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ABSTRAK

Penulis : DIDI AFFANDI
MNIM : 98.17.006

PERANCANGAN DAN PEMBUATAN GENERATOR  SINYAL UNTUK
SISTEM PENGUJI RANGKAIAN ELEKTRONIK BERBASIS
MIKROKONTROLLER AT89(C51

Generator sinyal merupakan salah satu kunci peralatan penting karena
fungsinya sebagai pembangkit sinyal. DDS (direct digital synthesis) dapat
digunakan untuk membuat function generater dengan harga vang murah dan
ukuran yang kecil. Penyusunan skripsi ini bertujuan untuk mendapatkan
perancangan dan pembuatan generator sinyal untuk sistem pengujl rangkaian
elektronik berbasis mikrokontroller AT89CS51.

Penyusunan skripsi dilakukan dengan merancang dan membuat penerator
smyal untuk sistem penguji rangkaian elektronik berbasis mikrokontroller
AT89C51. Perancangan dan pembuatan melipmi hardware dan sollware.
Hardware meliputi komponen pembangkit sinyal berbasis DDS (Direct Digital
Syntesis), keypad, DAC R2ZR tipe ladder. Bahasa pemrograman yang digunakan
di computer adalah bahasa Delphi. Hasil pembuatan alat diuji coba untuk
mengetahul kinerja system yang telah dirancang. Uji coba dilakukan dengan
melakukan pengujian terhadap rangkaian elektronik,

Hasil pengujian menunjukkan bahwa sistem dapat bekerja dengan baik.
Bangkatan DAC sudah akurat, tetapi hasil pengukuran menunjukkan tingkat error
rata-rata 0,08%. Dari hasil pengujian alat, bentuk gelombang sinusoidal masih
belum sempurna karena tidak melalui proses filter. Karena keterbatazan
mikrokontroller AT89C51, sistem ini hanya akurat untuk frekuensi tertentu.
Generator  sinyal  untuk  sistem penguji  rangkaian  elekiromik  berbasis
mikrokontroller AT89CS51 telah berfungsi tetapi masih  memerlukan
penyempurnaan lebih lanjut.
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BAB1

PENDAHULUAN

1.1. Latar Belakang

Pemakaian feknologi elektronika sangat luas dalam kehidupan manusia
sehari-hari, baik di skala rumah tangga maupun di dunia industri. Salah satu
teknologi elektronika yang berkembang pesat saat ini adalah teknologi sinyal
audio. Sinval audio banvak digunakan di bidang telekomunikasi seperti telepon,
pertelevisian, radio dan lain-lain.

Generator sinyal merupakan salah satu kunci peralatan penting karena
fungsinya sebagai pembangkit sinyal. TH dunia elektronik function generator
sudah tidak asing lagi. Akan tetapi karena harganya sangat mahal. DDS fdirect
digital synthesis) dapat digunakan untuk membuat furcfion generator denyan
harga yang murah dan ukuran yang kecil.

System DDS (Direct Digital Synthesizer) merupakan sebuah teknik
pemrosesan data digital untuk membangkitkan frekuensi secara langsung. Inti
dari system ini adalah arsitektur akumulator dengan resolusi mencapai mili Hertz
dan frekuensi sinval vang dihasilkan dapat diatur tergantung dari sinyal frekuensi
referensi dan mctode perancangan Keluaran sistem DDS yang diproses oleh
Mikrokentroler berupa sinyal digital kemudian menjadi masukan untuk DAC
(VA converter) untuk menghasilkan sinyal sinusoidal, kotak dan segi tiga yang

sempurna.




2. Rumusan Masalah
Bumusan masalah dalam penyusunan skripsi im adalah bagaimana
perancangan dan pembuatan generator sinyal untuk sistem penguji rangkaian

elektronik berbasis mikrokontroller ATR9C51.

3. Tujuan
Tujuan penyusunan skripsi ini adalah merancang dan membuat generator
sinyal untuk sistem penguji rangkaian elektromk berbasis mikrokontroller

ATB9CSH1.

4. Batasan Masalah
Agar penyusunan skripsi ini lebih terarah maka perlu dilakukan
pembatasan masalah. Adapun batasan masalahnya dalam hal ini adalah :
1. Mikrokontroller yang digunakan adalah mikrokontroller AT89CS1,
2. Generator sinyal yang dirancang adalah generator sinyal berbasis Direct
Digital Synthesis (DDS).
3. Input data yang digunakan dalam pengujian sistem berbentuk sinyal audio.

4. Tidak membahas rangkaian elektronika yang diuji




1.5. Mectode Penclitian
Metade penyusunan skripsi ind adalah :
1. Studi literatur untuk mendapatkan teori-teori yang sesuai,
Yaitu aktivitas mengumpulkan referensi atau teori-teori yang sesuai dari buku-
buku atau sumber internet.
2. Perancangan generator sinyal.
Dalam hal ini dibahas tentang langkah-langkah perancangan sistem, blok
diagram dan spesitikasi komponen sistem.
3. Pembuatan alat.
Yaitu aktivitas pembuatan sistemn yang telah dirancang,
4. Pengujian sistem.
Yaitu aktivitas pengujian sistem untuk mendapatkan kinerja sistem yang telah
dibuat.
5. Kesimpulan.

Yaitu ringkasan seluruh hasil perancangan, pembuatan dan pengujian sistem,

L.6. Sistematika Penulisan
Sistemnatika penulisan skripsi ini adalah :
BAB [ PENDAHULUAN
Membahas tentang latar belakang, rumusan masalah, tujuan, batasan
masalah dan sistematika penulisan,
BAB Il TINJAUAN PUSTAKA

Membahas teori-teori yang bersesuaian dengan topik skripsi ini.




BAB [1l PERANCANGAN, PEMBUATAN DAN PENGUIJIAN ALAT
Membahas proses perencanaan, pembuatan dan pengujian alat,
BAB IV PENGUILAN SISTEM
Membahas kinetja alal yang telah dirancang dan dibual sera dianalisa
berdasarkan hasil yang diperaleh.
BAB V KESIMPULAN

Yaitu ringkasan hasil perancangan, pembuatan dan pengujian alat.
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BABII

TINJAUAN PUSTAKA

2.1, Pendahuluan
Bab ini menjelaskan tentang pembangkitan smvyal, Direct Digital

Synthesis, Mikrokontroller ATE9CS1 dan DAC R2R ladder.

2.2. Pembangkitan Sinyal

Sinyal merupakan bentuk input yang banyak dibutuhkan dalam dunia
clektronika misalnya media telekomunikasi. Hal ini menyebabkan perkembangan
peralatan yang berfungsi sebagai pembangkit sinyal. Pembangkitan sinyal
merupakan salah satu aplikasi teknik elektronika yang banyak digunakan,

Pembangkit sinval (signal generator) adalah instrumen elektronik yang
menghasilkan gelombang sinus yang kontinu. Instrumen ini juga sering disebut
sebagai fest signal generator, lone generator untuk peralatan audio, pembangkit
gelomhbang atau pembangkit frekuensi.

Gelombang yang dibangkitkan dapat berupa gelombang analog maupun
gelombang digital Instrumen ini umumnya digunakan untuk perencanaan,
pengujian, froubleshooting, dan perbaikan komponen clektronik, Sebuah
oscillator elektronik digunakan untuk membentuk gelombang vang dibangkitkan,
Gelombang yang umum digunakan adalah gelombang sinus. Jenis-jenis

gelombang lain yang juga digunakan adalah segitiga atau kotak.




2.3. Direct Digital Synthesis

Direct Digital Synthesis adalah sinyal generator tipe function yang banyvak
digunakan saat ini. Generator sinyal ini merupakan suatu metode untuk
menghasilkan gelombang berbentuk analog (umumnya gelombang sinus) dengan
cara membangkitkan sebuah sinyal berbasis perubahan waktu dalam bentuk
digital dan kemudian diproses dengan sebuah konverter digilal ke analog (Digital
Anglog Converter = DAC). DDS juga sering disebut sebagai oscilator yang
dikontrol secara numerik atau disingkat NCO (mmerically controlled oscilator)

DDS pada awal perkembangannya hanya terbalas pada pengaturan
amplitudo dan frekuensi sebuah pelombang sinus. DDS memberikan peluang
untuk dikembangkan dalam aplikasi yang lcbih luas, Saat ini, generator sinyal
berbasis DDS memungkinkan untuk didesain dalam area frekuensi yang lehih
luas, level output vang terkalibrasi, variasi bentuk gelombang, mode modulasi,
koneksi dengan komputer dan lain-lain.

Svstem DDS (Direct Digital Synthesizer) merupakan sebuah teknik
pemroscsan data digital untuk membangkitkan frekuens: secara langsung. Inti
dari system ini adalah arsitektur akumulator dengan resolusi mencapai mili Herlz
dan frekuensi sinyal yang dihasilkan dapat diatur tergantung sinyal frekuensi
referensi dan metode perancangan. Keluaran sistem DDS yang diproses oleh
mikrokontroler berupa sinyal digital kemudian menjadi masukan untuk DAC (L4
converter) untuk menghasilkan sinyal sinusoidal, kotak dan segi tiga yang

sempurna.




Semua parameter kontrol sistem DDS berada dalam bentuk besaran
digital. Sistem DDS pada dasarnya terdiri atas akumulator phasa, LUT (Look Up
Table), dan osilator sebagal pembangkil frekuensi referensi felock). Sedangkan
DAC (digital to Analog Converter) merupakan komponen-komponen penunjang
sistem DDS.

Kelebihan penggunaan sistem DDS adalab Karakteristik sistem DDS itu
sendiri, dimana keutamaan dari sistem ini adalah memiliki settfing #me /
kecepatan yang cepat dan memiliki resolusi frekuensi yang halus terhadap
frekuensi keluaran, operasi atas suatu spektrum frekuensi yang lebar dan dengan
kemajuan dalam disain teknologi proses, serta sangat ringkas dan membutuhkan
sedikit daya. Sehingga sangat memungkinkan sistem DDS bisa lebih
dikembangkan untuk disain alat yang berkaitan dengan aplikasi-aplikasi frequency
hopping serta sistem-sistem yang berkaiatan dengan peralatan pemancar radio, TV,

peralatan test, dan lain-lain.

Gambar 2.1 : Contoh tampilan DDS [11]




2.4. Prinsip Dasar DDS

Secara sederhana, sebuah DDS dapat digambarkan scbagai scbuah sistem
vang terdiri dari sebuah penunjuk waktu referensi yang presisi (precision
reference clock), sebuah penghitung alamat (address counter), sebuah PROM
(programmable read only memory) dan dan sebuah konverter digital ke analog

(14 converter). Sistem ini dapat dilihat pada gambar berikut ini

P e
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Gambar 2.2 ; Skema DDS sederhana [1]

Dari gambar di atas, informasi amplitudo digital yang berhubungan
dengan scbuah gclombang sinus disimpan dalam PROM. PROM dalam hal ini
berfungsi sebagai tabel penyimpan gelombang sinus tersebut. Address couniter
mengakses setiap lokasi memori PROM dan isinya (dalam hal ini gelombang
sinus) dan ditampilkan ke konverter digital ke analog. Konverter imi selanjutnya
membangkitkan sebuah gelombang sinus sebagai respon terhadap input digital
dari PROM. Frekuensi keluaran dari sistem DDS di atas tergantung pada :

1. Frekuensi reference clock
2, Ukuran gelombang sinus yang diprogram ke dalam PROM.
Frekuensi output hanya dapat dirubah dengan merubah frekuensi reference clock

atau dengan memprogram ulang PROM.




2.5. Penggunaan Memori DDS

Generator fungsi  (function gemerator) menggunakan DDS  untuk
membangkitkan sinyal periodik pada frekuensi tertentu dengan memilih sampel
dari memori daripada membangkitkan semua sampel dari sebuah gelombang,
Kcbalikannya, pembangkit gelombang arbitari (arbiteey waveform generaior =
AWG) membangkitkan setiap sampel sebuah gelobang yang tersimpan ke dalam
memori, Sementara AWG memperbolehkan penggunanya untuk mendefimsikan
secara khusus sebuah gelombang yang sedang dibangkitkan, terdapat batasan
dalam keakuratan frekuensi yang dapat dicapai, khususnya pada frckuensi tinggi.
llustrasi bagaimana sebuah penerator fungsi dapat membangkitkan schuah
gelombang sinus 21 MHz dapat dilihat pada gambar 2.3, meskipun frekuensinya

bukan merupakan jumlah langsung dari kecepatan sampelnya,

; | o I..__ _=|J .-"._
i R b
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i
1 %TIB

i "'-__ P _'-' ) A
W asararan hhemey Y | L | e
=
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%

Gambar 2.3 ; Pembangkitan gelombang sinus 21 MHz dengan DDS [6]

Dari gambar di atas terlihat bahwa frekuensi gelombang sinusnya bukan
merupakan pembagi dari kecepatan sampelnya Akibatnya, membangkitkan
gelombang tersebut akan sulit dengan menggunakan AWG pada 1,00 MS/s.

Generator fungsi menggunakan DDS untuk menyimpan 16.384 sampel




gelombang dalam memori. Untuk setiap siklus waktu, sampel yang scsuai dipilih
dari tabel memor dan kemudian dibangkitkan, Hasilnya, sebuah sinyal dapat
dibangkitkan pada frekuensi yang akurat bersamaan dengan pengirimannya ke

konverter digital-analog (DAC) dengan frckuensi konstan sebesar 100 MHz.

2.6. Mikrokontroller AT89C51

Mikrokontroler ATSSCS1 ialah mikrokomputer CMOS 8 bit dengan 4KB
Flash Programmable dan  Frasable Read Only  Memory (PEROM),
Mikrokontroler berteknologi memori mon volatile kerapatan tinggi dari Atmel ini
kompatibel dengan mikrokontroler  standar industri  MCS-51  (seperti
mikrokontroler 8031 yang terkenal dan banyak digunakan beberapa wakiu latu)

baik pin kaki 1C maupun set instruksinya serta harganya yang cukup murah.

Gambar 2.4 Mikrokontroller AT89C51 [4]

ATROCS51 mempunyai memori yang terdiri dari RAM internal 128 byte
dengan alamat O0H-7FH dapat diakses menggunakan RAM address register.
RAM ini terdiri dari Register Banks dengan 3 buah register (RO-RT).Memori lain
yaitu 21 buah Special Furction Register dimulai dari alamat SOH-FFH. RAM ini

beda lokasi dengan Flash PEROM dengan alamat 000H -7FFH.

10




2.6.1. Arsitektur ATS89C51

EXTERMAL
INTERFLIFTE
ETC.
ONLCHIE -
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CONTROL o M

L el |

td [T

OB

Gambar 2.5: Arsitektur mikrokontroller AT89C51 [10]

Untuk penghematan power dalam CMOS, mikrokontroller Flash Atmel memiliki

2 software untuk mengatur power mode yaitu ;

1. TIdle mode.
CPU dimatikan sementara RAM dan peripheral chip lainnya tetap beroperasi.
Dalam mode ini, arus listrik berkurang sekitar 15% dibanding jika CPU dalam
kondisi aktif,

2, Power down mode.
Semua chip tidak diaktifkan sementara chip RAM tetap menahan data. Dalam
modec ini, peralatan memerlukan kurang dari 15 pA dan bahkan dapat

serendah 0,6 pA.




