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0. Kapak ve Yonetici Ozeti

Bu rapor, itkan-8 projesinin detay tasarim yaklasimini, sematik ve post-layout
simulasyon sonuclarini, DRC/LVS signoff durumunu sunar. AFE ve BGR bloklari
sartname kriterlerine uygun sekilde kapatiimis, fiziksel dogrulama
tamamlanmistir.

1. Gereksinim Tablosu ve izlenebilirlik Matrisi

REQ-ID

AFE-01

AFE-05

AFE-06

AFE-04

BGR-01

BGR-03

BGR-06

DRC

LVS

Gereksi Hedef Test Sematik @ Post- Fark Durum
nim Metodu Sonuc Layout (%)
Sonuc

Veri hizi 8 Gbps PRBS 8 Gbps 8 Gbps 0% Pass
transient

Goz =250 Eye 305 292 -4.3% Pass

yuksekli mVpp,dif | diagram mVpp,dif | mVpp,dif

gi f f f

Goz =0.35 Ul | Eye 0.44 Ul 0.41 Ul -6.8% Pass

genisligi diagram

S11 <-10 dB AC port -13.2 dB -11.8dB +10.6% Pass

VREF 1.25V DC OP 1.2498V | 1.2503V @ +0.04% Pass

+0.5%
TC <15 Temp 8.7 ppm/ | 9.4 ppm/ @ +8.0% Pass
ppm/°C sweep °C °C

PSRR <0 dB AC -11.2 dB -9.8 dB +12.5% Pass

@1kHz injection

Temizlik 0 hata PVS/ = 0 hata = Pass
Pegasus

Match Exact PVS/ - Match - Pass
Pegasus

2. Proje Mevcut Durum Degerlendirmesi

OTR'den Bu Yana Yapilan Degisiklikler:

1.

CTLE Topology Gincellemesi: ilk planda induktérli peaking
kullanilacakti, ancak PDK induktér Q faktéri <5 oldugu icin source-
degeneration resistive peaking'e gecildi. Etki: Boost profili daha duz,
PEX sonrasi fark %3'e dustu.

. BGR Trim Agi Eklenmesi: Post-corner similasyonlarda TC 14 ppm/

°C'ye ciktigi icin 3-bit trim agi eklendi. Etki: TC nominal 8.7 ppm/°C'ye
dastd, marj %42'ye ciktl.

. Layout Stratejisi Degisikligi: ilk layout BGR-AFE yan yana diizendi,

ancak cross-talk riski nedeniyle BGR ayri guard ring icine alindi. Etki:
Alan %8 artti, PSRR 2 dB iyilesti.
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3. Detay Tasarim: Sistem Mimarisi

Top-Level Sistem Blok Diyagrami:

VDD (1.8V) GND
| [

[ [
BGR (Bandaap Reference)
e VREF 1P25
e TREF 16U

Bias Distribution

I

I
AFE (Analog Front-End)
Inputs: VINP, VINN
Control: AFE Confia<0>
Qutputs: VOUTP, VOUTN

Pin Tanimlari:

- VDD: 1.8V analog besleme

- GND: Analog toprak

- VINP/VINN: Diferansiyel analog giris (AC-coupled)

- AFE_Config<0>: Dijital kontrol (0=10dB kanal, 1=20dB kanal)
- VOUTP/VOUTN: Diferansiyel cikis (20fF yuk)

- VREF_1P25: 1.25V referans gerilimi (internal)

- IREF_16U: 16pA referans akimi (internal)
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4. Detay Tasarim: BGR (Bandgap Reference)

Topoloji: Opamp tabanli Brokaw bandgap + kaskotlu current mirror + 3-bit
trim

Temel Prensipler:

- PTAT (Proportional To Absolute Temperature) akimi: AVBE Uzerinden aretilir
- CTAT (Complementary To AT) gerilimi: Tek BJT VBE

- SIfir-TC noktasi: R1/R2 oraniyla ayarlanir

- Trim: 3-bit » 8 adim R2 orani (binary weighted resistor array)

Sematik vs Post-Layout Karsilastirmasi:

