainl
PM619 Gate connect is Gatel
PM619 Source connect is VDD
PM619 Body connect is VDD

ae load "get PMO G S.py"

Python Console = Tcl Console

Cmd&&Msg

schematic 3 B E ok R

8) Provide Overall Source Code for Automatic Optimization Interface Based on
PyAether Where Participants Only Need to Input Size Files
Finally, participants can call the following command run_opt command.sh to run the
simulation under the corresponding size and obtain the simulation results.
The command for run_opt _command.sh is as follows:
pythone optimization.py
--ae_lib input 2025 Competition lib_name
--ae_cell input OPA
--ae_view input_schematic
--mde_cell input OPA LoopGain
--mde_view input_spe statel corner
--output_path ./results casel

--output_file output.log
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--param_file extractcdfVal 0.txt
Wherein:
The blue part is the pre-configured input part of the problem, which has been set up; the green
part is the output result of the simulation, and the path can be defined by oneself; the red part
is the circuit size parameters to be input for each simulation, which are the input contents of
the optimization algorithm. Note: This problem needs to be optimized under the given initial
solution conditions.

Its operation is as follows:

1164 ./run_opt command case3.sh
1105 history
empyrean@jingying@l 2025 EDA Competition]$ ./run opt command.sh

The available simulation result files are as follows:

[empyrean@jingying®l 2025 EDA Competition]$ cd results case3

[empyrean@jingying®l results case3]$ ls

emy2netlist.log Results3 detail.csv  Results3 transpose.csv Results4 detail.csv  Results4 transpose.csv
output case3.log Results3 summary.csv Results3 yield.csv Results4 summary.csv Results4 yield.csv

The summary of simulation results can be viewed as follows:

Results4 summary.csv (/home/PyAether_Packages/Desktop/2025 EDA_Comp
File Edit Tools Syntax Buffers Window Help

A = = @ P A e« 3B %08
"Output”,"Min", "Max","Mean", "Median","Std Dev","Spec","Pass/Fail","Pass Ratio"
"Phase Margin"”,"6.32965e+01","8.14564e+01","7.52414e+01","7.54681e+01", "4.96858" ,"","" ,""
"Gain Margin",k"-8.25132","-4.68257e-01","-3.61279","-2.63454","2.40459" ,"" """ ""
"Gain_db","6.06458e+01","9.1732e+01","7.84067e+01","8.06458e+01","1.0033e+01","" ","I
"UGB","2.748e+07","1.36736e+08","7.6418e+07","8.34911e+07", "3.05084e+07","" """, ""
H'I OPA","1.44366e-04","4.59344e-04","2.85842e-04","2.7091e-04","9.32624e- 95' AL L

The specific results of each simulation can be viewed:

Resultsd_detail.csv (/home PyAthrl Packa ages/Desktop/2025_EDA romprmmn results_case3) (le)

file Edit Jools Syntax Buffers Window Help
8208 y P NY¢e 0> "0y = 8

BParavetert, mxna\ 9.0 8 S0, Y §°, WL 1%, CY 2“‘(1 3°,°C1 4°,°C1 5°,°C1_6°,°C1_7",°C1 8°,°C1 9°,°C1 10°,"C1 11"
“spe_demo.scs* RO rv "-.~n- -n- “$5%,°85%,°58", “55°, 88", "ss*

“wdd®,*1.8"
“tenperature®,

"1.8" ,'l."a
.' Ml 125e~07

J"1.8%,71,8%,%).98", 1,98
T 404017, 71, 2504027, T 404017, " 1. 2564027, "~ 404017, " 1. 2564027, " -4e+0]1" 1. 254027

"2.7e401"

*Output”, *Nominal Pns/raxl','m ", "C1. 3,

Spec”, "weight" 'C1 4°,7C1 5°,"C1 6°,°C1 _7°,"C1 &°,"C1 9","C1 10", "1 11"

*Loop_Gain® I
“LP Phase*
“Phase Marg 8.145640401",*6.32965¢+01", 6. 811776+01", *7. 3960404017, *7. 546810401° , *8.062720401°, *7.827410401%,*7.3091¢+01" , 7, 49137¢+01
*,"7.41177e+01,*7 79372e+ ex a llS-Me 01°,°8.12019¢+01" |
“Gain mvgm +'2,55077 *18.25132%,%-4.68257¢-01%, * -4.68257¢-01%, - 2.06157",*-2, 63454%, *-4.71907", *-5,25132%,-7.62014°, *-1, 24886, *-2.04139", *-1.27962" , *-2.89042" ,*
-5,41757",-5.78275"
“Gain db","8.25821e+01" 86458e+01","9.1732e+01", "9. 094718401, "8.090528+01", "7, 95258e+01", *6.98823e+01", "6.34838+01", *6.064586+01", 9. 1732¢401", 8. 680526+01", 9.0
2161e401", °8.06458e+01" 7 ume»ol *6.850360401"

"8.797720407%,7, %%, % %2, 748407%,*1. 367366408, *1.36736+408" , *1.122180408° , 8. 349116407", *6. 783686467" , *2. 748¢407%,*3. 75415€+07%,°9. 25066+07" , 8. 72317e+67° ,*9. 6969940

7 720540467, "4.2839¢+87", "4, 340080+ 97
"1 ODA 2 799le 84" ."."."4 1.443660-94","4,59344e-04","1.91186€-04","3.52628e-04",*2.28413¢-04",“4.09192¢-04", " 2.05485¢ 04", "4, 59344¢-04", "1 . 44360¢- 04", "2 . 80388e 04" ,*1.77
490e-04", %3, 3882904, 2. 1091 1¢- 04", "3, 86799 - 04"
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9) Provide Process Constraints:

Relevant process PDK libraries are provided.
6.2 Output Information Requirements

1) The number of variables after device identification and optimal device size values
(e.g., M1_W=36u, M1_L=2u, R W=2u).

