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ABSTRAK

PERENCANAAN DAN PEMBUATAN PROGRAMMABLE
SWITCHING POWER SUPPLY 0-15 VOLT, ARUS
MAKSIMAL 2 AMPERE DENGAN MENGGUNAKAN
MIKROKONTROLER ATR89S8252

Ismail Jufri
Institut Teknologi Nasional Malang, Fakultas Teknologi Industri, Jurusan
Teknik Elektro S-1, Konsentrasi Teknik Elektronika, e-maif «
Iiry@:Yohoo.com

Kata Kunci : Switching power supply, Mikrokontroler AT8988252, LCD

Alat ini bertujuan sebagai sebush catu daya jenis switching yang dapat di
program uniuk mendapatkan besaran teganpan yang diinginkan dengan cepat,
slabil, dan presisi.

Dengan menggunakan mectode pengolah lebar pulsa (PWM) vang
dibangkitkan olech mikrokontroler ATB9S8252 scbagai pengolah data, penjaga
kestabilan serta pengolah keputusan didapatkan lebar pulsa yang bervariasi.

Schingga output dapat diatur sesuai keinginan kita yang dapat beroperasi
pada frekuensi tinggi antara 1-100 KHz dengan pengaturan tegangan yang haik

dan bernilal error kecil £ 1.20 94,
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BABI

PENDAHULUAN

1.1, LATAR BELAKANG

Calu daya jenis switching ditandai dengan adanya penggunaan piranti
semikonduktor yang berfungsi untuk men-switch (mensaklar) alitan arus di dalam
catu. Mempunyar regulasi yang baik karena menggunakan close loop, ukurannya
kecil dan kemampuannya untuk dapat beroperasi pada tegangan yang masuk vang
lebih besar. Sebagai tambahan, karena semakin murah harga semi konduktor
berdaya tinggl dan rangkaian (erpadu maka catu daya jenis switching ini
mempunyai banyak keuntungan dalam segi ekonomis.

Catu daya elektronik (atau catu daya yang digunakan dalam rangkaian
elektronik} seringkali berarti sebagai pengubah (altering), pengendalian
(controliing) atau pengaturan (regulating) daya listrik. Pengaturan cukup padat
artinya, termasuk penyearah gelombang (rectifin), mengubah AC ke DC {imvert),
menghaluskan (regulusi), atau mengubah tingkat tegangan atau arus, sedangkan
catu daya jenis switching melibatkan proses membangkitkan pengaturan dan

penyaringan oleh piranti swirching.




L2, TUJUAN
Adapun tujuan atau sasaran yang ingin dicapai dari skripsi ini, adalah
sebagai berikut:

1. Merencanakan dan membuat sebuah catu daya jenis switching yang dapat
di program untuk mendapatkan besaran tegangan yang diinginkan dengan
cepat, stabil, presisi regulasi yang tinggi, lebih ringan dan berharga lebih
murah dan outpul dapat diatur sesuai dengan keinginan kita..

2. Mendalami pemakaian peralatan pengolah modulasi lebar pulsa (PWM),
khususnya yang dibangkitkan oleh mikrokontroler (Digital PWM) untuk
mendapatkan lebar pulsa yang bervariasi.

3. Mendalami pemanfaatan mikrokontroler khususnya ATBYS8252 schagai

pengolah data. pemjaga kestabilan serla pengolah keputusan.

1.3. PERMASALAHAN

Bagaimana mendesain rangkaian /rverter harus disesuaikan dengan jenis
inti transfomator frekuensi tinggi yang ada dipasaran, dan apabila vang diinginkan
secara khusus, kita dapat mendesain gulungannya sendiri.

Kelemahan dari analog adalah pengolah lebar pulsa secara analog sangat
sulit diterapkan untuk tegangan yang bervariasi, karena pada suatu tegangan
tertentu, OF AMP didalam PWM (Pulse Width Modulation) analog menjadi kritis
dan interferensi gelombang dari swifching itu sendiri dapat merusak bentuk
gclombang yang asli. Dalam hal ini penulis menggunakan mikrokontroler sebagai

pengendali lebar pulsa agar tegangan yang dihasilkan dapat bervariasi.




1.4. BATASAN MASALAH

* Tegangan keluaran dari alat yang direncanakan hanya dari 0 - 15 Volt

* Frekuensi kerja antara 1 — 100 Khz

* Arus maksimum 2 Amper

* Tcgangan jala - jala 220 - 230 Voli

* Pengaturan tegangan menggunakan PWM (Pulse Width Modulation)

* Tralo yang dipakai adalah trafo dengan inti ferit, unit ini tidak dapat

dibebani 2 Amper karena kondisi trafo,

1.5. METODOLOGI

il

2.

-
3

Studi Literatur.
Perencanaan berdasarkan studi literatur dan komponen yang ada
dipasaran.

Pcmbuatan dan pengujian.

L.6. URAIAN SINGKAT

Skripsi ini membahas tentang perencanaan dan pembuatan programmable

switching power supply dengan kemampuan output tegangan antara () sampai 15

Volt dan arus tidak lebih dari 2 Ampere, disamping itu dibahas beberapa piranti

penunjang seperti ADC, desain filter, cara mendapatkan lcbar pulsa variabel,

sistem pengontrol kestabilan yang digunakan dalam pembuatan alat ini.




Bab pertama merupakan pendahuluan yang berisikan latar belakang,
tujuan dan permasalahan vang mendasari pembuatan skripsi ini.

Bab kedua membahas apa yang dimaksud dengan sistem peregulasian atan
pengaturan catu daya swifching, cara mendapatkan lebar pulsa variabel,
mikrokontroler AT8958252 serta piranli penunjangnya dalam pembuatan skripsi
ini.

Perancangan perangkal keras dan perangkat lunak dibahas pada bab tiga.
Pada perancangan perangkal keras akan dijelaskan masalah-masalah dalam desain
perancangan suatu switching power supply, hubungan antara mikrokontroler
A 18958252 dan peralatan pendukungnya. Pada perancangan perangkat lunak
akun dijelaskan mengenai langkah-langkah pembuatan program minimum sistem
ATHYSE252.

Rab empat merupakan bab pengujian alat, pengumpulan data hasil
pengujian dan analisa data. Sedangkan pada hab lima merupakan bab terakhir
buku ini yang berisi kesimpulan dari seluruh hasil sebelumnya.

Lampiran dalam buku ini, khususnya data sheel, harus dianggap schagai
satu kesatuan yang utuh dengan bab-bab vang lain, mengingat hal-hal vany
tercantum dalam data sheet sudah dianggap umum dan tidak memerlukan

pembahasan |ehih lanjut,




BAB IL

DASAR TEORI

2.1. RANGKAIAN DASAR DARI SWITCHING REGULATOR
Rangkaian switching ditandai dengan adanya piranti swifch vang
mengadakan transfer energi dari input ke outpul rangkaian, Secara garis besar

rangkaian ini dapai digambarkan sebagai berikut;

oy 1av
L |
| Kme S kLiprox
15A| 14 Trafe o
] = T —— — .
- VR A —o S| AN
) ' .1.?1_;_0_1!:‘ fg) o ﬁ&bj}' |
25 - T/ i | R Tl S | 1 -
! A v
_ iR, I S Oupue
—
oy oV I

GAMBAR 2.1,

RANGKAIAN DASAR SWITCHING REGULATOR




2.2, KONFIGURASI RANGKAIAN PENGONTROL

Ada banyak konfigurasi rangkaian pengontrol pada mode operasi dan
piranti switching yang digunakan dalam catu daya jenis switching. Memang
banyak sekali pendekatan yang dapat digunakan untuk memenuhi kebutuhan yang
sama itu. Seluruh metode ini pada dasarnva adalah terdiri dari keadaan konduktif
“On™ dan "Off”, Cara-cara ini dapat diperinci sebagai berikut ;

1. Vanasi kedua frekuensi dan waktunya yang dapat secara random atau

waktu “OIT" vang konstan,

2. Frekuensi konstan, dengan waktu “On’ vang variabel.

3. Walktu *On” konstan {atau lebar pulsa) dengan frekuensi variabel,

Disini penulis menggunakan konfigurasi yang kedua yaitu frekuensi

konstan dan waktu *On” vang variabel.

2.3. JENIS-TENIS KONVERTER

2.3.1. Jenis Konverter Tidak Terisolasi

A. Buck adalah salah satu jenis konverter step down tanpa isolasi.
Tegangan outputnya selalu lebih kecil atau sama detigan fegangan inputnya.
Rangkaian Auck memutuskan tegangan yang masuk dan menghasilkan sebuah
lebar pulsa gelombang persegi yang variabel. Pada mode ini tegangan output =

tegatigan input = duty cyele.




BUCK (STEP DOWN)
VYV Out < In
GAMBAR 2.2,

KONVERTER TYPE BUCK

B. Konverter dari jenis yang lainnya adalah jenis Boost, Konverter ini
lebih halus dibandingkan dengan yang pertama dan converter ini dapat

menaikkan atau menurunkan tegangan output

+Vin +Vout

G - [ > - 5
S




+#Vin -Youl

7 r .\1
5 a— 1 | T &

BOOST (STEP UP)
Vout = Vin

a.

BOOST VARIATION
STEP UP OR DOWN
b.
GAMBAR 2.3.

KONVERTER TYPE BOOST

2.3.2. Jenis Konverter Terisolasi

A. Fly back merupakan konverter terisolasi dimana ia mempunyai dua sisi
kumparan yaitu sisi primer dan sekunder. Sisi primer menyimpan energi dan
kemudian menginduksikan energi itu pada sisi sekunder untuk selanjutnya
disearahkan dan difilter.
Suatu lilitan Clamp adakalanya (Gdak mutlak) diperlukan pada mode ini untuk
mengembalikan energi reaktansi bocor ke jala-jala dengan baik.