Metrik Sematik Post-Layout Fark Yorum

VREF @27°C 1.2498 V 1.2503V +0.5 mVv Parazitik direng
etkisi

IREF @27°C 16.02 pA 15.98 pA -0.04 pA Metal R etkisi

TC (ppm/°C) 8.7 9.4 +0.7 Simetri korundu

PSRR @1kHz -11.2 dB -9.8 dB +1.4 dB Decap parazitik

PSRR @10MHz -5.3dB -4.1 dB +1.2 dB On-chip cap ESR

Start-up slresi 2.8 us 3.1 us +10.7% Parazitik C artisi

GuUg tuketimi 128 pw 132 pw +3.1% Metal R kaybi

Kritik Tasarim Kararlan:

1. Common-centroid R1/R2 layout = TC stabilitesi
2. Kaskotlu bias - PSRR +3 dB iyilesme

3. Trim agi - Post-silicon TC dizeltme esnekligi
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5. Detay Tasarim: Opamp (BGR icin)

Topoloji: Two-stage Miller-compensated opamp

Performans Ozeti:

Parametre Hedef
DC Gain >80 dB
GBW >10 MHz
Faz Marji >60°
Slew Rate >5 V/us
CMRR >70 dB
GUc Tuketimi <100 pw
Output Swing 0.3-15V

Kararlihk Analizi:

Sematik
86.4 dB
14.3 MHz
68°

8.2 V/us
78 dB

87 uW

0.25-1.55V

- Miller compensation capacitance: 2.5 pF

- Dominant pole: 12 Hz (i

nternal node)

- Second pole: 42 MHz (output node)
- Unity-gain frequency: 14.3 MHz
- Phase margin: 68° (sematik), 64° (post-layout) — kararh

Neden Two-Stage?

Post-Layout
84.2 dB

13.1 MHz
64°

7.6 V/us

75 dB

91 pw

0.28-1.52V

- DC gain gereksinimi >80 dB — tek stage yetersiz

- Output swing 0.3-1.5 V - rail-to-rail gereksiz

- GBW 10 MHz yeterli - folded-cascode asiri gug tuketir

Sayfa5/19

Durum
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6. Detay Tasarim: AFE (CTLE + Yukseltec)

AFE Blok Detaylari:

1. Giris Terminasyonu:
- 50Q diferansiyel (25Q + 25Q to VCM)

-S11 < -12 dB @ 0-4 GHz (hedef: <-10 dB)

2. Programlanabilir CTLE:
- Source-degenerated differential pair
- Boost: 0-10 dB @ 4 GHz (AFE_Config<0>=0)
- Boost: 0-20 dB @ 4 GHz (AFE_Config<0>=1)
- Bant genisligi: DC-6 GHz (-3dB)

3. iki Kademeli Yiikseltec:

- Stage-1: Linear gain (12 dB)

- Stage-2: Limiting amp (sabit ¢cikis ~300 mVpp,diff)

Performans Karsilastirmasi:

Parametre
Goz
Yuksekligi

Goz
Yuksekligi

Go6z Genisligi
Go6z Genisligi
S11 @2 GHz
S11 @4 GHz

GuUc Tuketimi

Kanal

10 dB

20 dB

10 dB

20 dB

Sematik

310
mVpp,diff

305
mVpp,diff

0.45 Ul
0.44 Ul
-14.1 dB
-13.2 dB

18.4 mW

10 dB vs 20 dB Kanal Modu:
- AFE_Config<0>=0: DUsuk boost, 10 dB kanal icin optimize
- AFE_Config<0>=1: Yuksek boost, 20 dB kanal icin gerekli

- Her iki modda da eye kriterleri korunuyor

Post-
Layout

295
mVpp,diff

288
mVpp,diff

0.43 Ul
0.41 Ul
-12.8 dB
-11.8 dB

19.1 mW
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Fark

-4.8%

-5.6%

-4.4%

-6.8%

+9.2%

+10.6%

+3.8%

Durum

Pass

Pass

Pass
Pass
Pass
Pass

Pass
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7. Test Ortami ve Dogrulama Altyapisi

Simulasyon Araclar:

- Cadence Virtuoso Schematic Editor v21.1
- Spectre Circuit Simulator (APS engine)

- ADE Assembler (parametrik/corner sweep)
- Quantus PEX (parasitic extraction)

Testbench Yapisi:
1. AFE Testbench:

- PRBS-7 generator (8 Gbps NRZ)
- Kanal modeli: 2-pole Butterworth (fc=4 GHz, loss=10/20 dB)
- AC coupling cap: 100 nF
- Load: 20 fF differential

- Measurement: Eye diagram (100 Ul capture)

2. BGR Testbench:

- VDD source: ideal 1.8V + AC injection (100mV @freq sweep)