Sebagai tambahan, peralatan ini didesain menggunakan logika statis yang tidak

memerlukan clocking terus-menerus. Frekuensi clock dapat dipelankan atau

bahkan dihentikan sementara menunggu untuk aktivitas internal.

24484440 424KL0s
rYYEYYy iiii*.}iil

[ FOR1 X GR%ERT

1
]EF@J—{ o fl':&%;f B | | o
4

PRICRAR

ST
L RS

1|||_‘|FE:' | -

“ELFFER

Yy

:

13
TR emmion
semia | FEEEER

[ ecer s omums | I-—.! AORT 4 DAKERS
]

[EXEXEEX) [ r
Fd YYEETEY Y

1|.-ﬁ—|p b & E R R
PG - Mi F1o- F3T

Gambar 2 .6: Blok diagram ATS9CS51 [10]

Mikrokontroller ATE9CS51 memiliki ciri standar sebagai berikut |

I. Flash 4K bytes.

2. RAM 128 bytes
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3. 32 1O hines

4. Dua buah timer/counter 16-bit

5. Interupsi 2 level sebanyak S vektor,

6. Full duplex serial port.

7. On-chip ascilator dan clock circuitry.
Sebagai tambahan, mikrokontroller ini didesain dengan logika statis untuk operasi
sampai frekuensi nol dan mendukung dua perangkat lunak yang dipilih dalam
kondisi power saving mode. 1dle Mode dapat menghentikan CPU sementara

RAM. timer/counter, serial port dan sistem interupsi tetap berfungsi.

2.6.2. Konfigurasi Pin

PiaigT KT R e
(RS B g G (AR
P1.2133 AR TPD A
Lk B ] A7 2 (adey
Fi4s AP T AT
Ll PO o ) A |t AR
= Z I e A3 S ADE)
o B 11 wd r P D
(10 S Al e Yiadl?y
Rl PERal) ai [REAVTP
(TR PR T e A ALE PG
(T 2 {12 2l AFSER
MFTT el |ia sabibe 7 m1%
[1im P ] 14 P PAT LA
T PLED I P TS Y
W s T 2540 PR g
TR o RV 2a PR AT
XTALY ] 18 2a|5PE 2 mMaTy
wTALAL (7] vir procl RN L R
GNEE T A0 £ 0T P AR

Gambar 2.7: Konfigurasi pin AT89C351 [10]

Deskripsi tiap pin AT83CS1 :
1. VCC,

Suplai tegangan
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2. GND.
Ground.

3. Port
Pori O adalah sebuah open-drain bi-directional I'Q port 8 bit. Setiap pin dapat
menerima 8 input TTL. Ketika nomor 1 menulis data ke pin port 0, pin-pin
tersebut dapat digunakan sebagai input impendansi tinggi, Port O juga dapat
dikonfigurasikan menjadi multiplexed alamat atau data orde rendah saat
mengakses program eksternal dan memori data. Pada mode ini, port O
memiliki internal pull up. Port 0 jupa menerima kode bytes sclama
pemrograman Flash, dan mengeluarkan outpui selama vernifikasi program.
Eksternal pull up diperlukan selama verifikasi ini.

4. Por |,
Port 1 adalah scbuah port bi-directional I/O 8 bit dengan internal pull up. Fort
1 mengeluarkan atau menerima 4 input TTL. Port 1 juga menerima alamat
berorde bytes rendah selama pemrograman Flash dan verifikasi.

5. Port 2
Port 2 adalah sebuah pert bi-directional I/Q 8 bit dengan internal pull up. Port
2 mengeluarkan alamat berorde byte tinggi dari memori program eksternal dan
celama mengakses data memori menggunakan alamat 16 bit (MOVX
@DPTR). Selama mengakses memori data eksternal yang menggunakan
alamat 8 bit (MOVX@RI), port 2 mengeluarkan content dari P2 Special
Function Register. Port 2 juga meerima alamat berorde bit tinggi dan beberapa

sinyal kontrol selama pemrograman Fiash dan verifikasi.
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6. Porl 3.

7.

8

Port 2 adalah sebuah pont bi-directional I/ 8 bit dengan intermal pull up. Port
3 juga menyediakan fungsi-fungs: khusus berikut :

Tabel 2 1 ; Fungsi khusus port 3 mikrokontroller AT89C51 [10]

Port Pin Alernate Funcltions
P30 XD (serial Biput port]
F31 TED iseqial outpul port;
P32 TNTT texternal Intarrupt D)
[ Faz | TNTT ieanal imerrugt 1)
F3.4 TO fhimer 0 external inpufj
F3.5 T1 thirner 4 exdern] oput)
R3.f WR tewsernal data memony wiite smobe]
P37 RD {esternal data memory read sirobs)

Port 3 juga menerima beberapa sinyal kontrol selama pemrograman Flash dan
verifikasi.
RST.

Input reset.

ALE/PROG

Address Latch Enable megeluarkan pulsa untuk mengunci byte rendah dari
alamat selama mengakses memori eksternal. Pin ini juga merupakan input
program pulsa selama pemrograman Flash, Pada operasi normal, ALE
mengeluarkan data pada laju tetap sebesar 1/6 frekuensi osilasi dan dapat
digunakan unwk timing eksternal atau tujuan clocking.

PSEN

Program Store Enable adalah unit pembaca untuk program memori eksternal
Ketika AT89CS51 menerima kode dari program eksternal, PSEN diaktifkcan

dua kali tiap siklusnya, kecuali aktivasi ini dimatikan.
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10. EA/VPP.
External Access Enable. CA harus dihubungkan pada GND agar perangkat im
dapat menerima kode dari memori program eksternal yang lokasinya mulai
0000H sampai FFFFH. EA harus dibubungkan dengan Vee untuk cksekusi
program internal. Pin ini juga menerima tegangan |2 Volt (Vpp) selama
pemragraman Flash untuk komponen yang membutuhkan tegangan terscbut.

11. XTALL
Berfungsi untuk input pada inverting oscillator amplifier dan internal clock
operating circuit.

12, XTALZ

Berfungsi untuk cutput pada inverting oscillator amplifier.

2.6.3. Program Memori
Mikrokontroller ATS9CS1 memiliki ruang alamat yang terpisah untuk

program memori dan data memori. Program memori dapat berukuran Ichih dari 64

kilo byles.
mr FFFF
ADEET S
ENTERNAL
B A el
EXTEAMAL
[ p——
e 1
Al !
GrFF E
&+ REWTESR |
INTERMAL
rema b i)

(Gambar 2.8 : Program memori AT89C51 [10]
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Gambar 2.9: Data memori AT89C51 [10]

2.6.4. PSW (Program Status Word) Register

PSW berisi bit status yang menunjukkan kondisi arus dalam CPU. PSW
terdiri dari Carry bit, auxiliary carry, 2 bank register select bits, overflow flag,
narity bit dan 2 status flag pengguna, Carry bit berfungsi sebagai operasi aritmetik
dan sebagai accumulator untuk sejumlah Boolean. Bit RS0 dan RS1 memilih satu
dari 4 bank register. Sejumlah instruksi mengacu pada lokasi RAM sebagai RO
melalui R7. Status dari RSO dan RS1 bit pada waktu eksekusi menunjukkan bank
register mana vang dipilih Parity bit merefleksikan sejumlah 1s pada
accumulator. P=1 jika accumulator berisi scbuah angka ganjil dari 1s dan P=0 jika

berisi sebuah angka genap dari ls. Sehingga, jumlah dari 1s di accumulator

ditambah P selalu genap.
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Gambar 2.10 ; PSW register [10]

Tabel 2.2 - Nilai RSO dan RS1 [10]

RS RS0 Reqlser Bank Address
o o o RH-OTH
D 1 1 DAH-IFR =
1 4] = l:? I B FHATH
1 1 1 16H-1FH

2.6.5, Oscillator

AT89CS1 memiliki sebuah on-chip oscillalor yang dapat digunakan

sebagai sumber clock untuk CPU, Chip ini dihubungkan dengan resonator kristal

atau keramik antara pin XTAL1 dan XTAL2 dan dihubungkan dengan kapasitor

ke ground. Pembangkit clock internal mendefinisikan tahapan kondisi saat

mikrokontroller melakukan siklusnya.

LLARTE CRTETAL
GA CERAND
EEChATON

it

MERECONWTROLLER

ETALZ

ALY

k MO

Gambar 2.11 - Koneksi oscillator [10]
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2.6.6. Interupsi
ATB9CS1 memiliki 5 sumber interupsi yaitu 2 interupsi eksternal 2
interupsi timer dan interupsi senal port,
1. Interrupt Enables.
Setiap sumber interupsi secara individual dapat dijalankan atan dimatikan
dengan mengatur bit Interrupt Enable (1E) di SFR. Register ini juga terdiri
dari sebuah global disable bit, yang dapal mematikan semua interupsi
secara bersamaan.

Tabel 2.3 : Interrupt Enable Register [10]

4S5 LS8}
[ea] — ] —Jes[em|ea]em]ex|
Enable bit = 1 anbles the rtemgt

Enabla bil = 0 dmalies il
Symirod Position  Function

E& E.7 Drzablas afl iptermups FEA =D, po
Interrupd Wi be aclnowlegged. HE~= 1,
eath [srurt sourse is Indnddualty enatked
or dicaced | BETHNg OF clearing fis enakle
bz

— iEs resgrved.”
P IER ressrved.”

ES IEa Senal 2ot Imemupt snable bit.
ETY IE.3 Tavier 1 Overfiow Interrugd enabies bl
Ex IE2 Ewternal Interrupt 1 enble bt
ET0 €1 Trner O Orverflow Intsmmust enabile it
Exl 1EQ Eviernal intermup: O enalie b

"These reservad s are used in ather Atrmel ricracontaliens.

2. Interrupt Priorities,
Setiap sumber interupsi juga dapart diprogram secara individual untuk satu
atau 2 level prioritas dengan mengatur bit Interrupt Priority (IP). Interupst
low-priority dapat diinterupsi dengan interupsi high-priority tetapi tidak

dengan low-priority yang lain.
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Tabel 2.4 : Interrupt Priority Register [10]

(M58 1LSB}
[— ] — ] —[es[epri]pxt|rm]rao]
Priasty bif = 1 azsigne hgh pronty

oty W= 0 assions o aiaity.
Symmbol Position  Fukction
= =) TeserTeen
—_ IFE resorel”

i =45 reserved

F= I Serial Part Bemupt prerky bit
PT1 [1=}1 Tmer 1 inbernuat pricrity ki,
FxE] =g Evterna; imemupt 1 ooty .
FTO P Timer O Interrgd prioveys o
Pt R Extsmal Interrupt O priority bit.

"These reserved bite are used m other AFne MICrOCOTnoters.

2.5.7. Timer/Counter

1. TCON : Timer/Counter Control Register (Bit Addressable).

| ™ w | | o | | m | D
TF1 - Timer 1 averflow flag

TR1 : Timer 1 run control bit

TFO - Timer 0 overflow flag

TRO - Timer ¢ control bit

IEl : Internal Interrupt edge flag

IT1 - Tnterupsi 1 tipe control bit

IEO : External Interrupt 0 edge flag

ITO - Interupsi 0 tipe control bit
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2. TMOD : Timer/Counter Mode Control Register (Not Bit Addressable)

Tirmer 4 Tamer o

| sare

ot | wmi ] wme L I

Mo

GATE

Ml

MO

: Jika TRx (di TCON) diatur dan GATE = 1, timer/counterx

beroperasi hanya jika pin INTX kondisi high

: Timer atau counter selector
 Mode selector bit

: Mode selector bit

Pengaturannya adalah sebagai berikut -

Tabel 2.5 | Pengaturan TMOD [10]

L L L]

COperating More

o 18 TTrer

V- | e ounler

2 Bt Aut-Rakoad] TaweriCounter

1 E-ph‘:TmEl'#odc:tTnHD:Mhiantﬁmn*’.‘mmhe-rmntdf:uby?eyundntmﬁu
contr bits, TH® in an B-biit Tirnar nrd & compolisd oy Timer 1 contnal ois,

3 TTirmer 1) Tared parter 1 ewmoped

3. Timer Set uap

Tabel-tabel berikut menunjukkan nilai TMOD yang dapat digunakan untuk

mengatur timer Q0 dalam mode berbeda. Diasumsikan bahwa hanya satu timer

yang digunakan pada satu waktu. Jika timer 0 dan 1 harus bekerja bersama-

sama (simultan) maka nilai TMOD untuk timer 0 harus ORed dengan nilai

yang ditunjukkan oleh timer 1. Misalnya, jika timer 1 bekerja di mode GATE

(kontrol eksternal) dan timer 1 harus dijalankan pada mode 2 Counter maka

nilai yang harus dimasukkan ke dalam TMOD adalah 69H.
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Tabel 2.6 . Timer/Counter O digunakan sebagai Timer [10]

MODE TIMER 0 TMGD
FURCHON INTERMAL | EXTERNAL
CONTROL | CONTROL™!
Y 1244 Timear aoH 08H
: 16-0it Timer G1H coH
2 E-hit Aurip-Redoad &32H oAH
rwo &-hit Timers G3H JBH

Tabel 2.7 ;: Timer/Counter  digunakan scbagai Counter [10]

MODE TMERO | TMOD T
FUNLEON INTERNAL | EXTERNAL
CONTROL" | CONTROLM
0 13-hi: Tirmer 04H ocH
1 1501 Timer 0aH oCcH
2 | 20t AsoReioad CoH CEH
3 ane B-hit Counier orH aFH

Tabel 2.8 : Timer/Counter 1 digunakan sebagai Timer [10]

MODE TIMER 1 TMOD
FUNCTION  [\NTERNAL | EXTERNAL
CONTROL" | CONTROL:
0 13-l Timer 00H 20K
1 16-5it Timer 10H S0H
2 | ahbitAumo-Reioad 20H AOH
3 does notrun 30H BOH

Tabel 2.9 : Timer/Counter 1 digunakan sebagai Counter [10]

Pl s FERmET B
MODE COUNTER 1 TMOD
FUNGHOR INTERNAL | EXTERNAL
CONTROL'™ | CONTROL™
o 13-Bit Timer 40H COH
4 16-bit Tener 50H DOH
2 a-hi Aure-Reload 60H EOH
3 not availatie - —
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2.7. Digital Analog Converter

DAC (Digital to Analog) adalah piranti pengubah sinval digital menjadi
sinyal analog. DAC memiliki arsitektur vang bervariasi, antara lain DAC R2R
ladder dan DAC PWM (1 bit). DAC R2ZR ladder merupakan bentuk yang paling
sederhana dari IC DAC vang banvak beredar di pasaran. DAC ini terdin atas
resistor vang dipasang berbentuk tangga. Nilai resistor yang dipergunakan adalah
R dan ZR.