Keunggulan jenis ini terdapat pada harga vang murah karena tidak

memerlukan induktor “Choke”, tetapi disisi lain kelemahan rangkaian ini terdapat




pada ripple fuctor

yang lebih besar dibandingkan denpgan jenis yang akan kita
bicarakan.

FLYBACK CLAMP WINDING OPTIONAL
GAMBAR 2.4.

KONVERTER TYPE FLYBACK

B. Forward adalah jenis catu daya yang mutlak memerlukan lilitan Clamp,

Mode ini lahir dari pengembangan jenis Buck dengan bentuk trafo yang komplek.

Jenis ini kebal terhadap gangguan kejenuhan inti trafo karena adanva
lilitan Clamp sebagai kompensasi,




FORWARD

| {{-;'1 f o ]—'
J e T
Ilﬁi 3l (%) e
A A
t»%‘ €

CLAMP WINDING IS NECESSARY
GAMBAR 2.5.

KONYFERTER TYPE FORWARD

C. Push-puil adalah merupakan konverter lertua yang pernah dipakai, type
ini sangat mudah diaplikasikan dari tegangan 12 voli DC sampai 120 volt DC
input. Saturasi inti trafo pada tegangan input kecil sangat minimal, tetapi jika
dipakai input DC yang besar maka saturasi inti trafo akan menjadi masalah yang

sulit ditanggulangi.
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FVin + Vout
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PUSH - PLILL

(:.AMBAR 2.6.

KONYERTER TYPE PUSH - PULL

D. Half and Full Bridge

Rangkaian paling populer yang sering dipakai untuk daya besar adalah
dari tvpe half bridge, karena :

1. Transistor tidak pernah terbeban lebih dari tegangan puncak jala-jala
setengah energi jala-jala yanyg dipakai.

2. Salurssi inti tafo mudah dikoreksi dengan meletakkan kapasitor

kopling yang kecil (2,0 uF = £5.0),

Sedangkan full bridgze menyalurkan energi pada jalur primer secara penuh,
sehingga  output trafo hampir selalu mengeluarkan daya dua kali lipat
dibandingkan dengan half bridge (dengan menggunakan type transistor yang

sama).




+ Vin Yout

J,:I:_.'. | TI
'n\:__::‘.:,'_ _Irﬂ' ] -I_.d"_" Y TR T YT \
e ——
| =14 G T
rr":_.-‘-'L. ""’j |
| [
+ ViR -rvi.'}l.lt
sl £
Y b
I"\E;FI ; '\.___,«" - s"f;;\‘-.l_ Sass
| ) AR P |
| I v S
T N
"CL_ ]
)‘ %Jw'
HALF BRIDGE
a,
FULL BRIDGHE
b,
GAMBAR 2.7,

KONVERTER TYPE HALF BRIDGE DAN FULL BRIDGE
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1.4. MOSFET
Metal-Oxide-Semiconductor-Field-Effect-Transistor (Mosfet) Blok adalgh
suatu semi konduktor yang dapat dikontrol oleh gerbang sinyal ( G> 0) jika
mendapat current Id yang positif (Id>0). Mosfet Blok dihubungkan secara paralel
dengan sualu dioda internal yang menyala ketika Mosfet Blok dibiaskan reverse
( Vds < 0). Model disimulasikan sebagai kombinasi rangkailan suatu variabel
resistor {Ry) dan induktor (L) secara seri dengan switch contral sebagai logical

signal { G=0 Atau G=0).

¥y V
5 - &

TR T
+IH_ ! N b lon
—]E e — %

(¥ |

[*a ]

Bosfol o i
I
B: draiin; S souree; 62 gote e e, ———-—— 4
CAMBAR 2.8

SIMBOL MOSFET
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Mosfet Blok menyala ketika voltase drain-source adalah positif dan sin yal positit

diterapkan di masukan gerbang ( G > 0).

GAMBAR 2.9.

PARAMFETER MOSFET

Dengan arus positif yang mengalir melalui alat, Mosfet Blok mati {turns
off) ketika masukan gerbang menjadi nol. Jika current Id negatif ( Id yang
mengalir di dioda internal) dan sinyal gerbang adalah nol ( G= 0}, Mosfet Blok
mati ketika current Id menjadi nol { [d= ().

- Catatan bahwa resistansi on-state Rt tergantung pada arah arus searah
* Rt=Ron jika id> 0, dimana Ron mendapatkan nilai tertentu pada bias
forward resistansi konduksi Mosfet Blok

*  Rt= Rd jika Id< 0, dimana Rd mendapatkan resistansi dioda internal.
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Mosfet Blok juga berisi suatn rangkaian Rs-Cs snubber sirkit, yang
biasanya dihubungkan paralel dengan Mosfet Blok. Kamu dapat menetapkan
snubber untuk memberi hambatan (Cs= Inf) atau kapasitif (Rs—03). Jika kamu
menetapkan baik Rs=Inf’ maupun Cs=0, snubber dihapus dan hilang pada icon
Mosled.

Arus Awal lc yang mengalir Mosfet Blok pada umumnya dimulai dari nol,
schingga simulasi dimulai dengan pemblokkan Mosfet . RBapaimanapun, harus
ditetapkan suatu Nilai lc yang sesuai dengan sirkuit . Dengan  demikian semua
state Iiier harus di-sel . Initializing semua state suatu konverter power-electronic
adalah suatu pertanyaan kompleks. Oleh karena itu, pilihan inj hanya bermanfaat

pada sitkuit sederhana.




s  Kotak Parameter Moslet

[ Block Parameters: Mosfet |

Fosfet (mask)
Simulates 3 MOSFET with imemal diode, in-
paraliel with 2 serss Rs—Cs snubber circuit
In on-state MOSFET has intermal esists nos
:;Hun itlds=0, Rdiods if lds<0) and
nduciancs {Lnn —mguired by model, cannot
be setis zerm). In off-st=ts I I:'gEET
impedancs is lnﬁrlm

st input {cf) | Electrical drain connection
2nd input () © Sirulink gate signal (on when
non zem)

istoutout (5) : Elactricsl sourcs conne stion
2nd oufut (m) : Simwlink measurement
oot lis(A) Vels(Y)]

~ Pammetrs - - 5 =
HCEF‘EI‘ resistance Aon {Chn'-}

D001

MWEruﬂumHnm Lnn (HA

;1l'.|-a—'5 a

Intsrral diode meistancs Ad (Ohms) :

001 -

Initial curmant | (4) :

o o

Snubber resists noe Rs (Ohime) :

10

&I.bbﬂr cspadiance CGEF,'I

|_D 0e6 o

O | Caneel | Heb | At |

®  Masukan Dan Keluaran
Keluaran dan masukan pertama Mosfet dikoneksikan ke drain (d) dan
sumber (s). Masukan yang kedua ( g) adalah suatu sinyal Simulink logis yang
diaplikasikan pada gerbang. Keluaran vang kedus adalah suatu Simulink Garis

vektor Pengukuran [1d, Vds| yang mengembalikan Voltase Dan Arus Mosfet.
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o Asumsi Dan Pembatasan
Mosfet blok mengimplementasikan suatu model macro Alat Mosfet yang
rill. Model macro ini tidak mempertimbangkan baik ilmu alat ukur maupun
proses alam yang kompleks | 1].
Di dalam Penyajian Simulink, Mosfet diperagakan sebagai elemen

nonlinear yang menghubungkan denpan sirkuit linicr scperti di bawah ini.

Linaor crcur
inputs Stute Spoce +—— ouiputs
4,8 C0
il Vi
e
1

GAMBAR 2.10.

SIMULINK MOSFET
Untuk menghindari suatu pengulangan secara aljabar, Mosfet Induktansi
Lon tidak bisa di-set nol. Masing-Masing Mosfei menambahkan suatu state ckstra
ke model sirkuit elektrik. Sejak Mosfet diperagakan sebagai sumber arus, Mostet
tidak bisa dihubungkan secara seri dengan suatu Inductor, suatu sumber arus, atau

suatu sirkuit terbuka, kecuali jika digunakan suatu sirkuit snubber.




Kita harus menggunakan suatu integrator algoritma untuk menirukan
sitkuit yang berisl moslets. ode23rb dan odel3s pada umumnya memberikan
keunggulan kecepatan simulasi,

s  Contoh

Contoh berikut menggambarkan penggunaan Blok Mosfet dalam Zero-
Current-Quasi-Resonant Swilch Konverter. Maka suatu konvertor, yang sckarang
yang diproduksi oleh Lr-Cr sitkuit resonan mengalir didalam alat tersebut, yang
menyebabkan Turm on dan Off saat arus nol [1]. Frekuensi Switchnya adalah 2
MHZ dan lebar pulsa adalah 72 derajat tingkat { duty cycle: 20%). Contoh ini

tersedia di psbmoscony. mdl file

fiadd =000
el
m ;‘E.ﬂ
o Mosfet  Seector R
Giererator
v )
Gain 40 =) +
i e
ud RO > 02uF
A Sitate-plane
r Trajectory
1 N M

|_MOS U_Cr Puse

GAMBAR 2.11.
RANGKAIAN MOSFET

Zero-Current-Quasi-Resonant Konvertor
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Jalankan simulasi dan amali voltase kapasitor tersebut. mostet arus,
gerbang sinyal pulsa, arus dioda, dan state-plane rajectory ( arus induktor vs

voltase kapasitor).

T T T
uj;r é
S ? |
2 ; :
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W x i
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30 ] 1 1 | ] J
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GAMBAR 2.12.

