LETERA, brivais mikrofons

1862 |

YOI FEI(GR

RIGA TECHNICAL
UNIVERSITY

Ciparu osciloskopa 1zveide integralaja mikroshéma
attalinatam macibam
Dr.Sc.Ing. Maris Terauds (projekta vaditajs)

Dr. John Liobe, M.Sc.Ing. V. Smolaninovs, M.Sc.Ing. Pauls Eriks Sics, M.Sc. Ing. Amal A. Raji, studenti : A.Jakimovics,
A. Shaji, Rincila, Mailsami, Sooryan u.c.

Fotonikas, elektronikas un telekomunikaciju institiits

2026. gada
31. marts




Projekts: 1zp-2024/1-0442
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Studenta "laboratorija majas" probléma

Pasreizéjie ierobezojumi
» Sarezgitiba: Tradicionalas galda iekartas ir apjomigas un
paredz€tas tikail universitasu laboratorijam.

» Augstas izmaksas: Standarta ierices, piem. Analog Discrovery 2
maksa ~€300, kas rada to nepieejamu studentam

» Ta biitu attalinatas macisanas barjera




Merkis: " Oscillosckops Cipa " vizija

Risinajums
v" Jaukta signala ASIC, lai sasniegtu SWaP -C (izmers, svars, jauda un
1zmaksas).

v' Integréjiet visu instrumentu kédi.

v" Tie$s savienojums ar monitoriem un datoru.

v' Mérogojams dizains macibu komplektiem.



Sistemas «Oscillosckops Cipa» arhitektura

Mikroshéma integreé analogo datu iegiiSanu un digitalo apstradi viena mikroshema.

>

V V V V V V

NolasiSanas frekvence (sampling rate): 100 MS/s
IzSkirtspéja: 14 bitu pielagots ADC dizains

Ieejas: 4 analogie kanali

Signala generators: 2 kanali

Saskarnes (interfeisi): HDMI, VGA, USB, SPI, Bluetooth
Tiesa pieeja atminai DMA

Iesp€ja saslégt vairakus Cipus kopa lai iegutu vairak kanalus.
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Daudzpusigas 1zejas saskarnes

Datora

TieSais displejs .
savienojums

Spé€j darbinat standarta monitorus USB saskarne nodroSina
tiesi, 1izmantojot VGA/HDMI, savienojumu ar datoriem
nodroSinot tulitéju signala m padzilinatai datu analizei, ekrana
vizualizaciju bez datora. uznemsSanai un pecapstradei.

D Mobila integracija

Nakotnes prasibam atbilstoSs Bluetooth
dizains, kas nodroSina bezvadu
uzraudzibu un vadibu, izmantojot mobila i

talruna lietotnes. ﬁ“’{ﬁ,
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Sistémas arhitektura

RIGA TECHNICAL
UNIVERSITY



Sistemas arhitektura

- Interface/ Design Module
Arbitrated Oscilloscope Arbitrated C] IP Developed
Memory Module Memory C]
IP on Progress

S/D RAM (Memory) VGA
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Sistémas attistiba

* Analoga dala
* Pirmspastiprinataji, ACP, CAP, Sample and Hold, Komparatori, Operaciju pastiprinataji
e.t.c.
* Prototipeésana Cadence Virtuoso, topologijas veidoSana, parazitisko parametru
izgUSana; pectopologijas simulacija.
* Ciparu dala
* Ciparu interfeisi;
* VeidoSana uz VHDL, parbaude uz fpga platém
e Cadence Genus un Innovus programmaturas.

* |P-s
* USBs, Atminas, PLL
* Dialogi ar IP razotajiem.

RIGA TECHNICAL
UNIVERSITY



Tehnologijas izvéle

e Paslaik tiek izveletas:

e TSMC 65nm GP, LP design kit
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Digital Oscilloscope

Channel 1

DIGITAL DSCILLOSCOFE
Horizontal : 2S6uscdiv
Uertical : Slzalrdiv
Frequency:  1.808kHz
Uoltage (Avg): 8,976V
oltage (Pk-Pk): 1.998U
Trigger Type: Falling

Horizontal Scale
128us div

FPGA
prototipesana(l)

Uoltage J
Witage (Pk-Fk): 1.974U

Trigger Tupe: Falling

Aparaturas ieviesana
v" Osciloskops: Funkcionali 1, 2 un

4 kanalu modeli.
v' Signala generators: darbojas 2

Freguency

Uoltage (Avg): 1.999V

Uoltage (P-P): 1.995U
Type: Falling

kanalu 1zeja.
v" Reallaika: parbaudita tieSraides

datu iegtiSana.