Dengan memberikan nilai digital (biner) pada masukannya, akan diperoleh
nilai analog yangs sesuai pada keluarannya. Kelinieran dari DAC mi bergantung
pada ketepatan nilai resistor yang digunakan. DAC ini biasanya memiliki offset
(nilai digital O tidak memberikan nilai analog 0 V) serta nilai fullscale (tegangan

analog maksimum),

PO =7

POT - oot

Gambar 2.12 ; Rangkaian R-2R {2]
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BAB 111

PERENCANAAN DAN PEMBUATAN ALAT

3.1. Pendahuluan
Pada Rah 11 telah dijelaskan berbagai teori penunjang vang digunakan
dalam perancangan sistem dalam skripsi ini. Selanjutnya tahap-tahap perencanaan
seluruh sistem. Sebagai acuan awal maka digunakan spesifikasi dasar perencanaan
system, Adapun sistem yang direncanakan didasarkan pada beberapa spesifikasi
sebagai berikut :
a. Menggunakan mikrokontroller AT89C51 wvang difungsikan sebagai
pembangkit sinval berbasis DDS.
b. Konversi data atau sinyal digital menjadi data analog menggunakan DAC
jenis ladder (R2ZR).

c. Perintah kepada mikrokontroller dilakukan dengan keypad.

3.2, Blok Diagram Sistem

ADC 0820 pPC

k. i

L

RANGKAIAN - DDS ;
ELEKTRONIK DAC R2R MIKROKONTROLLER KEYPAD

3

F

RUANG LINGKUP SKERIFSI

Gambar 3.1 - Blok diagram sistem




Fungsi dari masing-masing subsistem pada blok diagram di atas adalah

schagai berikut |

L

4.

Keypad.

Untuk memberikan perintah pada mikrokontroller, terdiri dari tombol-tombel

PC.

Start berfungsi untuk memulai proses membangkitkan signal setelah
pengesetan frekuensi dilakukan

Reset berfungsi untuk menghentikan proses pembangkitan frekuensi

Up berfungsi untuk menambahkan nilai frekuensi pada waktu seiting
[own berfungsi untuk mengurangi nilai frekuensi pada waktu serfing
Mode! berfungsi untuk menentukan kenaikan step mlai frekuens:

Mode? berfungsi untuk memilih / menentukan ourput gelombang

Digunakan sebagai unit yang mengontrol atau memberikan perintah pada

mikrokontroller.

Mikrokontroller ATS89CS1,

Mikrokontroller dalam system ini memiliki 2 fungsi yaitu sebagai DDS atau

pembangkit sinyal dan pengontrol gerakan motor stepper,

DAC.

Komponen ini berfungsi untuk merubah sinyal digital ke dalam bentuk analog.

Jenis DAC vang digunakan dalam hal ini adalah jenis ladder.
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3.2, Perencanaan Perangkat Keras
3.2.1. Perencanaan Mikrokontroller AT89C31
3.2.1.1. Sistem Minimum Mikrokontroller AT89C51

Pada rangkaian ini komponen utamanya adalah unit Mikrokontroler
ATB9C51, Komponen ini merupakan sebuah ¢hip tunggal scbagai pengolah data
dan pengontrolan alat yang tidak memerlukan memori luar. Kristal yang
digunakan untuk mengoperasikan mikrokontroler adalah 12 MHz. Penggunaan
kristal 12 MHz menyebabkan detak dalam pada mikrokontroler menjadi 12 Mhz /
12 = 1 MHz, yang artinya setiap periode detak waktunya 1 mikrodetik, sehingga
memudahkan uniuk mengubah-ubah data pada penggunaan pewaktu karena

periode detak pewaktuannya tidak ganjil,

3.2.1.2. Koneksi Dengan CPU

Semua mikrokontroller Atmel Flash memiliki sebuah oscillator on-chip,
vang dapat digunakan sebagai sumber clock unwk CPU. Untuk menggunakan
chip ini, resonator kristal atau keramik dihubungkan yaitu antara pin-pin XTAL1
dan XTAL? di mikrokontroller. Kapasitor selanjutnya dihubungkan ke ground
seperti pada gambar berikut !

FLASH
MICROCONTROLLER

. MTALS

CLAFTE CRYETAL. - - 4
ORCERAMIC % J:_ ol
RESOMATOR

XTALY
+—| a0

Gambar 3.2 : Penggunaan oscillator on-chip [10]
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Cara mengendalikan clock dengan oscillator cksternal dapat dilihat pada
gambar beriku

i)
—I—— XTaLx

T
—i ¥TALT

[+

— GO

Gambar 3,3 ; Koneksi oscillator [10]

Pembangkit ¢clock internal mendefinisikan kondisi tahapan mikrokontroller

dalam melakukan sato siklus,
HWE —————{ X¥7ALX
ExTCRMAL
QST AT ETALY
SHGEMAL
_r— =0

Gambar 3.4 : Konfigurasi clock drive eksternal [10]

3.2.1.3. Timing Diagram

Setiap siklus pada mikrokontroller AT89CS1 terdiri dari tahapan 6 kondisi
yang diberi nomor S1 sampai 56. Setiap kondisi waktu ditahan untuk dua periode

oscillator, Maka dari itu, satu siklus menahan 12 periode oscillator atau 1 ps jika
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frekuensi oscillatornya sebesar 12 Mllz. Setiap kondisi dibagi dalam Phase 1 half

dan Phase 2 half,
gy | &ex | &3 ] g4 | ee | e s | Ex]es | s ]| es| s ] s
- Bq R2lRq F2ER PPt P2 PolRa PPl Palpy =zl Pl B2|Pd Pl B ER|mam
;xT’#LE}
; e — ]
aE 7] : = 1 : .}_[

] [ |
i = i t
: READPCOLE gy !
i OPCOLE READMEXT CONONFE £0AK - |
i (THSCARD: { i
e Wi . - ]
T s s=[S[ess]s ] !
|
A e, 1-cyche Instrution. g, NG A !
REAC DRCODE !
READ 2ME | e - |
i et , r FEAD HEXT OBCODE |

————— | s
RS R EE AT . E

o

iE T-bvie. f-spda inetiasion. .9, A00 & 03t i 1
o T REAG NEXT I

: SPECOE aGAN
1

| l— READ OPCODE CACCDE | USCARD, i e

T Twmls]lnlxls]ls 51i5:1__§3|m|ssﬁsﬁ______:
iCH Tbyte, Jyois ir!:u;'utt'v:u'-: ag. INC DPTR I
1 READ READHERT HD WO READ MEXT
CFCODE OFCODE DISCARDI |FETCH N0 FETCH  GRSSDE,
(AR [ALE A4
S T N T S I T T 0
T B 1 e, Do) | LD2R | DATA :
] - —— e T e e — L
i i
i ACCESS EXERNAL MERORY -

Gambar 3.5 : Tahapan kondisi mikrokontroller AT892C51 [10]

Gambar di atas menunjukkan tahapan eksekusi pada kondisi-kondisi dan
fase-fase untuk berbagai jenis perintah. Umumnya, dua program eksekusi dapat
dijalankan selama setiap siklus, bahkan jika perintah yang sedang dijalankan tidak
memerlukan hal itu. Jika perintah sedang dijalankan tidak memerlukan bit kode
tambahan, maka CPU akan mengabaikan perintah tambahan dan Program Counter

tidak ditambahkan.
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Eksekusi perintah satu  siklus dimulai pada State 1 dari siklus
mikrokontroller, ketika opcode dimasukkan ke dalam Instruction Register.
Eksekusi kedua terjadi pada S4 di siklus yang sama. Eksekusi akan selesai pada

alkchir State 6 dan siklus 1m.

CHE KMaCHIME OME WMaZHIMNE > |
TICLE CHILE
51'52!E!|34|‘:‘,5l55 E'ESElE‘&{B—'lﬁﬂlﬁz

B 3 ! : .|' =+ _}
SR [l H 0] T | e
R H i : TR WIITHOUT A
i : H i i MO
P2 PCH oW IFSHOUT 3 1 PSHGUT 3 PoHOUT E:-:l-:u.-r ){;_-!-l_:_—_':.u'r
i . i ; He
Ro =T ST EE DO B0 B i B
: 1 i i H
L PCL DUT L FOL OUT T_ FELDL™ T_ FOLCu™ T_ FCL OUT
wALID AL FALD AL wal o
CYTLE 1 = '1 CYCLE 3 4_5‘
:—:1|:.—:z|‘_1‘:d.l:54|'-5-fia-ﬂ 31|32|33|54|?‘-'l|5u
ALE | L"" I ‘I :
1
[] [] T
PIER i - : o ; i8]
ey : == [ 1 WATH A
: ' ' MCHK
1

Pz POH oLl =, | Por T M, OFH DT DR P Ut FCH GUT }{F’f'- ouT
L4

N 4

2

oG

= X —
LT, Ty TN T

| PLCLOLT l L0OCR SUT l ACL aUT

Akl HALID w2l

Gambar 3.6 : Siklus yang dieksekusi dari program memory eksternal | 10]

3.3. Perencanaan DAC
Sistem ini menggunakan DAC yang terdiri dari kumpulan resistor yang
disusun menjadi bentuk ladder. Gambar rangkaian DAC N bit sederhana dapat

dilihat pada gambar berikut
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Gambar 3.7 : Skema rangkatan DAC N bit [11]

Tepangan keluaran rangkaian DAC di atas adalah :

b, ot
8 2]

:»’,,.-—R.f b QOB
R 1R AR 27

bi¥srr DV are  InFagr byFarr | = Re R
LY + -+ + — LT hia | ol I' '|'
E 7L 4

Dengan b, sebagai MSB, b, sebagai Ly, dan Frpr adalah tegangan sinyal digital.
Misal untuk perhitungan nilai tegangan analog berdasarkan data digital 8-bit

adalah sebagai berikut:

3.
&5 B O Dy Oy D B B
256 128 64 32 16 8 4 2

o]

3.3. Perencanaan Perangkat Lunak
Perangkat lunak ini berdasarkan pengendali utama yaitu mikrokontroller
AT&9CS51, Pembuatan perangkal lunak sistem aplikasi berdasarkan pada scmua
proses yang harus dikerjakan perangkat keras. Perangkal lunak dibutuhkan oleh
PC untuk memberikan perintah kepada mikrokontroller. Bahasa pemrograman
vang digunakan adalah bahasa Delphi. Pembuatan perangkat lunak harus melalui

proses-proses uji coba secara soffware maupun secara hardware.

30




Inisialisasi alamat tabel data sinus

Set frekuens |

Set frakuensi |l l

Set frekusnsi ||

Satfm‘ru..lansiw—l

Sot frekuensi W

Sat frakuensi VI 1

Gat frekusns Wil

Set frakusns VI

Baca data tabel
sinus dengan frekuensi X

Gambar 3.8 : Flow chart mikrokontroller untuk DDS
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BAB 1V

PENGUJIAN SISTEM

Pengujian dan pengukuran dalam hal ini dilakukan dengan tujuan untuk
memastikan bahwa Function generator dapat bekerja sesuai dengan perencanaan.
Bab ini menguraikan tentang bagian alat yang diuji, tujuan pengujian, langkah-
langkah pengujian dan hasil pengujian yang menunjukkan unjuk kerja dari tiap-
tiap bagian alat.

Pembahasan dalam bab ini dibagi menurut pembagian alat yang diuji
untuk mengetahui unjuk kerja sistem secara keseluruhan Untuk mengetahui
kemampuan alat dan sistem kerja sesuai dengan program yang telah dibuat maka
dilakukan pengujian pada alat dan sistem kerja alat,

Pengujian dilakukan pada tiap-tiap blok sistem adapun blok-blok yang di
uji adalah:

1. Rangkaian DAC R2ZR

2. Rangkaian Function Generator

4.1. Pengujian Rangkaian DAC R2R
a. Tujuan

Penggujian rangkaian DAC bertujuan untuk mengetahui apakah DAC
berfungsi dengan baik sekaligus untuk mengetahui kelancaran proses konversi

atau perubahan sinyal digital ke sinyal analog
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b. Peralatan yang digunakan

s  Rangkaian DAC RIZR

e  Sumber tegangan +12 Volt

« Swiltch 8 Buah

e Multimeter digital ( DT9205B )
¢. Langkah Pengujian

1. Merangkai rangkaian seperti pada gambar dibawah ini:

Gambar 4,1 : Rangkaian Pengujian DAC RZR
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2. Menghubungkan kutub positif multimeter digital {multimeter diset pada
skala 20 Yolt DC) pada outputan DAC, sedangkan kutub negative ke

ground,

lutd

Mengamati perubahan nilai tegangan pada multimeter dan mencatat

hasilnya pada tabel 4-1,

Untuk mengetahui  keluaran DAC R2ZR  dapat dicari dengan
menggunakan rumus berikat:

ooy [ Do D D Dy Do Dy Pe Dy
1256 128 &4 32 16 & 4 2

Dimana:
Ver =35 Vol
Jika diketahui inputan= 000000015. Maka keluaran DAC R2R

Dy Dy By Dy, By Dy, B By
2 4 8 16 32 &4 128 256

—_— i —

16 32 64 128 256

|

i -
I.r.!n.lr - |
Lz

Qe G A B D . 1J
5 —+—+—+— o
2 4 8

= 1953 mV

Jika diketabui inputan=11111111a Maka keluaran DAC R2ZR :

¥ =¥

art ref

&_;_D_(’_FD +D_ D_ &4_ 'Dl |D""]
4 8 16 32 64 128 3256

111 1 1 1 1
b —t—t—F —+ ——
Vou 5[2+4 8 16 32 64 128 256}

=4.95 Volt

34




Berikut merupakan tabel perbandingan tegangan output antara hasil

pengukuran dan hasil perhitungan dan keluaran DAC R2R ¢

Tabel 4.1: Data Pengujian Rangkaian Konversi DAC R2R

Keluaran DAC R2R
Bit Tegangan mV (mili Veolt)
NO Masukan T '
Perhitungan Pengukuran %o kesalahan
1 00000001 19.53 195 153167
- 00000010 30.06 33.9 0.132
3 00000011 58.59 51.4 0,122
4 00000100 78125 669 0,143
9 11111111 498 (V) 4.95 (V) 6.02 107

Untuk % kesalahan dapat dihitung dari hasil pengukuran dan perhitungan

sehagai berikut :

stkesalahan = Lperhitungan — pengukuran | oo,

Contoh ¢

perhitungan

Vo perhitungan = 19.53

Vopengukuran =195 Volt

% kesalahan =

(19.53)—(19.5)

» 100%

(19.53)

jadi % kesalahan=1.53 . 107
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Dari tabel di atas didapatkan error rata-rata .