SINYAL, GRAFIK MOSFET
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2.5, Mikrokontroller AT89S8252

Mikrokontroller  AT8958252 adalah  mikrokontroller ATMEL  yang
kompatibel, memerlukan daya vang rendah, memiliki performa tinggi dan
merupakan mikrokontroller 8 bit yang dilengkapi 2 Kbyte EEPROM (Electrical
Erasehle and Programmable Read Only Memory) dan 256 byle RAM internal.
Program memori yang dapat diprogram ulang dalam sistem atau menggunakan
programmer non folatile memori konvensional.
2.5.1. Arsitektur mikrokontroller AT89S8252

Arsitektur mikrokontroller AT89S8252 adalah sebagai berikut:

¢ Termasuk dalam keluarga MCS 51

¢ Membutuhkan supply tegangan yang relatif kecil (4V-6V)

s & Khyte flash memory

» 2 Kbyte EEPROM

s 256 byle internal memory

o 3 x 16 bit timer/counter

s 32 pin VO

= 9 Buah sumber inferupt

e 2 buah data pointer

® | serial port full duplex




Diagram Blok AT8958252

Do -
144 +

Aun T
| r:mml TenEEn R 3
| |F&'F&TFP ALC

THPE l_I | THP |
Eid

L

=TRGE o+ THi 2]

3 B

] |
! &

Gambar 2.12.
Diagram Blok Mikrokontroller AT8958252




2.5.2, Konfigurasi Pin Pada Mikrokontroller A'TB9SE252

Konligurasi kaki-kaki mikrokontroller AT89S8252 terdini dani 40 pin,

seperti terlihat pada gambar 2.2 sebagai berikut:

r
iT2i PLOO 1 460 WCC

TZEXI P17 30 0 P00 ADM
P203 s8R0 (ADT
P12C4 T OPDE(ADS
iS5 P1A0 S 36 O PL (A0
(sl P12 6 s P4 ALY
MBI P16OT 34 [ POS (AD5)
i Al Sl 35 [ PRA (ADG)
RET ]9 BTAPRYADY

BxD PReO 10 31 pERvpp
TRV PRI 1 0 ) ALEPROGE

{THTO) P3.20) 12 20 O FEERN

(AT FI2C 13 2 OPZF AL
T PR4 14 T OPTRAN)
THPIs s 2B PZIALT)
(WRP3ED 18 25 O PTALAR)
(RO P37 017 20 P2 Al
XTALZL 18 23R P2 EAN0

XTALI[C] 1D 22 P21 (A

e Rl 21 QP2 AR

Gambar 2.13.

Konfigurasi Pin Mikrokontroller AT8%58252

Fungsi dari tiap-tiap pin adalah sebagai berikut:

1. VCC (supply tegangan)
2. GND (Ground)

3. Pont0

Merupakan port input/outpyt dua arah dan dikonfigurasikan sebagai

multiplex dua bus alamat rendah (A0-AT) dan data selama pengaksesan

program memori dan data memori inierma!
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. Poril

Merupakan port input/outprt dua arah dengan internal pull-upPort 2
Merupakan port imputioutpwt dua arah dengan imternal pudl-up
mengeluarkan address tinggi selama pengambilan  program memory
external.

Port 3

Merupakan port input/owtput dua arah dengan internal puli-up

Port 3 memiliki fungsi khusus, yaitu:

e RXD(P3.0) : port input serial

s TXD(P3.1) : porl oulpul serial

s INTO(P3.2) : intervupt ) external

e INTI1 (P3.3) > interrupt | external

« TO(P3.4) il externad fimer ()

« T1(P3.5) s input external timer 1

s /WR (P3.6) : strobe tulis memory data external

« /RD (P37 : strobe baca memory data external
. RST

Input reset
. ALE/ PROG

Pulsa output ALE digunakan untuk proses “lafehing” byte address
rendah (AD-AT) sclama pengaksesan ke memon external. Pin im juga

untuk memasukan pulsa program selama pemrograman.




8 PSEN
Merupakan strobe baca ke program memori externel.

9. FEA/VPP
Jika EA diberikan logika rendah (ground), maka mikrokontroller akan
mengakses program dari memeori external dan jika diberi logika tinggi
(dihubungkan VCC). maka akan mengakses program dari memori
internal,

10, XTALL DAN XTAL 2
Pin ini dihubungkan dengan kristal bila menggunakan osilator internal.
XTALI merupakan masukan ke rangkaian osilator inrernal sedangkan

XTAL2 keluaran dari rangkaian osilator internal.

2.5.3. SFR Tambahan Pada Atmel ATE9S8252

Selain memiliki SFR(Special Funcrion Register) seperti halnya pada
MCS-51, mikrokontroler ATMEL ATZ988252 memiliki tambahan SFR. Hal ini
tak lain adalah karena adanya fitur tambahan pada mikrokontroler ATMEL
ATEORE252,

SFR tambahan ini meliputi: T2ZCON(Timer 2 Register dangan alamat
OC8H), T2MOD(Timer 2 Mode dengan alamaat 0COH), WMCON(Waichdog and
Memory Control Register dengan alamat 96H), SPCR(SPI Control Register
dengan alamat D311, SPSE(SP! Status Refister dengan alamat AALL), SPDE{SF]

Data Register dengan alamat 86H).
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2.5.4. Data Memory (EEFROM) dan RAM

Berbeda dengan mokrokontoler standart MCS-51, mikrokontroler
ATMEL ATB988252 juga dilengkapi dengan data memeori yang berupa EEPROM
(flectrically Erasable Prograommable Read Only Memory). EEPROM yang
ditanamkan ini besarnya 2 Kbyte (2K) dan dipakai untuk penyimpanan data.

EEPR.OM ini diakses dengan mengeset bit EEMEN pada registerWMCON
pada alamat 96H. Alamat EEPROM ini adalah 000 sampai 7FFH. Instruksi
movx digunakan untuk mengakses EEPROM imfermad ini. Namun jika ingin
mengakses data memori luar (diluar mikrokontroler ATMEL ATB958252) dengan
menggunakan mmstruksi movx ini maka bit EEMEN harus dibuat™()”,

Bit EEMWE pada register WMCON harus diset ke 1 sebelum sembarang
lokasi pada EEPROM dapat ditulisi. Program pengguna harus mereset bit
EEMWE ke "0 jika proses penulisan ke EEPROM tidak diperlukan lagi. Proses
penulisan pada EEPROM dapat dilihatdengan membaca bt RDY/BSY pada SFR
WMCON. Jika bit ini berlogika rendah maka penulisan EEPROM sedang
berlangsunyg, jika bil ini berlogika tinggi maka penulisan sudah selesal dan
penulizan lain dapat dimulai lagi. Sedangkan RAM yang ada pada mikrokoentroler
ATMEL ATR9SR252 adalah berkapasitas 256 hyte. Penjelasan mengenai RAM ind

adalah sama dengan RAM yang ada pada mikrokontroler standart MCS-51.
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2.5.5. Programable Watchdog Timer (WDT)

Pada mikrokontroler ATMEL ATS89SB252 juga dilkengkapi oleh
wetchdog Timer. Watchdop Timer ini mengpunakan detak tersendin. Untuk
mengatur rentang waktu (perioda) pada WIT ini maka terdapat bit prescaler yang
dapat mengatur rentang waktu yang dibutuhkan,

Bit prascaler ini adalah bit PSO, PSldan P82 pada register WMCON.
Perioda waktu pada WDT ini berkisar dari 16 mili detik sampai 2048 mili detik.

Karena bit prescalernya ada 3, maka akan ada ¥ buah kemungkinan yaitu:

I'abel 2.1
Pemilihan Perioda Waktu WDT

PS2 | PSI | PSO | Peroda

0 ] ] 16 ms

() 0 1 32 ms

0 I 0 64 ms
0 L 1 128 ms |

1 0 0 256 ms

1 0 ] 512 ms
1 1 0 1024 ms
] E | 1 2048 ms

WDT dilumpuhkan oleh Power on Reset (POR) dan selama Power Down.

WDT diaktifkan dengan menseting bit WDTEN pada SFR WMCON (alamat
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96H). Jpka perhitungan waktu WIX1D telah sclesai tanpa ada reset atau

dilumpuhkan, maka suwstu pulsa reset intemal akan dihasilkan unik mereset CP1UL

256. Timer2

Pada mikrokontroler Atmel ATR9S82352 terdapat tambahan Timer 2.
Timer yang lain adalah fimer 0 dan #imer |. Hal yang perlu diperhatikan adalah
fimer/Counter dapat digunakan sebagal generator baudrate untuk scrial pord.
Pada standart MS-51 biasanya yang digunakan adalah timer 1 sebagai penghasil
baudrate. Pada mikrokontroler Atmel ATB9SE252 selain menggunakan timer 1
sebagal baudrate (untuk menjaga kompabilitas dengan MCS-51) juga dapat
menggunakan Timer 2 sebagai penghasil baudrare untuk serial port. Timer 2 ini
merupakan Timer/Counter yang berukuran 16 bit yang dapat beroperasi scbagai
timer atau dapat beroperasi sebagai penghitung kejadian dengan detak dari luar,
Untuk mengatur fungsi ini dilakukan dengan mengatur bit C/T2 pada SFR
T2CON, Terlihat bahwa jika bit ini tinggi maka akan terpilih fungsai counter, tapi
Jika bit ini rendah maka akan terpilih fungsi Timer 2.

Fimer 2 ini memiliki 3 mode operasi vaitu: eapture, awio reload fup dan
down counting) dan baud rate generator. Untuk memilih mode ini dilakukan
dengan mengatur bit pada SFR T2C0N.