2) Back-annotated circuit diagram with optimal size (size is back-annotated to the circuit
through PyAether, i.e., schematic var best).

3) Simulation verification report (including index results under various PVT conditions,
etc.), which needs to show simulation results of processes TT/FF/SS, high temperature
(125°C), low temperature (-40°C), and nominal voltage £10% variation in the simulation
report.

4) Number of optimization runs, running time, and final results.

7. Computer Environment

6.1 Remote login to VNC, server environment of Centos6.9

6.2 Configured Pycharm

6.3 Participants need to implement this problem using programming methods such as
Python

6.4 Relevant tools: ALPS simulator, Aether full-custom design platform, PyAether
ecosystem, etc.

8. Scoring Criteria
A. Submission Requirements
Participants need to implement this problem using programming languages such as

Python/C++ combined with PyAether interfaces.
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1. Code: Python/C++ source code, including parameterized circuit diagram generation,
simulation process, and optimization algorithm;

2. Documents: Design architecture, algorithm principle, comparison of optimization results
(including circuit diagram screenshots, simulation curves), test report;

3. Output files: Optimized netlist, simulation results, and other evaluation data.
Relevant information such as source code, design documents (including architecture,

algorithm, screenshots of generated circuit diagrams, test reports) need to be submitted.

B. Scoring Mechanism

The given samples consist of public known two op-amp circuits (2) and three hidden
test op-amp circuits (3). The public op-amp circuits are disclosed to participants for algorithm
development verification, while the hidden test op-amp circuits are kept confidential to
evaluate the generality of participants' algorithms. The public circuits are not included in
scoring, while the hidden test op-amps are used for evaluation. The maximum runtime for
each op-amp circuit's complete code execution is 4 hours.

This competition requires submission of a report containing the output information
specified in Section 6.2, including but not limited to: generating optimized circuit schematics
and simulation results using the provided PyAether source code and known circuit diagrams.
Please refer to the attached report template for details.

Note: The output report must be submitted according to the template.

Serial Format
Output Content Evaluation Focus
Number Requirement
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Number of variables after
CSV file (e.g., M1_w=36u, Meeting relevant
1 device identification and
M1 L=2u) constraints
optimal device size values
Back-annotated .schematic_var best Manufacture
2
circuit diagram (including optimal size ) ability
Simulation results and
Simulation and Performance compliance
3 waveform under optimal size
verification report rate and robustness
(including PVT results)
Code quality and Including number of
Comprehensive
4 algorithm optimization runs, running
optimization capability
performance time, memory usage, etc.

(1) [40 points] Satisfaction of constraints based on the given circuit

Through the given circuit diagram, MDE environment, and PyAether source code, the

most basic constraint conditions for phase margin (PM), gain margin (GM), DC gain (DC

Gain), and operating current (I_OPA) are met. If any constraint is not met, such as phase

margin not meeting the requirement, 10 points will be automatically deducted, so the score

for this item is 0. If met, full marks will be given directly.

Constraints

Score Constraint Condition

Phase Margin, PM>50°

10 points Must be met for all PVT
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Gain Margin,
10 points Must be met for all PVT
GM<-10dB
DC Loop Gain,
10 points Must be met for all PVT
DC Gain> 80dB
Operating Current
10 points Must be met for all PVT
I OPA<3mA

(2) [40 points] Evaluation of Optimization Objectives for Multi-Objective Sizing

Optimization Algorithm

Comprehensively considering targets such as unity gain bandwidth (UGB) and
preliminary area sum, the scorer will evaluate the quality of the final results based on the

following indicators:

Objective Score Evaluation Condition

Unity Gain Bandwidth
15 points Worst-case scenario for all PVT corners
(UGB) The larger the better

Note: The area parameter is initially
calculated as the sum of the areas of all
transistors, resistors, and capacitors.
Area minimization 25 points
Among them:

® the area of each transistor is fwLml.5

® the area of the capacitor is: WL1
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® the area of the resistor is: WL*2

Each objective is scored according to the ranking: the first place gets full marks for this
item; based on the first place, other scores are calculated proportionally.

Taking the indicator of the team with the largest UGB as UGBO0, and the UGB indicator
of other teams as UGB1, the UGB score is UGB1/UGB0*15.

Taking the team with the smallest area as full marks, with the smallest area recorded as
A0, and the area of other teams, e.g., Al, the area score is AO/A1*25.

(3) [20 points] Total running time, 0~20 points.

Basic score: Taking the shortest running time among teams that meet at least 3 constraint
conditions as T0, and the running time of other teams as T1, the basic score for the running
time of the team is TO/T120, with the maximum basic score being 20 points.

For each unmet constraint condition, 5 points will be deducted from this item.
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*For questions not covered in this guide, please refer to the O&A document
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