_ (153107 +0.132+0.122 + 0,143 + 6.02.10 Y%
5

=008 %

4.2. Pengujian Rangkaian Function Generator
a. Tujuan
Untuk mengetahui bentuk sinval dan besar frekuensi yang dibangkitkan
oleh rangkaian Function Generator apakah telah sesuai perencanaan.
b. Peralatan yang digunakan
o Rangkaian lunction Generator
o  Oscilloscope ( Tektronix TDS 210)
¢. Langkah pengujian
Pengujian dilakukan dengan cara melihat bentuk gelombang omfput dan
nilai frekuensi yang dikeluarkan Function Generator yang telah dibuat pada
osciloscope pada pin ouput. Pengujian dilakukan berkali-kali, pada nilai frekuensi
dan bentuk gelombang yang berbeda. Osiluscope diset pada 2 Vidiv, Probe merah
pada Osiloscope dipasang pada output dan probe hitam Osifoscope dipasang pada
ground.
d. Hasil pengujian
Dalam hal ini dilakukan pengujian terhadap sistem yang dibuat, Tujuan
pengnjian ini adalah untuk mengetahui kinerja sistem tersebut. Rangkaian

elekironik yang diuji dalam hal ini adalah sebuah amplifier jenis operasional
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Pengujian dilakukan untuk mengetahui kinerja sistem vang telah dirancang
dan dibuat, Sebelum dilakukan pengujian maka dibuat grafik sinus berdasarkan

perhitungan dengan Microseft Excel. Input untuk grafik sinus :

Tabel 4.2 : Input grafik sinus

I pB | 100|112 | 124 | 136 | 147 | DB | 158 | 168 | 176 | 184 | 100

DB | 194 | 198 | 199 | 199 | 198 | DB | 195 | 190 | 185 | 177 | 169

DB | 159|149 138 | 126 | 114 |\DB | 101 | 20 | 77 | 65 | 54

DB| 43 | 34 | 25 /17T |11 (DB| 6 3 1 1 2

DB | § o | 1512230 DB| 39| 50 | 61 | 73 | 85

Didapat plot grafik sinus sebagai berikur

1.0

\WAV
ao v T T \‘/- T

0,2
0,4

Gambar 4.2 : Grafik sinus teoritis
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4.3. Qutput Frekuensi

a. Frekuens: 86 Hz

3= Telscupe evelualian virsian 3 deya lefE 3
TVERTICAL THORZCMTAL TRIGFER
B e o (TR m ] sre JASES vy

~ihEsn  ChOsM i 50000

ww.ﬂ- wonn o mmwzps;rmm

RS L SRRV G . ek, vightocok el diasins

Gambar 4 3 : Qutput 86 Hz

b. TFrekuensi 300 Hz

Left, g ek sed s oy sues

Gambar 4.4 : Ourput 300 Hz
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¢ Freluensi 600 Hz

22 Iulicnpe cvalvation versisn
B Edb Setngs’ Hep

'- tays lefl

i QOBS nie B

WERTELAL

e o |

SOSEITONTAL

e [rma s |

4 0 K
Hx TOAY

2 5]

FPELK
BT SIHE

'Lu:

-Eiﬁ?_i- :

Ueft, b ik sefoursoaT

Gambar 4.5 : Qutput 600 Hz

4.4. Qutput Waktu

a. Waltu rendah

|'um 1 s
At

4l
o

" narzgTAL

.:_{ i

- TRIOER. -
cﬁ;,la.r::u 'II:HMl

Eird__J 2| v L F*F_'Hinl "W r

weion L

Ji'JjJ

=ine
Y

s-u-mu{"cT{_ 'D‘I'JJ

P A TRE[F_AY.;

" luebhe. R 150

CGambar 4.6 : Qutput waktu rendah
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b, Waktu sedang

&% Felsrapt evaluadion wersian -5 ta el
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rio HEES nw S

rr—————————— [ HORITONT AL TRICGER

p _-it's’: i 1mm 2oPe T REE FALL ]
£ s I o L

\-"'?EHJ vimn (R Bl | -‘m! 5|
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B s o e L
o]
23 350 ool et O | PAGE . 1
4185 s R B B bl
;S R [ b the ! £ i 3
] et e . {

A R s F ST e R ¥

oo §owied f CFRE CHIDELAY LWL TR0 DRLAY
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Gambar 4.7; Ouiput wakiu sedang

c. Waktu tinggi

s Cays L2y

| W

= _. :__ o l?E-.\‘.l'.'Iﬂ'. _j-.]-ll i i

CGrambar 4 8 : Quiput waktu tinggi
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4.5 Analisa

1lasil perancangan sistem dibuat dalam bentuk set peralatan sebagai

berkut ;

Gambar 4 9 : Foto alat

Hasil pengujian menunjukkan bahwa tampilan di komputer telah
menunjukkan pola grafik sinus. Hal ini berarti bahwa sistem telah dapat
menghasilkan grafik sinus sesuai dengan grafik hasil perhitungan. Tetapi sistem
ini masih memerlukan penyempurnaan karena tampilan grafik sinus di atas masih
harus diteliti lagi kesesuaian frekuensinya. Selain itu hasil tampilan grafik sinus

masih belum sempurna karena tidak melalui proses filter.
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BABYV

KESIMPULAN DAN SARAN

5.1. Kesimpulan
Dari hasil perancangan dan pengujian sistem yang telah dilakukan, dapat
diambil kesimpulan sebagai berikut
1. Rangkaian DAC sudah akurat, tetapi hasil pengukuran menunjukkan
tingkat error rata-rata 0.08%.
2. Dari hasil pengujian alat, bentuk gelombang sinuseidal masih belum
sempurma karena tidak melalui proses filter.
3. Karena keterbatasan mikrokontroller ATRICS], sistem ini hanya akurat
untuk frekuensi tertentu.
4. Generator sinyal untuk sistem penguji rangkaian elektronik berbasis
mikrokontroller ATB9C51 telah berfungsi tetapi masih memerlukan

penyempurnaan lebih lanjut.

&.2. Saran

Perlu dilakukan perbaikan sistem menyangkut kesesuaian frekuensi.
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ORG Ol
MOV 301, 414

SINUS : Moy DPTR, #siNE
MOV Ro, #5;

ULANG - CLR A

MOvVe A, OA+DPTR
MOvC p; A

INC DPTR
IB P30, cpx
MOV 30H, #1009

CEK : 1B P3.1, CFK |
MOV 30H, #s50

CEK] : B P32, CEr2
MOV 30H #25

CEK2 - 1B P33, CER3
MDVEDH, #15

CEK3 : IR P3.4, CEk4
MOy 30H, #10

CEK4:IB P35, opks
MOV 3011 45

CERS : JBP3 6 crge
MOV 301 g

TERUS : Moy A 300

CINE A, 40, BABL 4
IMP I EwaT

BABLAS . CALL TUNDA

LEWAT - p3 NZ RO, ULANG
IMP SINUS

TUNDA . MOV Ry, JOH
DINZ R, §
RET



SINE : DB 100,112,124,136,147,158,168,176,185,190
DB 194,198,199,199,198,195.190,185,177.169
DB 159,149 138 126.114,101.090,077,065,054
DB 043,034,025 017,011 006,003,001,001,002
DB 005,009,015,022,030,039,050 061,073 085,097




TECHNOLOGY

DIRECT DIGITAL SYNTHESIS - 1=+

MANIKANANDAN K,

In direct digital synthesis (DDS) technique, signal is generated in the form of a series of digital
numbers and is comverted info analogue by using a digital-te-analogue converter (DAC), The output
of the system is directly proportional to the frequency-setting word

eoent years have wilnessed an

increasing interest in direcl

diplcal synthesis MDS) The
technique emerged i the early s and
was probably knewn in principle for sev-
eral years before thiaf, To thase early
days, the fughest oulpul lreguensy at-
tainable was nn more than a few MHz,
Iimited by the performance of thie then
available loglc T0s and digial-te-ana-
Ingue corvartars (DACs).

With the advancement in serticon-
ductor technology, the attalnable per-
formance has increased by leaps and
bounds. DOS chips realised in gallium
arsenide now provide outpur freqeen.
ciess of over 400 MHz. Silicon 1echonl-
ogy delivers sutput frequencies in ex-
cess of 300 MHz. Howeser, when oper-
ating al the tap ol the frequency range,
the worst case levels of spurions out-
puits have not changed mich, sull being
in the region of A0 m 45 dB down on
the wanted outpul,

RF carrier generation

The lung-term freuency stabllity of an
LC oscillator is generally poor, 1t is dif-
firrlt po construet a small inductor with
stability much better than 0.01 per cent
It= specoral puricy cam only be irensed
by increasing the opersting O of the
tuned ciroule, which again is not easy,
espeidzlly In the case of minialurised

BEEPLLL L |
e e st e R ol DY T ___________
I |
T = j' i b Lo == 1
i FHASE - gl LT e e 3
it AL it
17| pneasaron JAACHpER Aasen ey
Vi . : I
= + P METWHDRN | {
Ty S IFAEUEHEY
ORVIDER; | WHEN Rt 1, =51,

. 2: Block disgram of PLL gyafem

BULRITICILL,

In tixed-lrequenoy applications, the
sifvatlon is much rosier, A crvstal reso-
nator can have a working Q of the oc-
der of 1F to 106, making it possibie to
desizn oscillators with very low side-
band noise and excellent sideband and
long-term frequiency stability, cspecially
il the crwstal is maintained At 3 con-
AL TeTIPeTALre th A Ve,

Direct synthesis

The fdeal carrler generator wirild be
the gne with the Tuning capacily of an
LL ascilbator and the stabllicy of & crys-
tal osrlilator—and the next major ad-
vanee in the carrier lechiwlogy provided
just this, With two erysials, at different
frequencies f1 and 12, one can ohrain
four different (requencies by mixing
then, 50 as to provide fonr distioc: Tee-
guetcies L2, (F1+£2), and (T1-F2), IF
one uses hartmomicy or sub-larmonics of

185 1 2 alH.

0150 MHS

| t4-1agmlhe

L1
1=

1 and 72 as well, the pos-
sibsilitics capidly increasze.
This prineiple c=n he ax-
tended o abtain any (re-
guency with aiy degive
tf resalution,

i, 1 WiHe ATEPS

A tvpical hlock dia-
| gram of the system 1sed
is shown in Tig. 1, The

Fig. 1: Convention diect synifosiser

wystern is eabled the di-

FLICTROMICE FORYIL | ROVEWRER 2%

tecl syntheslser, since the aacpt fre-
quency is ublimarely abtadned from mas-
ter crvstal oscillator and has almost the
purity of the master. The
mix it dlvide block poovides 100kHz
steps. Lsing the output as the inpar tn
another, similiar block provides an oul-
put with 10xHe sieps. Further blocks
can be Added (o provice any required
degree of resolution. High-performance
[ileers and carelul seresning within amd
beraeen blocks enable all non-harmaonic
gpuritns to be held al 80 dB down on the
wanied tedput. &t3 price. The twerm 'di-
rect analopgue syntheslser' 1s sometines
used to distinguish it from the direet
digital symthesiser.

Dirgvr synthesis is an at:ractive
route in applicatiens where bigh pueity,
Lo spuirious outpurs, and fast switch-
ing are pequired, expecially in lab and
ATE equlpment. But the size snd cost
malee i difficult {v apply In portahle
milicary or OBEM egLiprnent,

Phase lock loop

The PLL (phage Tock loop) cechinique is
widely applied in space applicadons
such as synchrenising a recedver tooa
spacecraft signal with & dopples shift,
Fig, & shiws the block dizgram of a
PLL sysben fur produsdng an output of
M times the reference tquency, whidh




TECHNOLOGY
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Fig. 3: Divect digital gynthesiser

the reference, but there
phiase offsel, leading or laging, result-
b : bng in a [ comporent in the gutput of

may lwseif be
nbtained from
# orvstal oscil-
lator. When
the lanp is in
Inck, che out-
put of the "di-
vide hy N
Stapge i oL eX-
actly the same
frequency &5
will be a small

o |

-

W
1
L]
s
i
M

L

Hg o Variate sampne rate netod

Fi. & Consteal samphe raia melfod

the mixer. This surput is appiied via a
Tmwepaass Flrer thoa valiage-conrralied os-
citlacor and resulis in exactly the fe-
sired autput frequency,

If M s el te A differeny value, the
eetpund [requency will change; if M 1s
changed to N+, the culpul requency
will increase by twice the reference fre-
quency, Here the step size (5 squal to
the referemce frequency. Fnhancements
of this Lectusigue, such as dual-modulos
presealars and multiple-loop archilee-
rure; enable fine freguen y-resol urion to
be ohtained comperatively al low eost.
& ‘Fracional N' approach enables the
perfarmance-io-price ratio 10 he imn-
proved even further, making the PLL
5}-r|.th|_-:siwer currently the most com-
monly encountered scheme. PLE
synthesisers offer fime froguency-reso-
Itien aod very fow leavels of spurious
outpuls at comparatively Lo eost, bul
cannnt Avhiove the very same low ley-
efs o close 0 phese neise s the direer
synthesizer, These have slow swirching
times. due o loop-filiar serching dime.

Direct digital synthesis

With the exoeption of the maiput low-
pass filier, the whole scheme is enticely
digiral and is eminently suited for large-
scale intagration into a single chip. The
autput of the system is dircody propor-
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cluckpulse, so as tonake the arounula-
Lar ovesflow ac regular incervals, Thie
accumulator now addresses the ROM
Jll'gughaqua,drﬂ.nt::nmphmuilur

Sinee all the amplituds information
[ a1 Mull 3607 sinewave is contalned in
an* of infarmation, only 90° nf memery
mapping s required. The guadrant
coinplimentor simply helps the atouenu-
Lator to chock in both the divecfions, thus
phving 180" of the wave, Mow e sioe
complimentar changes sign =nd rhe pro-
cess i repeated (o pet the full sinewawve,

The phase accumuiater

Fig. T shows how the phase accomubalor
works, Tor simplicicy, a 6-bitaccumula-
Lor with three maost significant bits con-
troliing the read only memony widh just
eight memory locations has been as-
sumed. The output of the three most sig-

nificant bits from the lalch to the

ROM oS (o represent one com-
plete ovele of the ouaipal waavelorm,

i so the ecight values in the ROM

need to represeny the arnplirude
of the sinewayve ar 45° ntesvals,

The higher the value of the fre-
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Fig. 8; The reat of e rudimentan DO

thonal to the {requency-seing word,

In this technigue, & slgnal is pener-
ated in the form of a series of digital
nurrthers and is convrerted into analogue
by using a DAC {Fig, 3} These num-
bers are stored fn oo memory device
known as the memeey lookup table

Une way of penerating the sutpurt is
to gsadpul, seone poings for every cycle of
the sinewave, In this case, Luning is ef-
fected by changing the rate 4t which
the data is output [refer Fig. 4), Lt s
diffieulr ta ger fine frequency-resolition
using this method. In the second oase,
the rate at which data is output is kept
coristaml, The Lasle Idea is to store B
uniformly spaced samples in the
mentory. The lowest oulput frequency
cotrains M distinet samples. Now if one
sulputs every nther peint stored Ln the
ROM at the samde tale, one gets an aut-
put-with 1wice the original frequendcy.

S, il every Krh sample is taken, a K
times faster waveform will be obitalned,
The foerpiersy resolufion 35 same a5 that
af the lnwest Mrequency. This method fs
illastrated in Fig. 5.