Timer 2 ini terdiri dari 2 buah fimer 8 bil register yaitu TH2 dan TL2
dinaitkkan tiap siklus mesin. Karena siklus mesin terdinn dan 1 periode osilasi,

maka conrt rare menjadi 1/12 dan Irekuensi osilator.
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Pada [ungsi counter, register dinaikkan berdasarkan tanggapan adanya
transisi tinggl ke rendah pada pena yang bersesuaian (dalam hal ini pin T2 atau
P1.0). pada fungsi ini, masukan luar akan disamipling selama $5P2 dari tiap siklus
mesin. Jika hasil sampling menunjukkan logika tinggi pada selama satu siklus dan
logika rendah pada siklus sclanjutnya maka akan terdeteksi lransisi tinggi ke
rendah dan akibatnya perhilungan akan dinaikkan. Nilai perhitungan yang baru

akan muncul pada register selama S3P1 dan siklus setelah transisi tingei ke

rendah terdeteksi,
Tabel 2.2
Tabel Mode Operasi Timer 2
RCLK+TCLK | CP/RL2 | TR2 MODF.
0 {) 1 | 16 bit auto reload
0 = 1 | 16 bit capture
I 1 X | | Baud ratc generator
X X | o |or |

2.6. ADC{ANALOG TO DECIMAL CONVERTER)

Data yang diambil dari output tegangan keluaran berhentuk analog, karena
mikrokontroler hanya mengolah data digital maka tegangan icrsebut harus
dikonversikan kedalam bentuk digital dengan menggunakan ADC.

Dalam tugas akhir ini digunakan ADC tipe 0804 buatan NATIONAL

SEMICONDLUCTOR, dengan resolusi 8 bit.
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1C ini memiliki suatu input sebagai input analog dan 8 bit output berupa

digital, dengan kombinasi 2® = 256 langkah pengaturan. Jika tegangan referensi

vang kita set berada pada tegangan 5,12 volt atau h;f =256, maka step per

5,12

tegangan vang dihasilkan adalah 5 =0426

Hal imi dimaksud agar jika tegangan maksimal yang masuk adalah 12 volt
dan setelah melalui pembagi tegangan dengan ratio 0,426 maka dihasilkan
tegangan 5,12 yang sesuai dengan tegangan referensi max, hal ini menvatakan
bahwa step ADC sudah berada pada lingkat terakhir dalam konversi penuh,

Misalnya tegangan regulator vang keluar adalah 5 Volt maka setelah
melalul pembag tegangan, iegangan vang keluar adalah 5 x 0,426 = 2,1333
sebagai input ADC, atau konversi ADC berada pada tingkat

256

= 120001875 (antara 120-121).
32,1333

ke

Pada IC ini telah terdapat rangkaian internal oscilator untuk mengakiitkan
rangkaian konversinya.

Frekuensi osilator ditentukan oleh rangkaian external R dan C, pada
rangkaian yvang direncanakan frekuensi osilator adalah -

I
Llx fxd”

1
f= = - = 600 Khz
LI=10" «150=10

Frekuensi kerja rangkaian swifching dengan maksud agar setiap besaran

tegangan yang akan dibandingkan dapat diambil contohnya dengan cepat.
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27. LCD

Liquid Crysial Display atau LCD merupakan komponen oploelekironik
yaitn komponen vang bekerja atau dipengaruhi oleh sinar (optolistrik), komponen
pembangkit cahaya (light emiting) dan komponen-komponen yang akan
mengubah sinar. LCIY terbuat dari bahan kristal cair yang merupakan suatu
komponen organik dan mempunyai sifat optik seperti benda padat meskipun
bahan tetap cair.

Scl kristal cair terdini dan selapis bahan kristal cair yang diapit antara
dua kaca tipis vang transparan. Antara dua lembar kaca tersebut diberi bahan
kristal cair (liguid crystal) yang tembus cahaya. Permukaan lvar dari masing-
masing keping kaca mempunyai lapisan penghantar tembus cahaya seperti oxida
timah (#in oxide) atau oxida indium (indizvm oxide). Sel mempunyai ketebalan
sekitar 1 x 10 ™ meter dan diisi dengan kristal cair.

Karena sel-sel kristal cair merefleksikan cahaya dan bukan

membangkitkan cahava maka konsumsi daya vang dibutuhkan relatif’ rendah.




Finergi yang dipergunakan hanya untuk mengaktitkan kristal cair. Pada dasarnya
L.CD bekerja pada tegangan rendah (3 — 15 Vrms), frekuensi rendah (25 — 60 Hz)
sinval AC dan memakai arus listrik yang sangat kecil (25 - 300pA). LCD
seringkali ditata sebagai lampilan seven segment untuk menampilkan angka tetapi
juga memiliki keistimewaan lain, yaitu kemampuan untuk menampilkan karakter
dan berbagai macam simbol,

Salah satu jenis LCD diantaranya adalah LCID M 1632, suatu jenis piranti
dengan konsumsi daya yang rendah, disusun dari dot matnk dan dikontrol oleh
ROM atanu RAM generator karakter dan RAM data display. Pengontrolan
utarnanya adalah pada ROM generator dan display data RAM yang menghasilkan
kode ASCII jika padanya diberikan inpat ASCII. Untuk dapat difungsikan dengan
baik maka perlu diperhatikan proses analisasi yang telah ditentukan oleh pabrik
pembuatnya. Timing penganalisasian sangal diperlimbangkan, karena jika meleset
sampai ordo mifisecon maka dapat dipastikan LCD tidak dapat berfungsi.

LCD Dasplay Module M1632 buatan Seiko Instrument Inc. ini terdiri
dari duz bagian, vang pertama merupakan panel LCI) sebapai media penampil
infrmasi dalam  bentuk  huruffangka dua baris, masing-masing baris bisa
menampung 16 huruffangka. Bagian kedua merupakan sebuah sistem yang
dibentuk dengan mikrokontroler vang ditempelkan dibalik pada panel LCD,
berfungsi mengalur tampilan informasi serta berfungsi mengatur komunikasi
MI1632 dengan mikrokontroler yang memakai tampilan LCD im. Dengan

demikian pemakaian M1632 menjadi sederhana. sistem lain yang M1632 cukup
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mengirimkan kode-kode ASCII dari informasi yang ditampilkan seperti layaknya

memakal sebuah printer.

DBO-DBT Common Signal

—— i T LCD
Segment Signal T

RS Me Serial Data o Segment

B Diriver
—_—

E Timing Signal i
—_—

Gambar 2.16.

Blok Diagram LCD

Adapun karakteristik dann LCD M1632 antara lain :
s Dcngan 16 karakter — 2 baris dalam bentuk dotmatrik 5x7 dan cursor
e [ty ratio 1716
¢  Memiliki ROM pembangkitan karakter untuk 192 jenis karakter
s  RAM untuk data display sebanyak 80x& hif
* Dapat dirangkai dengan MPU 8 bit/4 bat
» RAM data display dan RAM pembangkit karakter dapat dibaca olch MPU
o Memiliki [ungsi instruksi antara lain display on'off, Cursar ow'off. display
karakter biink. cursor shift dan display shifi
s  Memiliki rangkaian osilator sendiri
» Catu tegangan tunggal yaitu =5V
s Memiliki rangkaian resef otomatis pada catu daya yang dihidupkan

=  Temperatur operasi 0" - 5"
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LCD memiliki 16 pin, masing-masing memiliki fungsi schagai berikut ;

Tabel 2.3. Funggi Tiap Pin LCD

2.7.1. Instruksi Operasi

Ne. Pin Simbol Level Fungsi

1 Vig OV {GND)

2 Vee Power Supply |5V +10%

3 _Vux - | For L.C1) Ivive
Sinyal seleksi regisier
H ; Data fnput [regisier data

i RS H/L {write/read)]

L. ; Instruction faput [regisier instruksi
{wrile), busy flag dan address counter
{read)]

H ; Read

3 il H_'#L L ; Wrire -

P = H Enable Signal [sinval penanda mulai
operasi, aktif saal operasi write atau
read|

7 DBO 1L

8 DBI H/L 4 it bus data Jower 2 arah, dapat dibaca

[y []]'_!.2 H/L | atau ditulis terhadap mikrokontroler

10 DB3 1L ]

i

:zl Ir:];; JI-::‘L 4 tit bus data upper 2 arah: dapat dibaca
atau ditulis terhadap mikrokontroler,

I3 B HT. | DB7 juga sebagai busy flag

14 DB7 H/L mk i

- j 4-42V
e i B*;‘:l‘m';:fh' | 50 — 200 mA
16 | V-BL 0V (GND)

Tabel 2.4. Instruksi Pada LCD

Instruksi RS RW (D7 D6 [D5| D4 [ D3 | D2 [ DI [
Display Clear 0 0 [olofo] o 0 o | 0|1
Cursor Home 0 0 0| 0]0 0 0 0 ] :*
Entry Mode Set 0l o Jololo| o] o I [1m] §
Display On/Off 0]l o [ofole]o D | C|B
Cursor Display Shitt 0 | 0 0| 0 0 I SC | RIL | * »
Function Se 0 0 o | o |1 |[DL| 1 * )
CG RAM Address Ser B A [ 9T A

DD RAM Addidrens Set ] { 1| App

Btidddress Read 0 I BF AC

Data Frite to CG RAM 1 0 Write Data o

Data Read from CG RAM l | Read Data

*lnvalid B

A 00 RAM Address dan Apn
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D RAM dddress
Pada LCD juga terdapal instruksi — instruksi sebagai berikut ;

1. Display clear

Membersihkan tampilan yang ada pada LCD serta menyimpan, sedangkan

kursor kembali ke posisi semnula.
2. Cursor home

Hanya membersihkan tampilan dan kursor kembali ke semula.
3. Empty Mode Set : layar beraksi sebagai tampilan tulis.

5: 1/0 = menggeser layar.

1/0 : 1 = kursor bergerak ke kanan dan layar bergerak ke kiri.