- Temp controller: -40°C to 125°C, 5°C step
- Load: 1 pF cap (IREF), 10 kQ resistor (VREF)

- Measurement: DC OP, temp sweep, AC PSRR

Corner ve Monte Carlo Setup:

Corner

TT

SS

FF

SF

FS

Monte Carlo:

- BGR TC: 200 sample, process+mismatch variation

Aciklama

Typical-Typical @ 27°C,
VDD=1.8V

Slow-Slow @ -40°C,
VDD=1.62V

Fast-Fast @ 125°C,
VDD=1.98V

Slow NMOS, Fast PMOS @
27°C

Fast NMOS, Slow PMOS @
27°C

- AFE eye: 100 sample, process variation

- Yield hedefi: >95% @ 30

Sayfa7/19

Kullanim

Nominal dogrulama

Worst-case low

Worst-case high

Asimetrik case

Asimetrik case
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8. Layout ve Fiziksel Tasarim Stratejisi

Layout Floor Plan:

Guard Ring (Substrate Isolation) |

1
BGR Block (Common-Centroid) |
e R1/R2 matched resistors |
e BJT array (8x unit cells) |
o Opamp (symmetric diff pairs) |
« Decap array (MIM caps) !

¢ Bias routing (shielded

Guard Rinqg

I

| AFE Block (Differential Svm)

| « Input pads (ESD protected)

| + 500 termination (matched)

| « CTLE (cross-coupled symmetry)
! e Amplifier stages (interdigit)

- = Y————

Kritik Layout Teknikleri:

1. BGR:
- Common-centroid R1/R2 - TC matching
- BJT array unit cell » AVBE uniformity
- Guard ring - substrate noise izolasyonu
- MIM decap placement - PSRR enhancement

2. AFE:
- Differential symmetry - CMRR, offset minimizasyonu
- Equal-length routing (VINP/VINN) — skew <5 ps
- Metal-6 for signal, Metal-5 for bias = cross-talk azaltma
- Dummy fill %20 density -» DRC metal density pass

3. Power Distribution:
- VDD mesh: Metal-7 (wide rails, low IR-drop)
- GND plane: Metal-1 + via stitching
- Decap array: 50 pF total (MIM + MOS)

Layout Alan:

- BGR: ~80 um x 60 pm = 4800 pm?

- AFE: ~150 pm x 100 pm = 15000 pm?

- Total chip: ~200 pm X 150 um = 30000 pm? (pad dabhil)
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9. PEX (Parasitic Extraction) Sonrasi Simulasyonlar

PEX Akisi:

1. Layout complete (GDSII export)

2. Quantus QRC extraction (R+C+Cc model)
3. Netlist merge (schematic + parasitics)

4. Spectre post-layout simulation

5. Result comparison (schematic vs PEX)

Extraction Setup:

- Coupling cap threshold: 0.01 fF

- Resistance model: 3-corner (min/typ/max)
- Capacitance model: statistical

- Ground net: VSS, VSUB

Sematik vs PEX Fark Analizi:

Blok Metrik Sematik PEX A (%)
BGR VREF 1.2498 V 1.2503V +0.04%
BGR TC 8.7 ppm/°C 9.4 ppm/°C +8.0%
BGR PSRR @1kHz | -11.2 dB -9.8 dB +12.5%
BGR Glc 128 pW 132 pw +3.1%
AFE Eye height 305 mVpp 292 mVpp -4.3%
AFE Eye width 0.44 Ul 0.41 Ul -6.8%
AFE S11 @4GHz -13.2 dB -11.8 dB +10.6%
AFE Gulg 18.4 mW 19.1 mW +3.8%

Parazitik Etkiler:

- Metal resistans - Bias akimlarinda ~%3 kayip
- Coupling cap - PSRR'de ~1.4 dB bozulma

- Wire cap — Eye genisliginde %6.8 azalma

- Tum etkiler marj icinde, kriterler korunuyor
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10. DRC (Design Rule Check) Sonuclari

DRC Arac ve Versiyon:
- Cadence PVS (Physical Verification System) v21.1
- PDK: [PDK_NAME] DRC deck v2.5

DRC Run Ozeti:

Run Tarih Toplam Kritik Uyan
Hata

DRC-1 10 Nisan 47 18 29

DRC-2 18 Nisan 12 3 9

DRC-3 25 Nisan 0 0 0

DRC-1 Hata Kategorileri ve Duzeltmeler:

Kural Aciklama Adet
M1.S.1 Metal-1 min spacing 8
M3.W.2 Metal-3 min width 5
POLY.A.3 Poly area density 3
DIFF.E.1 Diffusion enclosure 2

Final DRC-3 Durum:

v 0 kritik hata

v 0 uyari

v Tum metal density kurallari pass (%20-80 araliginda)
v Antenna kurallari pass

v ESD protection kurallari pass

Teslim Paketi:

- DRC rapor dosyasi: AETHER _chip_top_drc_clean.rpt
- GDSII: AETHER_chip_top_v1.0.gds

- DRC deck versiyonu: PDK_DRC v2.5
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Durum

Fail
Fail

PASS

Dlizeltme
Aksiyonu

Wire rerouting +
spacing artirma

Via size dlzeltme

Dummy poly fill
ekleme

Contact array
yeniden yerlesim
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11. LVS (Layout vs Schematic) Sonuclan

LVS Arag ve Versiyon:
- Cadence PVS LVS v21.1
- PDK: [PDK_NAME] LVS deck v2.5

LVS Run Ozeti:

Run Tarih Net Match Device Pin Match Durum
Match

LVS-1 12 Nisan Fail (2 net) Fail (1 dev) Pass Fail

LVS-2 20 Nisan Pass Pass Pass MATCH

LVS-1 Hata Detaylar ve Duzeltmeler:

1. Net Mismatch:
- Hata: BGR bias net eksik baglanti
- Sebep: Via eksikligi (M2-M3 gecisi)
- DUzeltme: Via array eklendi

2. Device Mismatch:
- Hata: PMOS M12 layout'ta yok
- Sebep: Sematik glincelleme sonrasi layout sync eksik
- DUzeltme: M12 layout'a eklendi

LVS-2 Final Durum:

v MATCH (Schematic = Layout)

v Net count: 347 (schematic) = 347 (layout)

v Device count: 128 (schematic) = 128 (layout)
v Pin count: 12 (top-level) = 12 (layout)

v Tum parametreler match (W, L, M, fingers)

Teslim Paketi:

- LVS rapor: AETHER _chip_top_lvs_match.rpt

- Extracted netlist: AETHER chip_top_extracted.scs
- Cross-reference file: AETHER _Ivs_xref.txt
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12. Cip Tasarim Akisi (End-to-End)

Tasarim Akis Semasi:

1. Sartname Analizi (1 hafta)
L—> Cikt1i: Requirement matrix, spec table
l
2. Mimari Tasaraim (1 hafta)
L> Cikti: Block diagram, topoloji secimi
l
3. Sematik Tasaraim (2 hafta)
Tool: Virtuoso Schematic Editor
L> (Cikti: .sch dosyalari, netlist
l
4. Simulasvon (2 hafta)
Tool: Spectre (APS), ADE Assembler
L> Cikt1i: Eye diagram, TC curve, PSRR plot
l
5. OTR Hazirlik (1 hafta)
L> Teslim: 16 Mart 2026
l
6. Layout Tasarim (4 hafta)
Tool: Virtuoso Layout XL
L> Cikti: .gds dosyasi
l
7. PEX (Parasitic Extraction) (1 hafta)
Tool: Quantus QRC
L> Cikti: Extracted netlist + parasitics
l
8. Post-Layout Similasvon (1 hafta)
Tool: Spectre + PEX netlist
L> Cikti: Sch vs PEX comparison table
l
9. DRC/LVS (2 hafta, iteratif)
Tool: PVS DRC/LVS
L Cikt1i: Clean DRC, LVS match
l
10. DTR Hazirlik (2 hafta)
L> Teslim: 15 Mayis 2026
:
11. Final Paket (1 hafta)
L> Teslim: 31 Temmuz 2026

Toplam Sure: 18 hafta (13 Subat - 31 Temmuz 2026)
Kritik Yol (Critical Path):

Sematik - Simulasyon - Layout -» PEX - Post-sim - DRC/LVS
(Bu zincirde gecikme tum projeyi etkiler)
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13. Takim Organizasyonu ve Sorumluluklar

Takim Yapisi:
Uye

[isim-1]

[isim-2]

[isim-3]

[isim-4]

[isim-5]

Sprint Bazlhh Gorev Dagilimi:

Rol

AFE Tasarimci

BGR Tasarimci

Dogrulama
MUhendisi

Layout/Signoff

Proje Lideri

Sprint-2 (Sematik v1):
- Isim-1: AFE sematik - v1 tamamla
- Isim-2: BGR sematik -» v1 tamamla
- [sim-3: Testbench kurulum - AFE-01, BGR-01 calisir
- Isim-4: Layout plan - Floor plan hazir
- isim-5: OTR outline - icerik taslagi

Sprint-5 (Layout):
- Isim-1: AFE layout - %50 tamamlanma

- Isim-2: BGR layout =» %100 tamamlanma
- [sim-3: BGR PEX sim - ilk sonuclar

- Isim-4: BGR DRC/LVS - Temizlik baslangici
- isim-5: DTR outline - icerik taslagi

iletisim Protokolii:

- Gunluk stand-up: 09:00 (15 dk)

Uzmanhk

Yiksek hizli
analog

Referans
devreleri

Simulasyon/Test

Fiziksel tasarim

Sistem
entegrasyonu

- Haftalik teknik review: Carsamba 14:00
- Sprint retrospective: Her sprint sonu Cuma
- Acil teknik destek: Slack #aether-rx8 kanali
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Blok
Sorumlulugu

CTLE +
Yikseltec

Bandgap +
Opamp

Testbench +
otomasyon

Top-level layout,
DRC/LVS

Koordinasyon +
raporlama

Sprint Odagi

S1-S7
(Sematik+Layou
t)

S1-S7
(Sematik+Layou
t)

S52-56
(Sim+PEX)

S5-57
(Layout+Signoff
)

S1-S7 (Tum
sprintler)
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14. Risk Yonetimi ve Azaltma Stratejileri

Risk Matrisi:

Risk ID Risk Olasihik Etki Skor Oncelik

R-01 Post-layout Orta (50%) Yiksek (8) 4.0 Kritik
TC bozulmasi

R-02 Eye Orta (40%) Yuksek (9) 3.6 Kritik
kapanmasi
(PEX)

R-03 DRC metal Duasuk (20%) | Orta (6) 1.2 Orta
density fail

R-04 PSRR Orta (50%) Orta (5) 2.5 Orta
dismesi
(parasitik)

R-05 Cadence Duasuk (10%) | Yiksek (10) 1.0 Dusuk
lisans
kesintisi

R-06 LVS net Orta (30%) Orta (7) 2.1 Orta
mismatch

Detayh Risk Planlar::

R-01: Post-Layout TC Bozulmasi

- Tetikleyici: PEX sim'de TC >12 ppm/°C

- Mitigation: 3-bit trim agi + common-centroid layout

- Contingency: Trim kalibrasyonu ile post-silicon duzeltme
- Sorumlu: isim-2 (BGR tasarimci)

- Durum: Trim agi eklendi, TC 9.4 ppm/°C - Risk azaldi

R-02: Eye Kapanmasi (Post-PEX)

- Tetikleyici: Eye width <0.38 Ul (PEX)

- Mitigation: Sematik hedefi %20 marjh (0.44 Ul)

- Contingency: Bandwidth artirma (load cap azaltma)
- Sorumlu: isim-1 (AFE tasarimci)

- Durum: PEX sonuc¢ 0.41 Ul -» Pass, risk kapandi

R-04: PSRR Dusmesi

- Tetikleyici: PSRR >-5 dB @1kHz (PEX)

- Mitigation: On-chip decap array + kaskotlu bias

- Contingency: External filtering (eger on-chip yetersiz)
- Sorumlu: Isim-2

- Durum: PEX sonuc -9.8 dB — Pass, risk kapandi

R-05: Lisans Kesintisi

- Tetikleyici: Lisans sunucusu 2+ gun erisilemez

- Mitigation: Haftalik backup (local + cloud)

- Contingency: Alternatif Universite lisansina gegis
- Sorumlu: Isim-5

- Durum: Backup rutin calisiyor —» Aktif izleme
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15. Final Teslim Paketi icerigi

Teslim Klasor Yapisi:

AETHER RX8 Final Delivery/
F— 01 Schematic/
— AETHER afe top sch.pdf
F— AETHER bar core sch.pdf
F— AETHER chip top sch.pdf
L— netlists/
— AETHER afe top.scs
L— AETHER bar core.scs
02 Simulation Results/
— AFE/
— eve diagram 10dB.pna
F— eve diagram 20dB.png
F— S11 plot.pna
L— AFE simulation_ summary.xlsx
BGR/
— TC curve.pna
F— PSRR plot.png
— startup transient.png
L— BGR simulation summary.xlsx
03 Lavout/
F— AETHER chip top v1.0.gds
lavout screenshots/
F— BGR lavout.pna
F— AFE lavout.pna
L— chip floorplan.png
extraction/
F— AETHER chip top pex.scs
L— AETHER pex report.rpt
04 Sianoff/
— DRC/
| — AETHER chip top drc clean.rpt
| L— DRC_summary.pdf
L— Lvs/
F— AETHER chip top lvs match.rpt
L— LVS summary.pdf
05 Post Layout Simulation/
— AFE postlavout eve.png
— BGR postlayout TC.pna
L— SchVsPEX comparison.xlsx
06 Reports/
— AETHER RX8 OTR v1.0.pdf
F— AETHER RX8 DTR v1.0.pdf
L— AETHER RX8 Final Presentation.pptx
07 Documentation/
F— Desian Specification.pdf
F— Test Plan.pdf
— Risk Management Plan.pdf
L— User Guide.pdf
README. txt (Teslim paketi acgiklamasi)

———

T

17— 1 1 " 01

Teslim Kontrol Listesi:

* [ ] Sematik PDF'leri (tum hiyerarsi)

* [ ] Netlist dosyalar (.scs format)

* [ ] Simulasyon sonuclar (grafik + tablo)
* [ ] GDSII layout dosyasi (v1.0, final)
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* [ ] PEX extracted netlist

* [ ] DRC clean raporu (0 hata)

* [ ] LVS match raporu

* [ ] Post-layout simulasyon sonuclari

* [ 1Sch vs PEX karsilastirma tablosu

« [ 1 OTR raporu (PDF, 9 sayfa max)

* [ ] DTR raporu (PDF, 30 sayfa max)

* [ ] Final sunum (PPT, 15-20 slayt)

* [ ] README.txt (dosya yapisi aciklamasi)
Dosya isimlendirme Kurali:

Format: AETHER <blok> <tip> <versiyon>.<uzanti>
Ornek: AETHER bgr core sch v1.0.pdf
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16. Sonuc¢ ve Gelecek Calismalar

Proje Basari Ozeti:

v Tum sartname kriterleri PASS durumunda
v Post-layout simulasyonlari sartname icinde
v DRC temiz (0 hata)

v LVS match (schematic = layout)

v Teslim paketi tam ve zamaninda

Kriter Durumu (17/17 Pass):

Kategori Toplam Kriter Pass Fail Basari Orani
AFE 8 8 0 %100
BGR 7 7 0 %100
Signoff 2 2 0 %100
TOPLAM 17 17 0 %100

Kisitlamalar ve Varsayimlar:
1. PDK Kisitlamasi: Induktor Q faktori <5 nedeniyle LC-based CTLE
kullanilamadi

2. Layout Alani: Chip boyutu ~30000 um? (200x150 pum), daha
kompakt olabilirdi

3. Simulasyon Suresi: Post-PEX eye diagram sim ~8 saat
(optimizasyon gerekebilir)

4. Test Kisiti: Gergek silicon olcimu yapilamadi (simulasyon bazl
dogrulama)
Ogrenilen Dersler:
1. Erken Marj Belirleme: Sematik hedefi %20 marjli belirlemek post-
layout dususunu absorbe etti
2. Trim Esnekligi: 3-bit trim agi TC duzeltmesinde kritik rol oynadi

3. PEX Onemi: Layout'un ilk iterasyonunda bile PEX calistirmaliydik
(zaman kazanirdik)

4. DRC Otomasyonu: Her layout degisikliginde incremental DRC
calistirmak hata bulma suresini kisaltti
Gelecek Calisma Onerileri:

1. Performans iyilestirme:
- Veri hizini 10 Gbps'e cikarma (bant genisligi artirma)
- Guc tuketimi optimizasyonu (bias akimlarini azaltma)
- Chip alani ktcultme (%20 hedef)

2. Ek Ozellikler:
- On-chip kalibramasyon (otomatik trim)
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- Built-in self-test (BIST) blogu ekleme
- Dijital kontrol interface (SPI/12C)

3. Farkh Process Node:
- 28nm veya daha kucuk teknoloji (alan/guc¢ avantaiji)
- FiNFET process (daha iyi matching, dusuk leakage)

4. Silicon Dogrulama:
- Tape-out ve gercek cip uretimi
- Lab 6lcUmleriyle simulasyon validasyonu
- Yield analizi ve production readiness
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