A& moee detailed block

guency setting word, the fewer
cycles will e meeded (o cycle
through che BOM once, and heice
thi higher output frequzncy. The
lowest possible oarpar frequendy
results when the frequency-selling
word is GO, Ti this case, &v-
ery eighth clock pulse advances
the BOM address by one,

The lookup table

Fig. & shows the rest of the rudimen-
Lary system, FOM, DAC, and sutpul fil-

diagram of the DDS is
shown In Fig, 6. The Mie-
gquency sctiing word is
given tw the adder of a
phase aocuiulator through
A binary register. The
acder adds the digital sig-

ans hUTPUT|

HEEEEN

ICE AL BINEWEVE

WA HETANANELIE
TETASE ERPDA

nals feom the binary regis- 7}3"": _r_:f-n' 5
ter cothe valueof theaccu- | O w
mulator register and up ¥ e

dates 1 he accumulator rep-
iseer with ihe most recenc
s, This vegister trans-
fers the digital data from
the ourput of the adder (o

Ita  input &AL every
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Fig. 10 Wavedorm & a good frequency

ter, The values stored in ROM range
from | represerning tie negative peal
of the sinewsve, o 255 representing the
positive peak and definlte points on a
cinewsave it offsed binary, The value 128
coliesponds Lo the mean Tewesd [V af
ihe waveformm,

Operation

rnagine a G-hil Tatch clocked a1 64 Hz
and the accnmulater jeaded with 000001
Fig. 7, Whatever the current value held
in the lateh, the sutpar of the sdder will
exceed by 1, 50, In the next eluch pulse,
the new value will be laaded ince the
tarch, and so on repearedhy. Staring fron
the stage whers the lamh content is all
zero, the three ROM address lines
will he zero. The ROM will sutput
10000000, caveing the DA oufput w be
1.28V corresponding to che zero value

Loaqee | will indeed e IV,

! m due o the blocking

: | L\_1 i capacitor betwsen bt

S g | and tho apamp; Lthe

purpase of the bul-

ror being to turm the

DAL rurcent mitput Lacl: into a vole-
age.

Eight clock cyeles later, che auu-
mnalator conbents will be G000 Ro will
nove be | oso that che BOM outpn is
11011010, corresponding to the binary
offset representation of the valoe of a
sinewave al (45°, and accordingly the
DAL output will heomes 2. 18Y.

Adter b4 «lock cycles, the accumula-
it s fll and the DAC hos delivered a
conplete cyele of stepwise Tepresenta-
tinn af a slnewave. Thus the lowest non-
rere ourpu freguency is 1 Hz or genee-
ally Fell/2™, where N is the number af
the arcumulatar bits (Fig, 8). 1F the fre-
quency setting word §s se o 000010,
Lhie whinle process will complete ome our-
pit eyele in half the clock perind. S0,
Frlli#* M is alsn the smallest feguency
Ineremment availahle.

Fig. 4 alsa shows the iistantaneous

of sinewave ac (0, The output of the LPE | departure of the stepwise output ap-

proximation from a confinuous sinewove,
These phase perrurbations nocled a1 a
rats aqual to the clock freguency, which
ls welt above the highest sutput e

quency, and o these can be sippressed
by LEF even il one nas 4 perlecy DAL
with infinite resatution. Amplitade oan-
CALION ETTOrs CALSe sinewWave Tepresen-
tations to be imperfect, resulting in har-
morhes in the output; whether these ap-
pear in the oulpur depeids on com-
mztided outpul frequency, Apart from
chis possibie harmonic conlent, the out
pul of B-bit D05 is poriect a1 freguency
setting of 1, 2, 4, and & He. At acher
frequencies, the operation heenmes 2
Yitele mnre enmolicared,

There are many ol mechanizms
that produce unwanted, non-lArmonie,
sparious ouiputs. When the demareled fre-
guendy is so high that the ROM wily mut-
puts a subset of its cantents o each cpde,
thi wavednom ity the LPE can take vark-
aus quite different [uems from & Sinewse.
Fig. 10 shuws sume shapes the waveform
can take ala good [requency where ihe
RO addrass i incrementing 50 as 74 out-
paut just four equally spaoed locations.

Tor b contirumd.
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Produet Specification

-eatures

Drop-in module for Virtex™ , Viirtax-£, Virtex-H, Virtay-||
Pro, Virtex-4, Spartant.j| Spartan-lE, Spartan-3, and
Spartan-3E FPGAs

8ine, Cosine, ar quadrature sutpuis

Look-up table can be allocated to distributed or block
memory

Phase dithering and Taylor series correction option
provide high dynamic fange signals using minlmal
amount of FPGA resourcas, SFDR range Is 18 dB to
115dB

Phase dithering removes the spectral line structure
associated with comventional phase truncation
wavetorm synthesis architecturas

Support for 1 to 16 independent charnels
High-precision symihesizor with fire frequency
resolution (Af = 002 Hz @ folk = 100 MHz, 32-pjt
phase accumulator)

& o 32-bit two's complement output samiple precision
Optional phase offsat Gapability providing support fiar
multiple synthesizers with precisely controllad phase
differences

Simplg fixed-output fraquency option

Uses relationally placed macro (RPM) mapping and
placemeant technology for maximum and predictable
perarmance

Incorporates Xilinx Smart.1pm technology for utmast

parameterization and aplimum implementation

= Foruse with vz 4i and fater of tha Xilinx CORE
Generator™ gystem

Applications

* Digital radios and madems

*  Software-tefined radios {SDR)

= Digital down/up convertors for cellular ane FCS baso
stafions

= Wavsform synthaesis in digital phase lockad loops

*  Generating injection fraquencies for analog mixers

General Description

Dirsct digital syntheslzers {DDS), or numerically controliad
oscillators (NCQ), are important componants in rmany digital

tors, and implementing  varigus lypes of modulatign
schemes, Including PSk {phase shif keving), FSK (fre-
quency shift keying), and MSk {minimum shift keying). A
cammeon method for digitally generating & complex or real
valuod sinuszgid emplays a look-up tatle scheme, The
look-up table stores samples of a g

tor is used to generate sultable phase afgurment that is
mapped by the look-up table tg the desired output wave-
farm. A simple user Mterface acoepts system-leval parame-
BUIPLT frequency  and spLr

suppression of the nanarated waveforms.

Phasg
Arcurn; lator
B § Tt
ety ! @i TR
IPZ'h;:En: B! -_-:-f“ | ] | I By | | By | SI”MCGE;M | é: ~oa{n)
AR —+ . Li“k_‘,-"‘ — ':"I::I — — Table
|_A.| i ] _T jor | A ] B‘”]er Ot = 28] = Bin{B{n))

foy = 00 Fpgp By

X 1es

Figire 1: Phase Truncation DOS {A simplified view of the DOS core)
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"heory of Operation

« high-levet view of the DDS Care is prasented in Figure 1.
he Integrator (components O and A1) compules a phase
lope thatis mappead 1o a sinusoid (possibly complex) by the
ok-up table T1, The quantizer O, which |5 simply a slicer,
ccepts the high-precision phase angle &{ny and gener-
tes a lower precision representation of the angls denoted
5 &{x) in tha figure. This value |s prasantad to tha addrass
ort of a look-up table that performs the mapping from
hase-space totime.

he fidelity of a signal formed by recalllng samples of a
nusoid from a look-up table |s affected by bath the phase
nd amplitude quantzation of the process. The length and
idth of tha look-up table affect the signal's phase angle
wmolution and the signal's ampliude resoiution respec-
vely. These resclutlon limits are eguivalent to time base jit-
ir and to amplitude quantization of the signal, and add
yoctral modulation lines and a white broad-band noise
»or ta the signal's spectrum.

irect digital synthesizers use an addressing scheme with
1 appropriate look-up table to form samples of an arbitrary
equency sinusold. If an analeg output is required, the DDS
egents these samples to a digital-to-anslog converter
WY and & low-pass filter to cbtain an analog waveform
ith the spacific frequency structure. Of course, the sam-
es are also commonly used directly in the digital domain.
1e lock-up table traditionally storas uniformly spaced sam-
a= of A cosine and a sine wave. These samples reprasent
single cycle of a length y _ +%eim prololype complex sinu-
id and correspond te specific values of the sinusold's
gument &(x) as shown in Eq.(1).

B(n)=ni—f (1)

hare nis the time seras sample index.

uarter wave symmetry |n the basis wavefarm can be
iploited to congtruct & DDS that uses shortened tables. In
is case. the two most significant bits of the quantized
1ass angle gy are used to perform guadrant mapplng.
e implementabion results in a more area efficient imple-
entation because the memory requirements are mini-
ized: either fewor FPGA block RAMs or reduced
stributed memory. Based on the Core customization
rrameters, the DBS core will automatically employ quar-
r-wave symmetry when appropriate’.

utput Frequency

12 output frequency, £, of the ODS waveform is a func-
n of the system clock frequency 7, |, the number of bits
‘i in the phase accumulator and the phase increment
e a8 .Thatis, fu=1{fy. By A8)

Cutput frequency in Hernz is defined as

Af
.f.;.u o .,f.'ll". H.Z

EFH{.'J ] [Ei

For example, if the DDS parameaters are

Fa=120MH=z

the output frequency will be
a0,
P (#
_J20x10" %12
e R
— 1406250 MH=

The phase increment vaiue
output frequency |, Hzis

required to generate an

el {5)

i 1
rrl:'ll-

Frequency Resolution

The frequency resolution AF  of tha synthesizer s a fune-
tion of tha clock trequency and the number of bits &,
employed in the phase accumulator, The frequency resolu-
tion can be detarmined using the following squation

Af e (6)

l-‘-"nm
Far example, for the DOS parameters
Lpo=120 MHa (7
B, =32
the frequency resclulion 15
ar=n

120% 10° (8)
— Ok I e

Phase Increment

The phase increment is an unsigned value, The phase
increment term ag defines the synthesizer oulput fre-
guency. Consider a DDS with the following parameterization

For vory short tables, FPGA logic resources are actually minimized by storing s complete eydle. The user is not required to make any
desgign decsions in this contoxt, the CORE Generalor will always produce the smallest core possible.

v xilinx.com
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Jy =100 MHz
Bo= 28 (@) i) = My + SR )
Hﬂr_x;u 1z oot = gl Re] e ot
{12}

> generate a sinuscid with frequensy £ —19 MHZz, the

muired phase incremant would be

LT
Ad- Ss2
.llrdk

_ 19w L xz'*_
O THE
=77824

(10)

ipectral Purity Considerations

he fidelity of a signal formed by recalling samples of a
nusaid from & fook-up table is affected by both the phase
nd amplitude guantzation of the process. The length and
idth of the look-up table affect the slgnal's phase angle
wsolution and the signal's amplitude resolution respec-
soly. These resolution fimits are equivalent to time base jit-
r and to amplitude quantization of the signal and add
sectral modulation [ines and a white broad-band noisg
aar to the signal's spectrum.

| conjunction with the system clock frequency, the phase
seurmulatar width detormines the frequency resolution o
e DDS. The accumulator must have a sufficent fiald widdh
- gpan the desired frequency resolution. For most practical
aplications, a large number of bits are aliocated 1o the
jase accumulator In order 1o satisfy the system frequency
wolutlon requiremeants, By way of example, if the required
ssalution is 1 Hz, and the clock frequency is 100 MHz, the
squired field width of the accumulator is

My = lagy "i—""f_-l

{m zmnxm" {11)

]
~[26.5754]
=27 bits

here i' ] denates tha ceiling oporator. Due to excessive
emory requirements, the full precision of the phase accu-
ulator cannat be used to indax the sinefeasine look-up
ble. A quantizad {or truncatad) version of the phase angle
used for this purpose. The block labelad CH in the phasa
uncation 0DS, Figure 1, performs the phase angle quanti-
afion. The lookup table can be located in block or distrib-
ed memony.

uantizing the phase accumulator intmduces time base jit-
rin the eutput wavaefarm. As shown in Eq. (12), this jitter
isLts in undesired phase modulation that Is proportional to
& guantization arror.

ﬂ_,l:-.':'n: o E,-""I”:nl[l +I||'§‘H.H}]
sgt o S e

Figure 2 shows the look-up table addressing eror, complex
outpul lime-saries and the spectral domain representation
of the output waveform produced by the DDS structure
shawn in Figure 1. The normalized frequency for this signal
is 0.022 Hz, which correzponds to phase accumulation
steps of 7.92 degroes per cutput sample. The angular resa-
lution of the 266-point look-up table is 360 / 256 or 1,40625
degrees per address, which is equivalent to 7.92 / 140625
or 5.632 addresses par output sample, Since the address
must be an integer, the fractional part is discarded and the
resultant phase jitter iz the cause of tho spectral artifacts,
Figure 3 provides an exploded view of the spectral plot in
Figure 2{(c).

A

' .'l h -f
Hf |II ""Irll ||
}i ..r'ul P Iu{'nl'.]"

TR
r ;. ||1 ';,-uﬁ'.
Il |

i
= 'Hm:ll___iﬁ |
hped f lI v rhita
& -tow !l]..Lrnﬁn’ﬁF‘lHﬁr’*I’nfi‘.‘{ il "|||
1] a1 0.3 1.4
FFLEGUENC"I'

Figure 2: Phase truncation DDS, 5, =002z Hz, table
depth = 256 12-bit precision samples, {a} Phase angle
addressing error; {b) Complex output time series; (c)

Output spectrum.
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FFT Langth = 2048 |
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TRz T

oo

o4 0.2 a.3
MHERUEMGY
Figure 3: Phase truncation DDS. [, = 0022 Hgz, table
depth = 256 12-bit precision samples.
Exploded view of Figure 2 {c).

5245 April 28, 2005
raduct Specification

www xilinx.com




DS v5.0

§7XILUNX g 207

‘s make two observations related to the phase jitter struc-
re lavel. Observe that the fractional part of the address
,unt is a periodic {sawteoth) error sequence which is
sponsible for the harmonis rich {and alizsed) low-level
ase madulation evident in Figure 3. We also note that the
sak distortion level dus to incidental phase modulation is
sproximately 48 dB below the desired signal leval, which is
Jmsistant with & dB/bit of address space. Put another way,
S dB of spur suppression |s required in the output wave-
rm, as referenced to the O dB primary tone, the OOS
okup table must support at least [5/67 addrass bits. For
ample, it S = 70 dB, which means thal the highest spur
ill be 70 dB below the main signal, then the minimum num-
=r of address bits for the lookup table is [ro/&] 11 bits
atis, a 4096-deap tabla.

gure 4 and Figure 5 demenstrate the perdormance of a
milar DDS to the cne presentad in Figure 2 but In this
«ample 16-bil precision ouiplt samples have heen used.
bserve that the highest spur | still at the —48 dB level, and
locating 4 additional bits 1o the output samples has not
sntributed to any further spur reduction. For a phase trun-
stion D0S, tha only optian to further reduce the spur levels
to increase the depth of the look-up table,

:l,:-c:!l;lyl' 'r"ll fi fl;.',dll"-i’,_;-a.-' ll;'-'-J.;':.j-_}il!!Jl' i-;"i' 'i-;_-lirlll;
H e L A T R R e
]I'_‘IH] IE" '[I;I ..-||' |Iilr."-1' ”1' i i I'lll:'l'ln-flu I]'!
Ta o 42 &0 £ )
'Tﬁj'\ : ¥ FI.-!{. \\ i _.-'.."i /".\ \i
L] it e e o _:__/_‘_:_ =5
J il A LG I
a L] 40 (=] = (1"
o 24 T T : : -
I O | S B
T OO T L TN TP T I] CLr U o) { ROUE SR IILE
o s st
© .l oz ) 24 05
FREQUENGY

Figure 4: Phase truncation DDS. £, =0022 Hz, table

lepth = 256 16-bit precision samples. {a) Phase angle

addressing error. (b) Complex output time serles. ({x]]
Cutput spectrum.
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Eample Fracissn = 18
iTagisDegin < 256