1/0 : O = kursor bergerak ke kin dan lavar bergerak ke kanan
4. Display On/Off Control.

D1 —layaron

D : 0= layar off

C:1=Kursor on

C : 0= kursor off

B : 1 = kursor berkedip-kedip

B : 0 = kursor tidak berkedip — kedip
3. Cursor Display Shift

S/C : 1 =LCD diidentifikasikan sebagai lavar

S/C : 0 = LCD diidentifikasikan sebagai kursor

R/L : 1 = menggeser satu spasi ke kanan

R/L : 0 = mengeeser satu spasi ke kin
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6. Fuction Ser
DL : 1 = panjang data LCI} pada £ hir
DL : 0 = panjang data LCD pada 4 bit
Bit upper ditranster terlebih dahulu kemudian diikuti dengan 4 hit lower.
N 1/0= LCD menggunakan 2 atau | baris karakter
P 1/0 = LCD menggunakan 5 x 10 dot matrik
7. CG RAM address sef : menulis alamat RAM ke karakter
8. DD RAM address set : menulis alamat RAM ke tampilan
9. BF/address set : BF = 1/0, LCD dalam keadaan sibuk atau tidak sibulc.
10. Data write to CG RAM or DD RAM : membaca fyte dari alamat terakhir

RAM yang dipilih.

2.7.2. Operasi Dasar
o Register
Kontrol dari LCD memiliki 2 buah register 8 bit vaitu regisrer instruksi
(IR} dan register data (DR). IR memiliki instruksi seperti display, clear,
cursor shift dan display data (DD RAM) serta karakter (CG RAM). DR
menyimpan data untuk ditulis ke DD RAM ataupun membaca data dari
DD RAM dan CG RAM. Ketika data ditulis ke DD RAM atau CG RAM
maka DR secara otomatis menulis data ke DD RAM atau CG RAM.
Ketika data pada C(v RAM atau DD RAM akan dibaca maka alamat data
ditulis pada IR. Sedangkan data akan dimasukkan melalui DR sehingga

dapat dibaca oleh mikrokontroler.
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Tabel 2.5. Pemilihan Register Pada LCD

RS | RW Operasi

0 0 Seleksi IR, IR Write Display Cleor

0 I HBuyy Flag (DB7), (@ Counter (DB0-DBT) Read
I 0 | Seleksi DR, DR Frite B

| | Seleksi DR, DR Read =

Buxy Flag

fusy Flagg menunjukkan bahwa modul siap untuk menerima instruksi
selanjutnya sebagaimana terlihat pada tabel diatas. Register seleksi sinyal
akan melalui DB7 jika RS=0 dan R/W=1, Jika bernilai 1 maka sedang
melakukan kerja imternal dan instruksi tidak akan dapat diterima. oleh
karena itu status dan flag harus diperiksa sebelum melaksanakan instruksi

selanjutnya.

Address Counter (AC)

AC menunjukkan lokasi memori dalam modul LCD. Pemilihan lokasi
alamat lewal Ac diberikan lewat register instruksi (IR} ketika data pada A,
maka AC secdra otomatis menaikkan atau menurunkan alamat tergantung
dari Entry Maode Set.

Display Data RAM

Pada L.CD), masing-masing /ine memiliki range alamat tersendiri. Alamat
itu diekspresikan dengan bilangan hexadesimal. Untuk fine | 7ange alamat

berkisar antara 4(;=4F};.
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s Character Generator ROM (CG ROM)
CG ROM memiliki tipe dot matrik 5x7, dimana pada [.CT telah tersedian
ROM sebagai pembangkit karakter dalam kode ASCIL.

e Character Generator RAM (CG RAM)
CG RAM dipakai untuk pembuatan karakter tersenditi melalui program.

Adapun bentuk fisik dan LCD M1632 adalah pada gambar berikut :

2.7.3. Sinyal Interface M1632

Untuk berhubungan dengan mikrokontroler pemakai, M1632 dilengkapi
dengan & jalur data (DB0 - DB7) yang dipakai untuk menyalurkan kode ASCII
maupun perintah pengatur kerjanya M1632, Selain itu dilengkapi pula dengan E,
R/W dan RS seperti layaknya komponen vang kompatibel dengan mikroprosesor.

Kombinasi lainnva E dan RIW merupakan  sinyal standar pada
komponen buatan Motorola. Schaliknva sinval-sinval dari MCS51 merupakan
sinyal khas Intel dengan kombinasi sinyal WR dan RI).

RS, singkatan dan Register Sclect, dipakal untuk membedakan jenis data
vang dikirim ke M1632, kalau RS=0 data yang dikirim adalah perintah untuk
mengatur kerja M1632,  scbaliknya kalau RS=1 data vang dikinm adalah kode
ASCII vang ditampilkan.

Demikian pula saat pengambilan data, sast RS=() data yang diambil dari
M1632 merupakan data status yang mewakili aktivitas M1632, dan saal RS=1

maka data vang diambil merupakan kode ASCII dari data vang ditampilkan.
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Proses mengirim/mengambil data ke/dari M1632 bisa dijabarkan scbagai

benkut :

RS X ¥

R/W L i "’ l:"l-:'-lhnddrﬁ'.i.lrlflm'.?-\}
R st E dard ! e :’.‘-':i

E ___/_\:t"

Deo DB?—{ Do .p? } Do, D7

daty mast ke WMGED data keizar darf MIG32

ﬂ%

Gambar 2.17.

Mengirim/Mengambil Data Ke/Dari M1632

1. RS harus dipersiapkan dulu, untuk menentukan jenis data seperti yang
telah dibicarakan di atas.

2. R/W di-nol-kan unmk menandakan akan diadakan pengiriman data ke
M1632, Data yang akan dikirim disiapkan di DB0..DB7. sesaat kemudian
sinyal E di-satu-kan dan di-nol-kan kembali. Sinyal E merupakan sinyal
sinkronisasi. saat E berubah dari 1 menjadi (0 data di DBO .. DB7 diterima
oleh M1632.

Untuk mengambil data dari M1632 sinyal R/ W di-satu-kan, menyusul sinyal

E di-satu-kan. Pada saatu H menjadi 1, M1632 akan meletakkan datanya di

DHR( .. DB7. data imi harus diambil sebelum sinyal E di-nol-kan kembali.
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Liquid erystal display vang digunakan adalah Display Module

MI632,

Gambar 2.18.

Liquid Crystal Display

2.8. Papan Tombol (keypad)

Keypad sermg digunakan sebagai media masukan dalam berbagai aplikasi
elekmronik. Seperti yang sudah dijelaskan pada sub bah sebelumnya bahwa keypad
i bekerja dengan metode matrik dimana kcluaran yang dihasilkan merupakan
kombinasi dari baris dan kolom dari tombol yang ditekan.

Pada bagian belakang dari keypad 4x4 terdapat delapan buah pin vang
berfungsi sebagai keluaran dari keypad tersebut, Delapan buah pin ini terdiri dari
4 buah pin yang menunjukkan kolom dari tombol yang ditekan dan 4 buah pin
terhubung ke resistor pudl up menunjukkan baris dari tombol vang ditekan.
Masalah-masalah yang sering timbul dengan digunakannya keypod jenis ini
adalah dengan adanya bouncing. Dengan adanya bouncing maka tombol yang
ditckan sekali. Akan terdeteksi berulang kali. Bowncing ini dapatl diatasi dalam

pemrograman dengan memberikan jeda waktu atau delay beberapa saat sebelum
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data benar-benar dimasukkan ke dalam mikrokontroler untuk diolah. Tujuan
pemberian jeda waktu ini untuk memberi kesempatan agar benar-benar terjadi
kontak antar ujung baris dan

kolom dari tombol yang ditekan dengan resistor pull up.

Prosedur untuk pembacaan keypad dilakukan dengan teknik compare atau
membandingkan data. Data yang dimasukkan melalul keypad dibandingkan
dengan data vang tersimpan di dalam mikrokontroler. Apabila ada vang sesuai
maka mikrokoniroler akan melakukan instruksi sesuai dengan data yang
dimasukkan dari feypad. Data yang sah, yang akan diolah oleh mikrokontroler
adalah data yang diambil setelah diadakan pemanggilan sub program delay untuk
mengatasi bouneing, Data tersebut kemudian dibandingkan dengan data yang ada
di mikrokontroler dan apabila ada vang sesuai maka mikrokontroler akan
memproses data tersebut. Apabila data pada akumulator tidak ada yang sesum
dengan data pada mikrokontroler maka akan diulang kembali proses pemasukan

data dan port 1 ke akumulator.
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BAB IIL

PERANCANGAN DAN PEMBUATAN

3.1. PENDAHULUAN

Untuk membuat dan merencanakan sebuah power supply jenis swiiching,
kita harus menetukan sistim dan metoda apa yang akan kita pakai pada rangkaian
inverternya.

Dalam skripsi ini digunakan metoda flyhack untuk rangkaian inverter,
karena kesederhanaan rangkaian (tanpa filter output dan lilitan clamp) namum
dapat diandalkan dan konfigurasi pengaturan (sebagai penjaga kestabilan) dipakai
type PULSE WIDTIl MODULATION dimana lebar pulsa yang kita atur,
sedangkan frekuensi tetap dipertahankan,

Rangkaian minimum sistem disini digunakan sebagai otak kendali
pengaturan lebar pulsa (PWM) agar diperolch kestabilan tegangan vang tinggi,
inpul keypad, led tegangan, dan elemen memori dari contoh tegangan yang dapat
dipanggil setiap waktu dengan cepat.

Rangkaian rectifier dan filler untuk meratakan dan memperkecil kerut-
kerut tegangan agar diperoleh tegangan ourput vang diharapkan mendekati
legangan DC murni.