. v S o=
FPGA prototipesana(2) |7 =~ == -
] |
Pielagota osciloskopa lietotne Sl a5
» Reallaika vilnu formas vizualizacija. -
» Signala generatora vadiba 1o e
o e e e e e
Pogas vadiba —
» Pilniga kontrole ar sistémas izv€lni QM1 Offset

CHZ Scale :
» 4 pogas vadibai S8 B
e
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Projekta Ietekme un nakotnes perspektivas

|/” Institucionala izaugsme

@ Jaunas Integréto shému projekteéSanas grupas
izveide Rigas Tehniskaja universitate.

g Izglitojosa vertiba

i/' | NodroSinot studentiem pieejamus rikus, palielinas
222 iesaistiSanas un praktisko iemanu apgiisana.
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Paldies par uzmanibu
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Programmaturas lzmaksas:

Toolis Licences maksa Uzturésanas gada maksa

IC package 1890 Euro 1905 Euro par vienu licenci

1 pétniecibas licence

Toolis Licences maksa Uzturésanas gada maksa

IC package 710 Euro par 10 licencéem

10 macibu licences (jabut 1
pétniecibas licences)
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ASIC prototipesana MPW runs. 50 paraugi

EUR [ min area EUR [ extra area EUR / min area EUR [ extra area

TSMC 130 BCD+ (min area = 6 mm?2) 14,054
SMC 65 LP/GP MS RF (min area = 1 mm?2)
TSMC 40 LP MS RF (min area = 3 mm?2) | 21,386
TSMC 28 HPC+ RF (min area =1 mm?2) ! 10,609
TSMC 16 FFC RF (min area = Imm?2) %3 30,592

232 [ 0.1 mm?2

419 [ 0.1 mmZ

664 [ 0.1 mm?2
91919 / 0.1 mm?

2,826.96 [ 0.1 mm?2

12,554

18,386

8,509

26,592

191 / 0.1 mm?2

]

-
ra

360 { 0.1 mm
602 [ 0.1 mm?2
834 [ 01 mm?2

2,568 [ 0.1 mm?
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FPGA Prototype

e Realizets USB 1.1 interfeiss VHDL valoda, testets ar Matlab
Oscilloscope APP

* Realizéts UART interefeiss VHDL valoda prieks Bluetooth modula
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ADC dizains

* Pirmspastiprinataji, ADC, DAC, Sample and Hold, Comparators, Operaciju
pastiprinataji e.t.c.

* Prototipésana Cadence Virtuoso, topologijsas veidosana, parazitisko
parametru izglsana;
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ADC simulésana no sistémas puses

* |dealizéta ADC izveide izmantojot Verilog-A valodu
* Atsevisku bloku aizvietoSana ar istiem blokiem
* TrokSnu un citu parametru iestradasana idealajos blokos
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S&H sledzis

Transmission gate
CK

Electrons
M, -T— A

LA

Vin J- o Vout
M2>== " Aq C
T HuI:s I :
CK =
400.]

* 537.94m 389.87

F

200"

Bootstrapped switch

165 - s

= Ron

164.7 &=

1E dx:000.0m dy:286.20668m 5:318.00742m/

T T T T
0.2 0.4 . 0.6 o.e

1
10
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Pastiprinataju izveide

* ledzilinasanas gm/Id tehnologija.

IIIIIIIIIIIII
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ASIC dizains

Pareja no FPGA uz ASIC:

» Cadence Genus

»> Testa digitala sinteze

» TSMC vispargjas nozimes (GP)
» Funkcionala verifikacija

ASIC stava plana
izkartojums

Dizaina shema

RIGA TECHNICAL
UNIVERSITY



Results: ASIC Synthesis

v' Initial Test Design

v Cadence Genus

v’ Feasibility Data (TSMC 65 nm):
* Silicon Area: 1.44 mm?.
* Power: 63 mW

* Timing: Positive Slack (+5.8 ns), ready for 50
MHz operation. Can handle a faster clock if
required (now up to 70MHz)

Riga Technical University

Generated by:
Generated on:

Module:

Technology libraries:

Operating conditions:
Interconnect mode:
Lrea mode:

Genus (TM) Synthesis Solution 23.13-s5073 1
Oct 18 2025 08:31:55 pm

Digital oscilloscope

tcbnéSgpluste _ces 200

physical cells

NCCOM

spatial

physical library

Timing

Clock Period

adc _clk 2000000.0

clock 20000.0

Cost Critical Violating

Group Path Slack TNS Paths
adc clk G6585482.5 0.0 0
clock 5817.5 0.0 0
default No paths 0.0
Total 0.0 0
Instance Count
Leaf Instance Count 156518
Physical Instance count 0
Sequential Instance Count 106628
Combinational Instance Count 92890
Hierarchical Instance Count 3
Area
Cell Area 1207787.760
Physical cell Area 0.000
Total Cell Area (Cell+Physical) 1207787.760
Net Area 229468.468
Total Area (Cell+Physical+Net) 1437256.228
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Desigh Implementation

* Digital Oscilloscope . l e ‘ l | ‘ l .
» 2 Channel ! [ ! [ ! 1 | 1 ! l
> 500KSPS ADC (Built-in) [
 DSP Module (Interpolation) [ | ‘ ‘ ‘ | ‘

» Linear Interpolation

» Sin(x)/x Interpolation

* Signal Generator
> Direct Digital Synthesis e
» 2 Channel, 8-Bit DAC Out
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