T e it 1, 111 111=4 Lo e L
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e o R 18-S e 1a 8148 - ==
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i |

--,::.; ; |l : I 'L o
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TREQUENCY
Figure 5: Phase truncation DDS. £, =1.012 Hz, table

depth = 256 16-bit precision samples. Explodead view
af Figure 4 (c).
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Furthet examples ilustrating the petformance of various
DOS configurations are shown in Figure 6 through
Figure 15. The configuration details are annotated on the
plot. For some of these examples, the synthesized fre-
quency has been swept across a small ranga of the avail-
able output bandwidth. For these cases, the sweep start
frequency, stop freguencey, frequency increment & and the
numbet of tonas in the sweep interval (Num Tones) is Indi-
cated. The analysis transform length and window function
applied to the output time series is also indicated on the
plots.
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Figure 13: Figure 15:

Figure 1 providas a simplified view of the DDS core. A

detaited viaw is shown in Figure 16. This detailad figure Is

B e o | 5 _— similar to the simplified view, bul also indicates the DDS
| ‘Sample Bracizion =9 W control and Interface signals CE, A, WE, DATA, AFD and

;ﬁﬁfﬂ;ﬂ;;?uz ROY Alsa note the inclusion of the PHASE OFFSET

Sicp Fraquancy = 1. register designated POFE This register is used for applying

e :m‘j; il a constant phase offset to the phase slops computed in the

: phase accumulator PACC. When tha Cora is customized,

the phase ofiset saurce can be defined as either a register,

a constant, of it can be amitted entirely. When the register

option is selected, the phase offset value is supplied via the

DATA port. The phase offset value is treated as an unsigned

quantity. If necessary, the phase offsot is zero-extendad
before it is added to the phass accumulator,

20

Figure 14:
PHASE
ACCUMUILATDR (RACCH OUANTIZED
INCREMENT (FING) IS ANOLE A HTUIDE
FAEHITE RESCHLITON
[0 CORS TANT)

—|I LAPBITS
g T T pe—
1

L] !
o J I} sEicosine

® [ |{‘|““ i |
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l. = REGISTER OR COMSTANT H - DETHGNAL ELEMENT - RECISTER 8 SONETANT akifET
el ot

Figure 16: DDS Core (Detailed View)

he phasa incrament value can be sourced from either a register or a constant. When the reqgistered option is selectad, the
ATA port supplies the phase increment value to the phase increment register. When the constarmt option is selacted, the
DS output frequency Is fixed and cannot be adjusted once the core Is embedded in a design.
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‘hase Dithered DDS

11he phase truncation DDS architecture shown in Figure 1
e quantizer Q1 Introduces a phase errar in the phase
lope by discarding the least significant part, actually frac-
snal curnponant, of the high-precision phase aceumulator.
he phase emor due to the discarded fractional part of the
ddress count is a perodic series which results in an
ndesired spectral line structure. Figure 17 provides an
xample of this procese for a DDS with a tabla depth
=1024 and table sample precision of 16 bits. Figure 17(a)
. the phase emor generated by taking the difference
atween the guantizer inpul and output signals, Figure 17
1] I the outpul ime series and Figure 17(c} is the signal
atput spectrum, Observe [n Figure 17(a) the periodic saw-
woth structure of the phase error signal. The line spectrum
ssaciate with this comelated error sequance is imprassed
n tha final output wavefarm and results in spectral lines in
w synthesizar autput spectrum, Theseé SpUNous compo-
ants can be clearly seen in Figure 17{c).
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Figure 17: DDS plots showing (a) phase error time
saries, (b} complex autput time series, (c} output
spectrum. 1024 deep lookup table, 16-bit samples,
output frequency is 0.333 Hz.

This structure can be suppressed by breaking up the ragu-
larity of the address error with an additive randomizing sig-
nal. This randomizing sequence, called dither, is a noisa
sequehce, with variance approximately equal to the least
significant integer bit of the phase accumulator. The dither
sequance is added to the high-precision accumulatar output
prior to guantization by Q1. The resulling dithered DS
architecture is shown in Figure 18,

The dithered DDS supplies, approximately, an additional 12
dB of spurlous free dynamic range {SFDIR) in comparison o
a phase truncation dasign. The additional logic resources
required to implement the dither sequence generator ang
not lgnificant.

To provide & dB of spur suppression using a phase frunca-
tion DDS, as referanced lo the 0 dB primary tone, the inter-
nal lockup table must support at least fu/ e address bils,
To achieva this same performance using the dithered archi-
tecture reguires two fewer address bits, minimizing the
number of biock RAMSs (or logic slices for a distributed mem-
ary implementation) used in the FPGA Implementation. In
summary, for a dithered DDS implementation, the number
of address bite needad to support § dB spur suppression 15
equal to [s/6] 2.

Figure 19, Figure 20, and Figure 21 provida tha results for
several dithered DDS simufations. Figure 18 shows eight
slmulations for 2 complex dithered DDS emplaying a table
depth & = 4005 and 16-bit pracislon samples. For each plot
the output frequency is differant and is annolated on the
plot. A phase truncation deslgn would typically generate
output spurs 72 dB below the output frequency, Indepen-
dent of the actual value of the output frequency. Indicated
on each of the plots by the parameter 4 is the peak spur
level achioved for the simulation. The elght £purs ara
812, -882% -86.09, -A8.80, -87.21, -BY.E5, -67.83
-87.12 d8 balow the output fraquency. The worst case value
of -86.09 is 14.09 dB better than a similardy configured
phase truncation DDS,

Phassa
Accumulator
r___ ................ n B
i S s k
Phasza i | Sina'Cosi
incigment | | 8401 4 Bow | lodkp [ OO
=i TN i s Table 5
f Lalot | AN rabie Depth = i
T e T A
) B
clk ak Fout = A8 fgp/2 210
Dither
Sequencs ;nﬁ +ip 105
Figure 18: Phase Dithered DDS Archltecture
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+ achieve this same SFDA by extending the table length af
nhase trurcation design would require extending the table
+ more than a factor af four

gure 20 and Figure 21 provide two morc ditherad DDS
nulations where the output frequency is swepl over a
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band of frequencles. The spectrum far each discrete tone in
the sweep band is overlaid to construct the final plol. The
sweep start fraquency, end frequency, number of tanes in
the sweep, and DOS configuration are annciated on the
phat.
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Figure 19: Dithered DDS Simulations, The DDS configuration is v — 4095, B, - 16. The eight plots are spectral
domain representations for eight different output frequencies. Each plotis annotated with the peak spur level.
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Figure 20 tha synthesized signal is swepl over a rangs of
sguencles starting from 0.0311 to 0.0415 Hz. There are
n tones In the sweep separated In frequency by 0.00104
7. In this example the phase truncation DDS would pro-
ice peak spurs at —72 dB with respect to the 0 dB primary
ynal. The dithered DDS provides approximatsly 12 dB
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Figure 21;

better performance with the peak spur —84 dB below ihe
output signal.

Figure 21 shows the resulls of a second swept frequency
dithered DDS simulation. In this case the start frequency is
0.0313 Hz, the sweep termination frequency is 0.0813 Hz
and there are 100 tones in the sweep. The frequency differ-
antial botwear suscassive simulations is 0.0005 Hz. A sim-
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arly configurad phase truncation DDS, with a table depth of
124 16-bit samples, would produce spurs approximately
1 di below the output signal. Observe from the plat that
ie dithered DDS generatas spurs that are 72 dB below the
dB autput signal.

further advantage of the dithered DDS |s that the spadctral

w structure present in a phase truncation design is
imoved and the oul-of-band signal is significantly whil-
jed, This white broadband noise floor |s more desirable
ian the line structured spectrum, In digital communication
wcaivers that use a DDS for generating mixing sighals far
srformitig channelization functions, the spurs in a phasa
gncation DDS can act as low-level mixing tones and cause
wdesirable spectral eontamination of the desired channel.
ar virtually all applications the preferred implementation is
ie dithered DDS.

aylor Series Corrected DDS

e phase dithered DDS, as well as the phasa truncation
DS, have a guantizer @1 which produces a lower preclsion
'n)y, by discarding the fractional component of the high pre-
slon B(n). The reason for this guantization step is 10 keep
& size of the lookup memory to a reasonable size. The
ade-off is spectal purity. With the availability of embedded
ultipliers in the Virtex-ll, Virtex-Il Pro, SpartanIE, and
partan-3 FPGAs, it iz now practical, fram a silicon-araa
andpoint, to use the previously discarded fractional bits 10
ileulate comrections that can be added to the lookup table
dues and produce outputs with very high spurious free
ramic range (SFDR). These embedded multipliers are
51G fike mulipliers and do not consume any of the logla
bric. The Taylor series correction DDS fixes a numbar of
¢ parameters as described in the Parameters section
sder Moise Shaping. The additional resources required
sat the phase truncation DDS are two embedded muitipli-
., pne constant coefficiant multiplier, and four adders.

gure 22, Figurs 23, Figure 24, and Figure 25 show the
isults of four different Taylor series corrected DDS simula-
s. The Taylor series corrected architecture uses a table
spth N = 4096 and 18-bit precision samples. However, the
‘ecigion at the output of the feed-forward 2oror processor is
1 bite. For each plot the oulput frequency is different and
notated directly on the plot. A similarly configured phase
Jncation DDS would produce spurs at—72 dB and a phase
hered DDS at -84 dB. The peak spurs for the four plots
-2 —118.25, =118.13, —118.10, and —118.17 dB below the
Jtput frequency.

gure 27 shows a swept Irequency Taylor series comected
DS. The starting frequency for this example is 0.0313 Hz,
a final frequency is 0.0813 and there are 100 tones in the
veep. Using this configuration, a phase truncation DDS
ould produce peak sputs at approximately 72 dB below
i@ output signal and 2 phase dithered DDS would praduce
sak spurs at approximately 84 B below the output signal.
5 shown in the pint the Taylor sefes corrected DDS pro-

duced spurs that were all the way down (o 118 dB balow the
putput signal. This result is 34 dB better than the phase dith-
aring DOS, 46 dB better than the phase truncation DDE,
and still only consumes a single 18Kh block RAM for the
lookup storage. Figure 28 shows another frequency sweep
simulation with 35 tones over a broader frequency range.
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Figure 22- Taylor series corrected DDS — single tone
teat. f, = 0.0092518.
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Figura 23: Taylor series corrected DDS - single tone
test. 1o = 0.22823.
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Figure 26; Taylor series comected DDS - single tone

test. f = 47506.
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Flgure 27: Taylor serles corrected DDS - frequency
sweep simulation, 100 tones.
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Interface, Control, and Timing
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Figura 28: DDS Symbol
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Tabie 1: Core Signal Pinout (CGontinued)
able 1 Core Signal Pinout Signal :
" Signal | Mame Direction Description
Name | Direction Description . | RFDT Output | Ready for data - active high.
SLK Input | Master Cluck - active rising RFDis a dataflow control
edgo. signal present on many Xilinx
¥ : 3 - LogGCOREs. In the context of
B }“PUT Address 5?191:1 far "-'I'I'ltlr'lg 1o i tha D‘DS, Iis bupplled ﬂrll'!f iar
] the phase increment (PING) { conslstancy with other
i mermory and the phase offset LogiCOREs. This optional
{POFF) memory. When | port is always tied to VCG.
Apop=0, the PINC memoryis | — - o e T R S T
selected. When Agcp=1, the | | CHANNELT | Output | Channel index. Indicates
FPOFF memary is selected, which channel is currently
Tha four lower ordar bits of A available at the olpLUt whan
ars used to address up o 16 the DDS [s configured for
| channals for the currently multi-channel operation. This
[ selectad memaory. The is an unsigned twao's
| mamaory map is shown in somplement signal. Its width
Table 2. iz determined by the numbar
— : - S of channals.
NET Input Write enable - active high. e = ==
Enables a write oparation to SINE Cutput | Sing time-seres.
| the PINC or POFF memories. COSINE Output | Gosine time-serles.
et Input | Clock enabla - active high. CE | T denoles optiansi pin
must ba high during normal
Gora operation, but it is not Figure 30 shows the timing sequence for a single-channel
required tu be active duning a DDS cora. Inthis example, the DDS has beth a phase incre-
write access to the PING or ment (PINC} and a phase offsal (POFF) memory. The PINC
FOFF mamaries. memory is first written with the PINC value 0x0010. This is
T " realized by supplying the wvalue on the DATA port and
JATAT Hipat H&i‘;ﬂrﬁg S:;i t{::rs 1he addressing the PINC maemary by defining the MSE of the A
| : part a5 Ayer=0, 25 shown by the memory map in Table 2.
supplying values to the PING :
af POFE memaries Since this example Is a single-channel case, the remaining
4 g TR 1 four bits of the A port should be sel 1o zeros. The write |s
AGLRT Inpuit Asynchrongus clear - active perfarmed on the positive clock edge. WE must be active;
high. When ACLR is asserted, i.a., WE=1, to perform this operation. Immediately after the
E the all registers in the Core ara PINC mermary is loaded, the value 0x1000 js written to the
cleared. RDY is also POFF memary. This requires Aygg=1 and WE=1,
deasserted,
- e Table 2: Phase Increment and Phase Offset memory
3CLRT Inpt Synchronous clear - active map
E}Ft@tmﬁg Iég::: ;'::d‘ Address ~ Location DESGriptiﬂﬂ—l
cleared. ADY s also 00000 - 01111 Fhase Increment (PINC) |
| deasserted, . values for channel ©
ot Output | Cutput data ready - active | through 15
| high. Indicatas whan th? 0000 - 11111 Phase Offset (POFF)
E. . output samples are available. values for channal 0
2 L | through 15
S2468 Apnil 28, 2005 v xilink.com 11
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Figure 31: DDS Timing: multichannel

1@ memory is loaded on the rising edge of the clock, CE
195 not have to be active to write to either the PINC or
9FF memories. The DDS will start operating once the
sck enable is applied (CE=1), Since CE Iz an optional pin,
35 configurations that do not include this pin will begin
werating once the FPGA is configured and the system
sek is active. After a start-up latency (measured from the
sertion of CF2) that depends on the pipslining configura-
in chosen for the core samples will be presented on the
itput port{s). This is indicated by RDY=1, For most config-
ations, the assertion by the Core of DY indicates the first
lid output sample. However, there is an exception. if a
35 Iz customized such that the O-cpcfe latency phase
eumulator option is selectad, and the sine-cosine look-up
bla iz in distibuted memory, and the table is pursly com-

Assuming this partis present

binatorial, any writes to the PINC ragister will be immedi-
ately reflected at the output partis). This Is Irrespective of
whether CF is asserted or not. In this situation, there are no
regisiers between the PING register and the output nodas,
there |s only a combinatarial amangsment of logic. There-
fure, the CF pin cannot have any influence on this path
through the system. The CE pin will, of courss, still control
the operation of the register (now in the upper arm of the
phase accumulator shown in Figure 36 (b)) in the PACC. As
ilustrated in Flgure 30, valid samples begin appearing at
the output parts when ADY goes high,

The DDS can have an optional asynchronous clear or syn-
chronous clear port. When either type of clear is applied,
tha SINE and COSINE output ports will assume a value of
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QUre 31 shows the timing for a fourchannel Dpg imple-
entation. The Pinve value for each channel is writtan on
e first four clock cycles. Valig samples are available of the
tputs when the Rpy signal goes high. The additiona
HANNEL port indicartes whi channal js currently avail-
He at the outpyt.

arameters

e DDS barametarization Bereens arg shown in Figurp 32,
glre 33, Figure 34 Figure 38, ang Figurg 37.