COutput dapat beroperasi pada frekuensi tinggi dibutuhkan komponen-
komponen pilihan terutama pada masalah trafo switching, Inti trafo ini dibuat dari
bahan ferit yang didesain khusus dimana bahan tersebut memiliki sifat remanensi

vang dapat dengan cepat dipulibkan atau dengan kata lain sifat inti trafo sewakiu

43




diimbas dan berubah menjadi magnel harus secepat mungkin bisa dihilangkan
karena sentakan pulsa swiiching yang berikutnya sudah harus bebas dari sisa-sisa
magnet vang sebelumnya.

Transistor-transistor pada output stage dan semi konduktor penunjang

lainnya juga dipilih dari jenis high speed.

3.2, Blok Diagram
Blok diagram dari *: Perencanaan dan pembuatan Proprammable
switching Power supply 0 — 15 voll, arus maksimal 2 Ampere dengan
menggunakan mikrokontroler AT8988252  ditunjukkan dalam gambar berikut:

LCD

SWITCHING
KEYPAD MIKROKONTROLER POWER G

[ ATRI58252 SUPPLY
i : TUNIT

L
L
k2

ADC FEEDBACK

GAMBAR 3.1.
BLOK DIAGRAM




Keterangan dari blok diagram alat:

1. KEYPAD 4 x4
Digunakan untuk memberikan inputan yang nantinya akan diproses
lebih lanjut.

2. SWITCHING POWER SUPPLY UNIT
Merupakan rangkaian utama dari keseluruhan rangkaian vang ada
rangkaian ini berlungsi sebagai penyuplal daya yang bekerja dengan
metode switching power supply.

3. FEEDBACK
Digunakan sebagal umpan balik tcpanpan vang didapat dan
tegangan output (VO) power supply.

4, ADC (analog to digital converter)
Digunakan sebagal pengkonversi tegangan analog ke digital yang

diumpankan rangkaian feedback

3.3. Prinsip Kerja Rangkaian
Untuk wvariasi tegangan sesuai dengan yang diminta oleh keypad. Untuk
variasi tegangan . VO akan disample oleh rangkaian feedback dan dikonversikan
didalam ADC | kemudian dibandingkan didalam mikrokontroler. Jika output dan
rangkaian masih dibawah tegangsn yang diminta, maka mikrokontroler akan
menambah lebar pulsa dan dibandingksn terus menerus, sampal pada saat

diperoleh tegangan yang sanpat dekat dengan tegangan vang diminta.
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Output dan mikrokontroler ini mengeluarkan pulsa vang gkan mengontrol
base dari rangkaian swirching Power Supply dengan durasi transfer energi didalam

power supply diubah ke posisi yang sesuai dengan tegangan vang diminta,

3.4, RANGKAIAN DASAR CATU DAYA JENIS SWITCHING

Rangkaian dasar terdiri dari empat blok yvang terbagi atas :

1. Penyearah mput dam filter input.

Tegangan diambil langsung dari jala-jala secara langsung dengan maksud
agar menghindan pemakaian trafo frekuensi rendah (50 Hz). Tegangan yang
masuk difilter kemudian discarahkan secara gelombang penuh,

2. High frekuensi Inverter.

Tegangan DC yang tclah disearahkan kemudian diumpan pada Inverter
vang dikemudikan oleh rangkaian kontrol PWM schingga transfer energinya

sesual dengan kebutuhan yang diminta,
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GAMBAR 3.2,

RANGKAIAN DASAR CATU DAYA JENIS SWITCHING
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GAMBAR 3.3,

RANGKAIAN RECTIFIER & FILTER.

GAMBAR 3.4.

RANGKAIAN HIGH FREKUENSI INVERTER.
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GAMBAR 3.5.
RANGKAIAN PENYEARAH

3. Penyearah outpul dan filler output.

Keluaran sisi sekunder dari Tralo konverler [rekwensi tinggi ini
kemudian disearahkan dan difilter untuk mendapatkan level DC vang baik.
4. Kontrol Unit.

Mikrokontiroler sebagai otak dari sistem
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3.5. CARA MENDAPATKAN LEBAR PULSA VARIABEL

Diatas telah disinggung cara kerja dari rangkaian kontrol yang dapat

mengendalikan lechar pulsa variabel secara analog, tetapi dalam lugas akhir ini

pembangkit lebar pulsa dilakukan bukan oleh komponen analog melainkan

dibangkitkan oleh minimum sistem.

Hal ini dilakukan dengan alasan :

L.

Tidak perlu lagi membuat tegangan referensi dan osilator, karena
ouput dari “PWM digital” sudah berlevel digital dan siap untuk
mengatiur wakiu konduksi transistor switching menjadi dua keadaan.
Frekuensi kerja dari minimum sistern jauh lebih tinggi dari pada
Irekuensi kerja rangkaian switching, sehingga pelepasan pulsa switch
dapat diatur dengan cepal.

Untuk membias transistor swifching disini hanya dibutuhkan dua
kejadian saja yaitu sifal saturasi (short) dan cut off (open) atau schagai
saklar. Duva level ini adalah identik dengan level kerja rangkaian
digital. Proses pembangkitan pulsa switch pertama-tama yang
dikeluarkan PWM  adalah pulsa yang paling sempit, kemudian
dimasukkan ke rangkaian konverter untuk diubah menjadi suatu level
tegangan. Karena pulsa yang sempit ini menghasilkan periode “on”
transistor yang sangat singkat, schingpa transfer daya pada trafo juga
sedikil dan legangan yang dihasilkan juga sangat kecil, pada saar i

juga ADC disiapkan untuk mendeteksi output dari regulator.




Output ADC setelah mengkonversi tepangan yang diterima sudah berupa
level digital yang proporsional denga besaran tegangan dan langsung diumpan
pada mikrokontroler dan didalam mikrokontroler terjadi proses pembandingan
dengan tegangan set vang diminta.

Jika pada suatu saat output switching kila bebani dengan beban vang
lebih besar (tetapi tidak lebih besar dari kemampuan switchingnya), maka
tegangannya pasti lurun. Gejala ini dapat dirasakan oleh mikrokoniroler segera ia

memerintahkan untuk menambah lebar pulsa sehingga kestabilan tetap terjaga.
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3.6.LCD
Liquid crystal Display yang digunakan adalah Display Module

M1632,

&
S Ve

D7
I3

141

[P DB - DHT—AM

GAMBAR 3.6.

RANGRAIAN LIQUID CRYSTAL DISPLAY
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37 ADC

A yang digunakan adalah ADC {804,
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GAMBAR 3.7.

RANGKAIAN ADC 0804
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3.8. Keypad

Keypad yang digunakan sebagai media masukan dalam berbagai aplikasi
clcktronik, Seperti yang sudah dijelaskun pada sub bab sebelumnya bahwa keypad
ini bekerja dengan metode matrik dimana keluaran yang dihasilkan merupakan
kombinasi dari baris dan kolom dari tombol yang ditekan.

Pada bagian belakang dari keypad 4x4 terdapat delapan buah pin yang
berfungsi scbagai keluaran dari keypad tersebut. Delapan bush pin ini terditi dari
4 buah pin yang menunjukkan kolom dari tombol yang ditekan dan 4 buah pin

terhubung ke resistor ! up menunjukkan baris dari tombol yang ditekan.
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RANGKAIAN KEYPAD
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3.9. PERENCANAAN PERANGKAT LUNAK

Perangkat lunak didalam pembuatan programmable switching power
supply ini digunakan untuk mengendalikan seluruh kerja dari peralatan i,

Perangkat lunak dibuat dalam bentuk naskah vang kemudian dikompile
kedalam bahasa assembly 8988252 yang dapat dimengerti oleh minimum sistem
BUSKIS2

Perangkat lunak yang bekerja pada minimum sistem 8988252 secara garis
besar dapat dibagi menjadi 2 bagian, vaitu :

- Program konversi keypad.

- Program pembuat, pembanding lebar pulsa.

Keseluruhan perangkal lunak pada minimum sistem ini menggunakan
sistemn polling yaitu keseluruhan instruksi itu dilakukan selama satu instruksi
dijalankan, ini dimungkinkan karena keseluruhan sistem pada peralatan terscbut
tidak membutuhkan kerja vang bersamaan, karena peralatan sendiri bersifat
menunggu dan secarn singkat dapat dikatakan bahwa peralatan ini tidak

membutuhkan kecepatan ketja pada tombol operasinya (keypad).
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GAMBAR 3.9.
DIAGRAM ALIR MINIMUM SISTEM
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CARA KERJA

* Ketika Pertama kali dinyalakan, mikrokontroler tidak membetikan pulsa
kepada driver (PWM), maka tidak ada tegangan vang keluar dari trafo
swilching.

e Ketika user memberikan data Voltage yang diinginkan maka
mikrokontroler akan membandingkan data dari ADC (vang berasal dari

trafo) dengan data basc (data voltage ke ADC = f—; = (.02 V/data). Jika

data dani ADC lebih kecil dard data Voltage yang diinginkan maka
mikrokontroler akan menaikkan data PWM, kemudian cek ulang dari
membaca ADC & membandingkannya lagi ketika data dari ADC > maka
mikrokonroler akan menjaga data pada PWM pada nilai terscbut atau

menurunkannya.

39




BAB 1V

PENGUJIAN ALAT

4.1. PENGUJIAN SWITCHING POWER SUPPLY

Pengujian  switching power supply yang memanfaatkan lebar pulsa
variabel dari minimum gistem 8958252 dilakukan dengan :
s Percobaan awal modul switching.