& customization parametar definitons ara:

Component Name- The user-definag DDS componant
rame,

Function: The DDbS fMay have a quadrature ouiprt
{sing and cosine), or a single SUtpUL port — either sing

output option is selected (5ine and Cosine G| option),
and both the Nagative Sine and Negative Cosing baxes
are unchecked, than the eutput signal s¢n) is

siny =gt cosE(r) + j sin O(n) {(13)

If the Megative Sing bo has been checked, the output
slgnal is defned by

() = g""-“'r":"——-CI‘lSﬂ{.'!J —JjsnBn) (14)

= Channels: The DDS core can generate g
single-channe| implementation ag well as g
multichannel implementation with suppart for up to
16 Independent channaels. If g multichannal
Implementation s yenerated, all channels wi
time-share the DD2 outputs,

DDS Perormance Options: Both system-level ang

Circuitlevel performance fequirements are spacified
and the DDS core Jenerates an implementation to

- DDS Clock Rate: The trequency at which the DDg
core will be clocken

~  Spuribug Fres Dynamic Range (SFDR): This
dafines  the frequency

9B of spur suppression, Note that an SFDR valua
of 102 dB or greater will force an implernentation
employing a  Taylor Series  Carrection which
fequires the use of embadded muitipiiers,

- Frequency Resolution:  This parametar
detarmines the granularity of thg tuning frequency.
If the value entergd is 1 0. the tuning frequancy can
be adjusted o g Precision of 10 Hr As an
example, you could tune the DDStoa fraquency of
5.00003 MHz,
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Figure 32: DDs Parameterization Screen - Field 1
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Output Frequencies: For each channel, an
independent frequency can be enterad inta the table for
the Sing and Cosine outputs. The allowable upper
range is displayed above the table and is calculated by
taking ong half of the DDS clack rate and then dividing
by the total numbar of channels. This upper fimit is
required so that the DDS clock rate does not drop
below the Myquist frequency.

- Phase Increment: The user has the choice of
making the output frequency a constant value o
in-circuit changeabie. Selacting Fixed will make the
fraquencies constant and selecting Programmable
will allow the phase increment values to be
changed in-circult. If Programmable is solacted,
the wvalues enterad in the table will ba the initial
frequencies that take effect once the FPGA has
been confiqured. If an ACLR or SCLR slgnal is
assarted. the output frequancies settings will not
be altered. Note that the Fixed or Programmable
option is applied for all DS channels.

Phase Offset Angles: An independent offset can be
added 1o the phase angle of each channel by entering
a value into the table. The enlered values will be
multiplied by 2r radians. The valid range Is -1.0t0 1.0

. Phase Offest: The user has the choice of making
tha phase offset angles a constant value, in-clreuit
changeable, or not used. Selecting Fixed will make
the offsets constant: selecting Programmalle will
allow them to be changed in-clrouit; selecting MNone
will prevent any offset from being added. i
Programmable is selectad, the values entered in
the table will ba the Initial offsats that will take eflect
once the FPGA has been configured. f an ACLR or
SCLR signal is asserted, the phase offset angles
settings will not be altered. Note that the. Fixed,
Frogrammable, or Nane option Is applied for all
DDS channels.

Clear Optiong: It the ACLR Fin is selactad, the care
will be generated with a asynchronous reset. If the
SCLR Pinis selectad, the core will be genemmted with a
resat that Is synchronized ta the cleck, When asserted,
tha internal lagic returns to its Initalized state. Note that
all programmable values are retained. The Sine and
Cosine output ports will be driven to Zeros until enough
clock cycles have passed to fill the core’s internal
pipaling, which can be determined by the Latency
valug,

Clock Enable; The Core can have an optional clock
enabla port,
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Figure 33: DDS Parameterization Screen - Field 2
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Width wil| be fixed in 20 bl

* Memory Type: This field contrgls the location of the
irigonometrig l00kup tapig, When Distritrstac

ROAM s Salectad, the tabla jg Placed in distribytag
mamory. I Block ROM is Selected the able will pe
impl'gmemeu using block memory. 1t Ay iz selected,

I {'M"-‘oﬂ'n:l- —_
i T acieey, [ | [N D

friomisag - T ________I |

. T | the agtyq Memory  tyng Wil kg altomaticg)yy
o larmingg, basad an Other corg fametars, Udlin
LIOME e rp | |' el % o nélliding

r"‘hr'ﬂ'm%—————— Mo . - : y

| Z o i | LF s ] | . Handshakmg OUptiong: Optiona) handshal-ﬂng Ports—
e e S e Dyand Rrp_can be included on the Core. The gep
I' Fh — 'I odisnig _|II |' OUtRUL signal js simply tisg 1 VCC and g &n optiong)

. As
OUIPUE signg) identifias when valig sine/cosine 54 mples
appear an these poris after tha Core jg started fram
851 — aithar afler system PoWeron o a4 rosg
{synchronoys ar asfnchmnuusj. ANy type of COMe ragosy

; ; Miteds Parameter js 5o 0 & value of ar mare
Noise Shaping: The radlg bunqns N this frame Controf and the Channal piy Parameter |5 Selected, an
Whother & phase neation, dithereq DDS, or Tayior additional autpyr v be generateq 4, indicate whigh
28ries og BNerated,

Mmplementation are g
When Az, Is seleciad, the nﬁise-shapln vpe will pe ; : .
aummaﬁcaliy detennfned, based pn g oufer cote  *  Plpelineg: When Fipefinad g solacted. thea care wifl bg

Parametars including sEpg When Nong is selected, 5 denerated with pjpe“","”g Tedisters ‘“?Er'?ﬂ Mioughout
phase truneation ppg IS produced When Fhasa tha Satapath. The Msertion o pipeling fegistars
Ditharing is Selecteq, a dithered Dpg Implementation i Gnables the gore 1g fun at higher clock rates by
generatad. Wha Taylor Serjas Comecteq|s selected, 5 Shortening  fhg delays bemween foQister Stages,
Taylor sering Cortected  ppg Imprﬂmen!atfon Is Pmennlng Increaseas the latenicy of the corg, whigh i
Senerated. Tayior srias SOTectad implementationg are feported by the Latency value on the summeary Fage of
SUPPOrted for only Vittex-i1, Virtas.)) Prg, Sparran-”E. the GLUI (Figure 351 1t Fipelined s fluld selegte_d. the
and Sparian.s FPGAS. The Tavior Seres Cofracteq latengy of the eore wij be zerg when a distributeg
fadio button wi pe disabled whon other architecturag Memary implementation has been selcreq and the
are  seiopts When Taptar Sarfes Cp is _Iatsncy """’_' be  one "‘r'hﬁ“ 2 Mmemory
selected, the FeCUMUtator width i b8 fixad to 32 pizg "Mplementation hag Been selected,
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W"ﬂ Dlirmct Do Hal SpvithucilFar W [t O gyital Syrthiaairer
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Ehisnes I HE Ditnacn
| [rz: 2l Rore L -]
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P T Fakibubad Mooy Phmea Gt Walied HES
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|
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e | TEAT] b il | P 5605
_jfunk _l:iurran r.‘-rh:hu;l | N ikt bk | ; [ Mty Seve Fidipnd _&mfm ! __:lq:rhll._l M dfmal. J . "\rl.mr.m.'“ | ™ Lk Care S poepri=
Figure 35: DDS Parameterization Screen - Field 4 Figure 37: DDS Parameterization Screen - Field 5

Phase Accumulator: Phase accumulator precision.

This field defines the precision of the PACC register Tahle 3- Virtex Core Resource Utilization for Various
{Figure 16). The lucation of the register in the phase  Table Sizes (Distributed ROM Implementation: 32-bit
accumulator is controlled by the latency selection  Data Width; 32-bit Phase Accumulator Width)

gptions. When the one-cycle latency option is selected, i
the phase sccumulator will be as shown in Ancl Output Single S
Figure 36(a), When the zero-cycle oplion is selectad, \Fﬁgth Width Output SaEi
the arrangement in Figure 36(k) is employed. A
Layout: This checkbox controls whether a relationally 6" 8 %2 49
placed MACAO {RPM) or a module with no placemant 12 40 65
information is generated. When checked, an RPM is
prodused. 16 48 81
32 80 145
ACCIMITATOR ACCMUILAT
J(P.Ar':{“.‘! [PACE) a a8 &3 71
........... , , i) O
|L—‘ i =y 12 53 g1
Yo ) L L La | 16 63 111
i ! ol ——— = | ITEREEE i it
[ |AJ : 32 103 161 i
i) (ke wla 1= 10 B J a5 175
Figure 36: Register Options for the Phase 12 199 051
Accumulator--PACC e S S P el
16 171 327
az 323 831
* Fullwave gets stored, o
Mote, Slice rouned (€ an apmrosimealion.
} www xilinx.com D5246 April 28, 2005
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whle 4: Virtex-l Core Resource Utilization for Various Table Sizes (Distributed ROM
wplementation: 32-bit Data Width; 32-bit Phase Accumulalor Width)

Phase Angle Width Output Width Single Output "~ Sine and Cosine
B* 8 az 49
12 40 I 65 -
16 a8 81
a2 80 145
8" 2 80 145
12 BT 200
18 144 273
5 272 ' 529
10 8 89 162
12 123 230
16 157 ) 296
a2 Cog2 568 ]

Zullwenit: gEts Rtorad.

oter Siice court 15 8N SEpToXTanon.

ible 5 Virtex Gore Resource Utilization for Various Table Sizes (Block ROM Implementatiom: 32-bit Data Width;
-t Phase Accumulator Width)

Theta Output Single Output - Sine and Cosine J
Width Width No. of Slices | No. of Block ROMs No. of Slices Mo. of Block ROMs
6 8 16 i* 17 vy
12 16 1" 17 1=
16 16 1 17 1'*
32 16 1* 62 5
8 B 16 1 17 *
12 16 i 17 i* e
16 16 i 17 1
R 42 1 68 2
10 8 33 1 50 1
12 a5 1 4 1
16 a7 8 58 1
32 a5 2 74 2
13 8 a7 4 50 4
12 39 g 63 &
16 M 8 &7 8 T
32 48 16 81 1 16

3046 April 28, 2005
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ble 5+ Virtex Core Resource Utilization for Various Table Sizes (Black ROA Implementation: 32-bit Data Width;

i3t Phase Accumulator Width)y {Continued)

Theta Output Single Output R Sine and Cosine
Width Width | po. of Slices | No.of Block ROMs | No.ofSlices | Ho. of Block ROMs
16 ) 69 o8 120 o3
12 87 as 156 44
16 105 60 192 60
32 239 124 461 124 N

ble & Virtex-ll Core Resource Utilization for Various Table Sizes (Block ROM Implementation: 32-bit Data Width;
-bit Phase Accumulator Width)

Phase Angle Output - ?‘:lngle Output Sine and Cosine
Width Width No. of Slices | No. of Block ROMs MNo. of Slices Mo. of Black ROMs

6 8 16 1% 17 1*
12 16 1* 17 BE

16 16 1* 17 14

R 16 * 17 1

& 8 16 1 17 1*
12 16 17 17 1°

16 16 1* 17 14

32 16 1* 17 i*

10 8 16 1* 17 1*
12 16 1* 17 1%

16 18 1 17 17

32 45 1 74 1

13 ] 36 1 a7 1
12 a8 2 61 2

16 40 2 55 2

a2 43 4 83 4

16 8 29 T 62 7
12 63 10 110 10
16 85 14 114 14
o2 122 28 226 28

ultweve pets stored.
1o additional logic required for the phase dithered DDS is 55 slices. The total slice count can ba calculated by adding 55
any of the slice count data shown in Table 3, Table 4, Table 5, and Tabla &,

e ulilization for the Taylor series corrected DDS ks as follows: 31 & slices: one 18Kb block AAM, and two 18x18s embed-
xd multipliers.

Mate; Shice couat i an approxirmalion
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CO File Parameters

12 parameters supplicd via the fitter GUI are captured and logged 1o the.xea file. The full name of this file is simply the
ymponent Name with an xeo file extension. Table 7 defines the .xca file parameter names and range specifications,

jura 38 is an example xco file.

iz 7 XCO File Parameter Names, Definitions, and Range Specifications
Parameter Name Definition Range
iusFormal Controls the notation employed for [BusFormatAnglaBracket | \
idantitying buses in the output edif natlist file | BusFormatParen}
imulationCutputProducts Core HOL simulation selection — either fYHDL | VERILOG) .
VHOL or Verilog
YewlogicLibraryAllas Fathname to Viewlogic directory Walid path name for the user's upera:dng
system
ilinxFamily The FPGA target device family [Virtesc | Virtaxa | Virtex2 | Virtex@p |
Spartanz | Spartan2e | Spartand)
tesignFlow HDL flow spacifiar {VHOL | YERILOG)
TowVendor . Dasign flow vendor infarmaltian {Other | Synplicity | Exemplar | Synopsis |
| Faundation}
hannels | The number of independent channels the | [1,...,16]
generated corg will support
;ate_rpm Whan create rpm=frus a Cone with ftrue | falsel}
embedded physical placement information
is generated. If creafe_rpm=ialse the Core |
is generated without placement data.
ipelined This parameter controls the degree of ftrue | false}
plpelining emplayed in the sinefcosine |
lookup table, When set to frue the table is
fully pipelinad. When set to faise the
minimum (zero for the case of a distributed
FOM) number of pipaline registers are
usad.
pize_shaping When i {Taylor_Series_Corracted |
noise_shaping=Taylor_Series_Corrected,a | [Phase_Dithering | None | Auto}
Taylor seres corected DDS is gencrated.
When noise shaping=Phase_Dithering, a
dithered DDS is generated. When
noise_shaping=None, a phase truncatian
DDS ig generated. Whan
noise_shaping=Auto, the noise shaping
type will be determined by the core.
E{_enahle Clock enable, When ce_enable_truea [true | falsa}
clock enable port is included on the
component. When clock_enable=false the
clock enable port suppressed. |
-f:ru rious_free_dynamic_range | A quantity that describes the spoactral purity | [18,...,115]

of the output wavelorms

|

30244 April 28, 2005
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tble 7: XCO File Parameter Mames, Defindions, and Range Specifications (Confinued)

Parameater Name

Dafinition

Range

coumulator latency

The user may control the position of the

| registar in (e phase acoumulator. When

| @ccumulator_register=ONE CYCLE the
reqgister location shown in Figure 38(a) is
cmplayed, When
accumulator_register=7ERC_CYCLE, the
register loeation shown in Figure 381b) is

pmployad.

{ONE CYGLE | ZERQ_CYCLE]

clr__pin. . | Eyn;cﬁ.mﬂuus clear. When- sefr_pin=true, g | {lrue | false)
synchronous reset port s incuded on the
compenent. When scolr pin=falsa, the
synchronous re recet porl suppressed,

dy_pin When rav_pin=frue, the DDS Caraineludes | {trua | false}

wemory_type

a ADY output signal_ If rdy pin=false, the
ROY port is suppressoad,

distributed or block memory. When
memary_type=Block ROM, the samplos
are storad in Block meamary. Whan
memary - type=LDistribuled ROM,
distributed memary Is used. When
memory. vpe=Autg, the memary type wil
be detarmined by the core,

hase_Increment

constant (phase_increment=Fixed).

The phase increment value, thatis the delta
phase increment supplied to the phase
accumulator, may be sourced (by the
PACC) from slther a memaory
{phasa_incremem=Frogrammabie) or a

f = s ad - —|
Tha sinefcosine samples can be stored in ,r {Block. ROM | Disttibuted_ ROM | Auta] |

[

{ngramm able | Fixed}

hannel_ p1'r|. . i channels is greater fhan one, a ftrue | raiser'
GHANNEL porl can optionally be added

£E16dc__rata Frequency of the DDS clock signal [0,...,300]

ol pin Asynchronous clear. When acl_pin=true, | [true | false}

an asynchronous reset port is included on
the component, When aclr_pin=falsa, the
asynchronous reset port suppressed.

amponent_name

Textbox that defines the DDS companent
name

|

| Anyvalid fite name for the user's operating

system consisting ol the letters 5.2, 0.9
and '_', The companeht name may be &
maximum of 32 characters,

egative_sine

A-.pplicablc orly if a sine port has been
spacified for the particular core instance.

When negalive_sine=false, the signal
| presented at the sine port is sin &m.
| When negative_sine=trus, the signal
| presented at the sine portis - i #ix)-

ftrug | false}

v Milinx.com
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Wwle 7 XCO Filo Parameter Mames, Definitions, and Range Specifications {Continued)

Paramete_r MName

Deflnltlon

iutputs  requined

The DOS may be customized bo provide a

| sine-only autput (function-Sine), cosine-
| only output (funcion=Cosing) ar bath sing
! and cosine (quadrature) cutputs

{function=5ine_and_Cosing).

wtput_fraquencies

egative_cosineg

A comma-delimited setof frequancy values.
The number of values is determined by the
channels value. Frequency values ars
decimals.

'd_pin

Applicable only if 8 cosine part has been
specified for the particular cors instance.

When negative cosine=falze, the signal
preseried at the cosine port is €05 &n)-

| When negative_cosine=true, the signal

.hase_nfrs.et_énglas

presented at the cosine port is - cos s

| {true | falsef

{Sine | Cosine | Sine_and_Coslne}

'u';l.-fhsn rd_pin=trus, the DDS ::ore-iﬁc!udgs
a RFD output signal. If fid pin=false, tha
AFLD port is suppressed.

A comma-delimited sel of phase offset
angle factors. The number of valuas is
determined by the channels value. Phase
offsct values are decimals from -1.0 to 1.0.

{true | false}

‘sguancy_resalution

A decimal value which determines the
granularity of the aufput_freguencies

hasa_offset

As shown in Figure 16, an optional phase
offset can be introduced at the outpud of the
phase accumulator. When

phase offset-Frogrammable, this valuc is
supplied by a momory. When

phase offset=Fixad, the phase offsetis a
constant that is supplied by the
phase_ofisel_angles fietd when the core |5
elaborated. If phase_offset=Nons, no
phase offset is included In the datapath.

. {Prog rammable | Fixed | None}

3246 April 28, 2005
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'S Design Example 1

4 Kilimx CORE Genermstor 5 1.025 Cores Lpdate # 1
# Lisemame = nyguist

i COREGeniath =Cluilngicorapen

# F'm]ladFaﬂ'l:C:'lxiink_projects'.DEF'Grmp‘Jﬁ_pﬂr:fuﬁuhjﬁs'mre
# ExpardudProeciPath = Chailin_preajert\DSPGrouptip porbolichddsieore
& Core nama: wel_cxample

SET BusPoamnal = BusFormatParan

SET SimubafionOutputP rodusts = YHOL

SET ViewlogicLibran las =

SET XllinxFamily = Virtei2

SET NesignFlow = VHOL

SET Flowvendor = Synplicity

SELECT DIrsc!_Digit,n! Synthesizer Vit Kiinx_Ihe, 4.2
CHET charnzis =1

CBET create_pm - true

CSE T pipsfined = true

CEET noise_shaping = Taylar_Serfes_Comectsd
C3ET cloch_enabla =t

CHRET Spricus_free. dynamic ranoa = 104

CSFT apcumulaion_stency = One_Cycle

CSET seir_pin = fise

CSET ray_pin = trus

CSET memony_type = Block ROM

CEET phase_increment = Programmabils

CSET channel_pin = falas

CSET dda_clock rate = 100.0

CSET aclt_pin-= Eiiga

CSET compoient_nsme = XO0_EXample

CSET negative_sine = true

CSET autputs_required = Sine and_Cosine

CBET autput_frequenciss - i.323

CSET negatve cosine = false

CEET dd_pin = falen

GSET phasa_offset angles = 0.0

CSET frequency_resalution = 0.4

CSET phaze olfzal = Nona

GENERATE

Figure 38: Example DDS XCO File

sider a DDS that is to satisfy the following requirements

frequeniey Tesolution Af =125 Hz

O i O L S5 supprezabon S =90 B

S =120 e

Clunrature ipul; 3(er—g e GBS sa B T

whiers the phase etfiet 74 rudinng
DDS GUI accepts system-lavel parameters instead of
avel parameters such as the width of the phase accu-
tor, width of the phase angle, ete. Because of this all of
2quiremants above can be entered Inta the GUI directly
wit having to calculate low-laval core details, To fus-
this example 1 will show some caleulations that the
does automatically.

field width of the phase accumulator (PAGGC in
= 29) defines the DDS frequency resolution according

et 09

A
:_:l L]

weenft]

=|1la I?I'D.':E‘l
=& aar |
~[amg8a50]

=20 hits

a5
By ={—
s [E

=I|I’:|-|

w [ hits

Therafore, the bit-precision lor the PACC rogister is

(16)

The spur suppression requiremeant is the dominant consid-
eration when selecting the depth of the sinefcosine lookup
table. Of course, the table samples must be specified with
an appropriate precision to support this value. As noted in
an earlier section of this doeument, each sinefcosine table
address bit contributes approximately 8 dB of spur suppres-
sion. To meet the -96 dB spur level, the number of address
blts required is

(17)

whanw. Xilinx.eom
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w lable depth Nis
a= 2" o 2% L gsse mninles {18) e
18 phase offsot value POFF is determined as | j
20 i G eiEENE T T T 7T
P o i i Pask Sy —BE158BD |
POFF=2% = D e - e :
rx | | PACE Prockion = 29 |
A0 el DWiar2Eie Jaasds - - - -
=[1== _f} (19) 8 | |
1m M ; == | | |
=6T108864 B B s e S R
generate a 10.2 MHz output signal the phase increment ST 1 1 i AT gk | o |i | ;
rald be L
-4 2 ClL B gl ) et
- i Ak 20 1] o0 4 B0
ﬁg.:--'ruz 3 Fragquency (MHz)
" {:ID.K,,. {20} Figure 39: Phase truncation DDS example 1. 10.2 MHz
s —j'*;{l;l-@% output tane. The highest spur is below the reguired 96
[ 45634007 52 dB suppression value. The table depth is 65536
=S5G3R samples,

he AINC s conflgured to be programmalze than the out-
t trequency can be adjusted while the ODS is running. [
ier far the DDS to be tuned w0 8.2 MHz the new PING can
calculated o be

B
Ag=mZ -
T )

__-?".:_ZKIU(':-:E:?
120x10°
=[36686178.98 |

= 36686178

write this new value to the FINC memory it must be pre-
tted on the DATA port along with an active WE and
sropriate address on the A port. The DATA poart will
iume the same width as the FACC which was calculated
38 24 bits. The width of the DATA port is also reported on
3@ 4 (Figure 35) of the GUI, The PINC value represented
a 29-bit binary value is

2 == 0001000101111 1103100101 10040°

1re 39 is A spectral plot of the 10.2 MHz output signal.
sarve that the highest spur meels the 96 dB spur sup-
issian requirement,

in this example, the phase truncation DOS regquires 16 of
the 18Kb block RAMs for the lookup table storage. If a
phasa dithered DDS is used the lable depth can be reduced
to 16384 samplas which reduces the memory requirement
to 4 block RAMs. The output power spectrum for the pre-
tarred dithared DDS design is shown in Figure 40, Note that
the minlmum spur suppresslon has been achieved and the
line structure of the spectrum shown In Figure 38 is no
longer present.

T At MA
Frunk Spg = -RE £ S
LT Dt = 1ea4 |
| LET Prnsgian =17
y PAGG Friciton = 37

50 - - BT NS Ha - - -
| \
g |
Bt - - - - - ; B ER - :
-1
520§
4o - i
iﬂ A0 sl Li] i} 40 B0

Fraguancy [MHz‘r.

Figura 40; Dithered DDS deslgn for example 1. 16.2
MHz output tone.

Usling the dithered DDS, the highest spur, at -99.4038 dB, |s
well below the required 96 dB suppression value. |f Virtex-l,
Virtex-1l Pro, Spartan-ilE, or Spartan-3 FPGAs are being
used and two embedded multipliers are available tha Taylor
series corracted DDS can be used. While this architecture
produces spurs at about -115 dB, which is much cleaner
than the required -86 dB, the table depth is reducad to 4096
samples which fits in a single 18Kb block RAM. The output
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awer spectrum for the Taylor serles corrected DDS s .
hown in Figure 41, e —
Af=—2_— .
Ja
» = : 4
! AT i = 13
-1 _;IgnEk'Elil.r'-r' TELEATEN T ] _:jr_n._ _Xj
:ﬁgﬁ;ﬁj i Tanadt
iMACE Pregiilan =33, 4
RS T Ag, =1120
! L7 dE A _
____.: BLdB ﬁﬁ—].’r‘:ﬂ
5 - A8, = 1666
l ATE O | AR =193%
AN | | :|| | 4 TR These four PING values represented as 27-bit binary values
Fla T 20 40 it are
Fraquency (MHz}

Figure 41; Taylor series corrected DDS design for
example 1, 1. 10.2Mhz output tone.

sing the same requirements as belore this example can
3 extended to use a multi-channel DOS. In doing so some
Fthe calculations change slighily. Assuming a four channel
DS the frequenoy resolution is defined by

.'Irnll.

@{‘ _ clanneis

Z-Bﬁ"{m
1erafore, the bit-precision for the PACC register is

T {23}

ssuming that the four tones to be generated are 8.2 MHz,

1.2 MHz, 12.2 MHz, and 14.2 MHz, the phasa increment

auld be

Af, = 00000000000CON00TINGT 100000,
A8 =000000000000000010101 110001, (25
Af, = 00000000000000001 10716000010,
A, = HO00000000O000001 111001001 1,

Figure 42 shows the power spactrum for the four-channal
DDS implementsd as & Taylor serles corrected DDS.

; AT T
CR 1| S A 1.5 3 P
=20 TR T TR mE e
. 4= 142 WHe
M=l ok Sptre = 18 f -
, i LT ol = 4098 |
H \ (LUT Praqaian = 56 |
Ll ———- - {BACE Eraclalon = 8- — —— 1
Faa) 1 10-W a0 1503840
== Lot
= sl . 1 -7 .
i } 184 4B :
BT A N |
I 116 uB, i
12{|i—'—___':',l._'__'_'|_ | _..il _____ .i'_;_'
WAy 4| ! |
| AR 1 '
A% ik | |a I:”:lili'il'-.ll : rl]Lij,;!!j!!, bl
-%E -4i] -2 i a0 40 &0
Frequearay (MHz)

Figure 42: Power spectrum for the four-channel DDS
Implemented as a Taylor series corrected DDS.

¥ wwew xiline.com
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)DS Design Example 2

ansidar a DOS that is to satisfy the following requircments

frequency resulutinn A =03 [

Mim e spse suppression 3 =82 d4

L = BN

Cuadrarire autput: =0V conidie) | @l (20T )
wihere he phase nffral =50 dans

he DOS GUI has been redesigned allowing the user to
“ter systerm-level parameters instead of low-lovel parame-
irs such as the width af the phase accumulator. Because
F this all of the requiraments above can ba entered into the
Ul directly without having to calculate low-level core
stalls. As an exercise this example will show soma calcula-
s that the core does automatically.

he field width of the phase accumulator {(PACC in
igure 29), defines tha DDS frequancy resolulion according
|

af = Ja {26)
2 L L
harafare, the bit-pracision for the PAGG reglster s
,ﬁk]
B, log,|+=
fat E[ T,
a0 10¢
27
[‘“ET K] -I 27)
[27890456]
= 74 hls

he spur suppression requirement is the dominant consid-
ation when sclecting the depth of the sinelcosine look-up
Ble. Of course, the table samplas must be specitied with
1 appropriate precision to support this value. As nated In
1 eariier section of this documant, each sinefcosing table
derese bit contributes approximately & dB of spur suppres-
on. To meet the -82 B spur level, the number of address
ts required is

B2
(2]

=[13.666]
=14 hils

(28)

he table depth Vs

P T 71 sanples {29}

| this example, the required phase offset has been speci-
=i @s a negative value. The phase offset valus -50
egrees is the same as +310 degreses.

The phase offset value POFFis determined as

POFE=N ——

[1 6384 3[1"] (30)

a0

=14336,,

To generate an 8.4 MHz output signal, the phasa increment
would be

Ilr? A j’_l 2%?}
T
Btz (@1)
I e
=[172032]
=720

It the DDS is configured such that the output frequency is
programmable then the value of 1720 must be presented on
the DATA port for writing to the PINC memory. The DAIA
port will assume the same width as the PACG which was
ealculated to be 28 bits. The PING value represented as a
28-hit binary value 15 ag=oph 100 1 1001030001 L1101,

Figure 42 Is a spectral plot of the 8.4 MHz output signal.
Obearve that the highest spur meets the 82 dB spur sup-
pression requirernent.

i i i

1] it I AR ST o == ]

i ]

R i1k o, - E S
Pk i < 2187
| LT Depth = 14384

a0t - - === = === —{ HT Pricinwer=ir == ==

| PACE Arecision = 20 i
i BEtaszoz ety

T]L:!f

B hE l—‘
1421;'13 II{

Figure 43; Phase truncation DDS example 2. 8.4 MHz
output tone. The highest spur is balow the required B2
dB suppression value.

The output power spectrum for the preferred dithered DDS
design s shown Figure 44, In this case a 4096-decp table
has been employed. Note that the minimum spur suppres-
sion has been schioved and the line structure of the spec-
trum shown in Figure 43 is no longer present, Since the
desired spur suppression has been achieved while only
consuming a single 18Kb block RAM the phase dithered
DDS is the best araa effident solution, since moving 1o the
Taylor series comected architecture would reguire more
resaUrcas.
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Kpressg Cafe or contact your local Xillnx sales represen-
tative.

Information on additional Xilinx LogiCORE modules is avail-
ahle an the Xilinx IP Center.

Frequancy (MHZ]

“lgure 44: Dithered DDS Design for Example 2. 8.4
AHz output tone. Uslng the dithered DOS the highest
spur, at 84 dB, Is below the required 82 dB
apprassion value, The design uses a table that is one
quarter the depth of the phase truncation

implementation.
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