Dengan menggunakan simulasi lebar pulsa variabel yang dibangkitkan
oleh FUNCTION GENERATOR yaitu frekuensi vang bisa diatur dalam mode
output gelombang persegi (square) yang diumpan pada basis transistor switching

hka sudah didapatkan harga tegangan output vang tergantung dari
variasi frekuensi (sama dengan vanasi periode), berarti rangkaian tersebut sudah
siap digabungkan dengan minimum sistem,

4.2. PENGUIIAN MINIMUM SISTEM

Pengujian dalam sislem im dilakukan untuk mengetahui apakah rangkaian
minimum sistemn dan perangkat lunak yang disisikan ke dalam EPROM sudah
bekerja dengan benar. Pengujian juga dilakukan dengan menpoperasikan peralatan
melalui tombol operasi (keypad). Oleh karena ilu pengujian minimum sistem ini
dapat dilakukan dengan melihat hasil vang diperoleh seperti led pada 7 matrix,

lebar pulsa yang keluar pada kaki output sesuai dengan program.
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4.3. PENGUJIAN GABUNGAN

I). Melihat lebar pulsa awal yang dibanpgkitkan oleh rangkaian mikrokontroler.
Tegangan output diamati oleh bermacam-macam seting sambil melihat perubahan
lebar pulsayng nampak pada layer osciloscop, kemudian output dibebani, juga
sambil melihal oupul lebar pulsa tersebut pada outout kaki mikro.

2). Pengujian besaran arus input switching, tegangan input, tegangan output, arus
output, ripple output (pada beban 330 £ resistor > W karbon murmi) kemudian

ditabelkan.
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4.4, Hagil Pengujian
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TABEL 4.1.
HASIL PENGUJIAN
V Sct V Qut Lrtar (%a)
i 0,5 0,54 8
T 1,55 3,33333333
2 2,06 3
i 2.5 2,52 0.8
3 3.03 [
3.5 3,56 1.71428571
4 4,01 0,25
4.5 4,52 044444444
5 5,15 3
5.3 5,52 0,36363636
6 6,02 0,33333333
6.5 6,51 0,15384615
7 7,02 028571429
7.5 7.54 0.53333333
8 R.03 0,375
%.5 8.57 0,8235294 |
9 9,05 0,55555556
0.5 9,54 0,42105263
10 10,11 — A
R 10,58 0.76190476
1 11,04 (,36363636
115 11,54 0,31732609
12 12,22 1,83333333
12,5 12,62 0,96
13 13.23 1,76923077
13.5 13,51 0.07407407
14 14,25 1,78571420
14,5 14,6 0,68965517
15 15,25 | 66666667
387391061




4.5 Analisa Data

SelisihTevangan

Error (%) = e
et

* 100 %

Frror Rata-Rata (%) D Data
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4.6, Gambar Grafik

Di bawah ini tegangan output dan tegangan set dibuat grafik hasilnya akan

membentuk garis linter.

1 2 3 4 56 6 7 8 9 10111213 14 15
V set

——V set =V out

Gambar 4.1.

Grafik Vo dan Vset
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BAB YV

PENUTUP

3.1. KESIMPULAN

I Programmable switching power supply adalah suatu peralatan
penunjang sctiap kegiatan elektronika yang sangat penting apalagi
jika dipakai pada keadaan yang sangat cepat tanpa perlu lagi
mengesel tegangan yang hendak diminta.

2. Penggunaan lebar pulsa variabel (PWM) vang dibangkikan atau
dikontrol oleh mikrokoniroler ternyata dapat memberikan hasil
regulasi/pengaturan tegangan yang baik,

3. Trafo switching yang tersedia dipasaran hanya memiliki
kemampuan 2 Ampere.

4. Output dapat diatur sesuai dengan keinginan kita yang dapat
beroperasi pada frekuensi tinggi antara 1-100 Khz dengan

pengaturan tegangan yang baik dan bernilai error 1,29 %,




5.2. SARAN

|. Melihat kemungkinan arus vang timbul tidak sesuai vang diharapkan
maka sebaiknya desain dan karakter trafo juga perlu diperhitungkan,
2. Untuk daya switching ratusan wait { misalnya computer) harus diberi

extra lan untuk menghindari.

b6
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SWITCH-MODE PERSEDIAAN TENAGA

Elektronika tenaga berhadapan dengan empat format konversi tenaga,

1. ac-dec konversi

2. ac-ac konversi,

3. de-ac konversi dan

4. de-de konversi.

DC-DC konvertor dikenal lebih awal, ketika SCRS telah digunakan.
Sekarang ini, IGBTS dan MOSFETS adalah alat menggunakan untuk de-de
konversi dan sirkuit ini dapat digolongkan seperti sitkuit persediaan tenaga gaya
tombol. Singkatan atau singkatan untuk persediaan tenaga gaya tombel adalah
SMPS.

Suatu gaya tombol menggerakkan sirkuit persediaan adalah serbaguna,
dapat digunakan untuk:

1. Langkah menurunkan suatu dc voltase masukan tak diatur untuk
menghasilkan suatu dc voltase keluaran diatur menggunakan suatu sirkuit
mengenal sebagai Konvertor Saran atau Step-Down SMPS,

2. Melangkah atas suatu dc vollase masukan tak diatur untuk menghasilkan
suatu de voltase keluaran diatur menggunakan suatu sirkuit yang dikenal sebagai
Naikkan tegangan Konvertor atau Meningkatkan SMPS,

3. Melangkah atas atau turun suatu dc veoltase masukan tak diatur untuk
menghasilkan suatu de voltase keluaran diatur,

4. Membalikkan masukan dc voltase menggunakan pada umumnya suatu sickuit
seperti Cuk Konvertor,

3. Menghasilkan berbagai dc keluaran menggunakan suatu sirkuit seperti
melenting kembali konvertor.

Suatu persedisan tenaga gaya tombol adalah suatu sirkuit digunakan
sekarang ini dan digunakan adalah suatu sistem seperti suatu komputer,
pencrima felevisi, penuntut baterei dan lain lain Switch frekwensi pada
umumnya di atas 20 kHz, sedemikian sehingga suara gaduh vang diproduksi
oleh itu adalah di atas audio mencakup. Ini juga digunakan untuk menyediakan
suatu variabel dc voltase ke perlengkapan suatu dc motor di dalam suatu variabel
mempercepat pengarah. Itu digunakan adalah suatu frekuensi tinggi sirkuit
faktor unity-power,




Pendahuluan

Suatu konvertor saran atau step-down tenaga gaya tombol persediaan
dapat juga disebut suatu pengatur gaya tombol. Kehenaran suatu pengatur gaya
tombol adalah dalam kaitan dengan nya secara wajar efisiensi tinggi dan ukuran
ringkas dan suatu pengatur gaya tombol digunakan sebagai pengganti suatu
pengatur tegangan linier pada keluaran yang tinggi, sebab pengatur tegangan
linier adalah tidak efisien. Karena alat tenaga menggunakan pengatur liner harus
mengurangi suatu jumlah cukup besar tenapa, mereka harus cukup didinginkan,
dengan kerja pemasangan pada atas heatsinks dan panas ditransfer dari beatsinks
kepada udara sekitar baik oleh ilian alam maupun oleh forced-air vang
mendingin Heatsinks dan ketetapan untuk mendingin buatan pengatur vang
besar sckali ukurannya dan besar. D1 dalam aplikasi di mana ukuran dan efisiensi
adalah pengatur teganpan linier kritis tidak bisa digunakan.

Suatu pengatur gaya tombol mengalahkan kelemahan dari pengatur
linter. Tenaga yang diswitch Persedinan jadilah lcbih efisien dan mereka
cenderung untuk mempunyai suatu efisiensi 80% atau lebih. Mereka dapat
dibungkus adalah suatu pecahan ukuran dan pengatur linier, Tidak sama dengan
pengatur linier, tenaga yang diswitch persediaan dapat memperbesar atau turun
voltase masukan.

Konvertor Saran diperkenalkan di halaman ini yang menggunakan
pendekatan yang evolusiner. Mari kita mempertimbangkan sirkuit di gambar |,
berisi kutub tunggal double-throw tombol,

Switch Position
Py

Pos A FPos B FPos A

bl =

Fig. 1: A resistor with a single pole double-throw switch

}-t




Karena sirkuit gambar 1, voltase keluaran yang sama voltase masukan
ketika tombol adalah di dalam posisi Adalah suatu dan adalah nol ketika tombol
adalah di dalam posisi B. Dengan bermacam-macam jangka waktu di mana
tombol adalah di dalam posisi Adalah suatu dan B, dapat dilihat bahwa rata-rata
voltase keluaran dapat bervariasi, tetapi voltase keluaran bukanlah dc murni,
Voltase Kcluaran berisi suatu fegangan reta-rata dengan suatu square-voltage
melapiskan pada atas itu, seperti ditunjukkan gambar 2.. Pada umumnya hasil
yang diinginkan adalah suatu dc voltase tanpa isi riak nyata dan sirkuit di dalam
gambar. 1 diharapkan untuk dimodifikasi,

vV,
ST
E
A i Qe
o 1
- DT T .
A~
DE
= t
+
AN
= (1-DE
=t
-DE “

Flg. 2: Ouiput Waveform Decomposed

Sirkuit di dalam gambar. 1 kaleng dimodifikasi seperti ditunjukkan
gambar, 3 dengan mepambahkan suaty induktor secara urut dengan resistor
beban Suatu induktor mengurangi riak yang melintas saat itu dan keluaran
voltase akan berisi lebih sedikit isi riak karena yang sekarang melalui resistor
beban adalah sama sebagai induktor itu nya, Ketika tombol adalah di dalam
posisi A, yang sekarang melalui induktor meningkat dan energi menyimpan
induktor meningkat. Ketika tombol adalah di dalam posisi B, induktor bertindak
sebagai suatu sumber dan memeclihara yang sekarang melalui resistor beban.
Selama periode ini, energi menyimpan pengurangan induktor dan sekarang jatuh,
Adalah penting untuk catat bahwa ada kepemimpinan berlanjut melalui beban
untuk sirkuit ini. Jika waktunya tetap dalam kaitan dengan induktor dan resistor
beban secara relatif besar dibandingkan dengan periode itu di mana tombol




adalah di dalam posisi Adalah suatu atau B, kemudian kenaikan dari sekarang
melalui induktor jadilah lebih atau lebih sedikit linier, seperti ditunjukkan
gambar, 3,

Switch Switch Position
A A

Pos A Pos B Pos A

Zt

AD Average Omtput Voltage

—_—

am

-

Fig. 3: Effect of Inductor

Langkah yang berikutnya di dalam pengembangan vang evolusiner
konvertor saran adalah untuk menambahkan suatu kapasitor ke seberang resistor
beban dan sitkuit ini ditunjukkan gambar 4. Suatu kapasitor mengurangi isi riak
itu di dalam voltase ke seberang itu, sedangkan suatu induktor memperiancar
mehntas yang sekarang itu. Tindakan LC saringan yang dikombinasikan
mengurangi riak itu di dalam keluaran bagi suatu uingkatan sangat rendah.

Switch
A r—
+ o o o
L
B + #
V= T x|
” - A
-_— L)

Fig. 4: Circult with an L.C Filter

Sirkuit pada gambar. 4 bensi suatu double-throw tombol berkutub
tunggal Ini merupakan suatu bentuk wujud sulit untuk merealisir menggunakan
alat semi penghantar tenaga, Pada sisi lain, suatu pemahaman sirkuit di dalam
gambar. 4 antara bagi suatu bentuk wujud sederhana dan dapat dicapai. Ketika
tombol adalah di dalam posisi A. yang sekarang melalui induktor dan itu
berkurang ketika tombol adalah di dalam posisi B. ltu adalah mungkin untuk
mempunyal suatu tombol semi penghantar tenaga untuk sesuai dengan tombol




itu di dalam posisi A. Ketika tombol adalah di dalam posisi B, arus induktor
meluncur bebas melalui dan karenanya suatu dioda dapat digunakan untuk
meluncur bebas operasi. Kemudian hanya semi penghantar tenaga tombol perlu
untuk dikendalikan, dan dalam praktek, suatu pulse-width pengaturan  [C
digunakan. Sirkuit yang hasil ditunjukkan gambar. 5.

Power Semiconductor
Switch e
% |
| L T
-+
Vi PWM Z\D = ][
b W
IC A C|=— =
Vﬁ.tf
Ve
L ©
Fig. 5: Step Down Switch Mode Power Supply
Biasanya manapun dasar menswitch persediaan tenaga terdiri dari lima
komponen baku:

2. Suatu pulse-width yang mengatur pengontrol,
b. Suatu tombol transistor,

¢. Suatu induktor,

d. Suatu kapasitor dan

€. Suatu dioda.

Kendali oleh pulse-width modulasi, pada umumnya vang diakibatkan
oleh suatu IC, adalah yang penting bagi mengatur keluaran itu. Tombol
Transistor adalah jantungnya persediaan yang diswitch dan itu mengendalikan
tenaga itu menyediakan kepada beban. Tenaga MOSFETS jadilah lebih
digunakan dibanding BJTS pada keluaran tenaga 50 W, Transistor pilih untuk
digunakan di menswitch tenaga persediaan harus mempunyai kuasa menswitch
kali dan harus bisa withstand voltase yang diproduksi oleh induktor,

Suatu induktor digunakan suatu saringan untuk mengurangi riak itu di
dalam sekarang. Pengurangan ini terjadi sebab sekarang melalui induktor tidak
bisa berubah tiba-tiba. Ketika yang sekarang melalui suatu induktor cenderung




untuk jatuh, induktor cenderung untuk memelihara yang sekarang dengan
bertindak sebagai suatu sumber, Induktor menggunakan menswitch persediaan
pada umumnya luka pada atas toroidal int, sering dibuat dari ferrite atau inti
besi dengan ruang terbuka dibagi-bagikan untuk memperkecil kerugian inti pada
frekwensi tinggi,

Kebanyakan dari persediaan yang diswitch memerlukan suatu beban
minimum, dalam rangka memastikan bahwa induktor itu membawa sekarang
sclalu. Jika yang sekarang mengalir sepanjang induktor itu tidaklah bertanjut,
Konvertor Saran atau SMPS dapat dikendalikan jalan dua arah, dikenal sebagai:
L. Constant-Frequency Operasi Atau Pulse-Width Modulasi mengendalikan
2. Vanable-Frequency Operasi atau kendali oleh modulasi frekuensi

Dengan pulse-width modulasi mengendalikan, peraturan voltase keluaran
dicapai dengan bermacam-macam siklus tugas itu tombol, memelihara frekwensi
operasi tetap. Siklus Tugas mengacu pada perbandingan periode di mana
semipenghantar tenaga disimpan untuk kepada periode siklus. Pada umumnys
mengendalikan dengan berdenyut modulasi lebar adalah lebih disukai metoda
operasi frekwensi tetap memimpin ke arah optimisasi LC saringan dan isi riak di
dalam voltase keluaran dapat dikendalikan di dalam batas yang di-set. Pada sisi
lain, jika beban pads konvertor di bawah suatu tingkatan tertentu, regulasi
tegangan keluaran menjadi sustu masalah dan dalam. vang sedemikian suatu
kasus, kendali oleh modulasi freknensi diharapkan untuk lebih disukai.

Jika suatu mikrokontroller digunakan sebagai ganti suatu PWM spesifik
IC, itu adalah mungkin ke tombol dari satu gaya mengendalikan kepada lain
tergantung pada kondisi-kondisi beban il
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Switch-Mode Regulator

W

Pada [atas] evaluasi,
(B =V, g DT =V, g(1- D)T =0
Thatis,V,,,, =D.E (10

Perubahan di dalam arus induktor ketika tombol adalah Pada atas kaleng
ditentukan sebagai berikut. yang dibiarkan Perubahan di dalam arus induktor
bukan, seperti ditunjukkan gambar. 10. Di dalam ini menggambarkan, perubahan
di dalam keluaran voltase telah dilebih-lebihkan demi kejelasan. Ketika tombol

TERPASANG, voltase ke seberang induktor dapat dinyatakan seperti:
i
v (t) = .flj =E-v,; (11)

Ketika voltase keluaran tinggal mantap pada Vo,Avg, arus induktor secara linier
sepanjang pada periode tombol itu. Kemudian
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Fig.11: Capacditor Current

Sepanjang ON-PERIOD, arus induktor naitk dari ( Vo Avg/R- 1/2) untk
{ Yo,Avg/R+ 1/2). ltu adalah,

I
O.2VE + é;" (1 3)

| . o Al
I (0)=i(T)= ;vz___z_’ II(ET}:

IS

DISCONTINUOUS OPERAST

Ketika resistor beban menjadi tinggi, sitkuit konvertor saran beroperasi
itu discontinuous gaya. Arus Indukior jatuh pada nol ketika tombol bersikap
terbuka dan tinggal pada mol hingga tombol menjadi pada yang siklus yang
berikutnya itu. Gaya seperti itu adalah gaya operasi yang diinginkan ketika
frekwensi variabel operasi dipekerjakan untuk pengendalian tegangan. Apalagi,
discontinuous operasi menaruh lebih sedikit tekanan pada atas dioda dan sirkuit
beroperasi dengan baik. Aspek ini akan jadi diterangkan kemudian.

Efek pembalasan beban pada arus induktor ditunjukkan gambar, 17.
Dengan bahwa kepemimpinan adalah berlanjut, rata-rata arus beban adalah
Vo,Avg/R. Seperti pembalasan beban meningkat, rata-rata pengurangan arus
beban, fetapi pada sisi lain, perubahan di dalam arus induktor sebagai
digambarkan oleh persamaan (12) tinggal tetap. Seperti ditandai oleh persamaan
( 13), sisa arus induktor di dalam cakupan menetapkan di bawah,
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(21)

Ketika arus induktor adalah berlanjut, nilai Vo, Avg adalah seperti digambarkan
oleh persamaan (10) dan tidak demikian jika kepemimpinan adalah
discontinuous. Setelah menggantikan dari persamaan (12), kita mendapatkan

bahwa
L ¥-1 "lﬁ_ﬂ_;jli}]gfL"—ng{R {1 D ] f uvg[.:a (121‘?}] 0
ﬂﬂ*’hﬂm[R 1+£::}] y am[l (1;;) «0

(22)

Karenanya suatu pembalasan kritis, kata RC dapat digambarkan itu membuat

sirkuit beroperasi pada batas dari kepemimpinan berlanjut, suaru situasi
menggambarkan gambar 17. Ketika pembalasan beban lebih tinggi dibanding
kepemimpinan di dalam induktor adalah discontinuous dan itu adalah berlanjut

Jika pembalasan beban kurang dari RC.

Ttu dapat dilihat dari penyamaan bahwa di batas dari berlanjut dan discontinuous

kepemimpinan,
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Fig. 17: Inductor current: Boundary of

Discontinuous conduction

Discontinuous operasi digambarkan gambar 18, Di dalam gambar. 18,
tugas beredar untuk tombol dikenalkan ke DI, dan tugas beredar untuk dioda
dikenalkan ke D2, Ini berarti bahwa pada setiap siklus, tombol melakukan untuk
sementara waktu interval sepadan dengan D11 dan dioda melakukan untuk
sementara wakiu interval sepadan dengan D2T, di mana T adalah periode siklus,
Itu dapazt dilihat itu untuk discontinuous kepemimpinan

(D, + D)<l (24)

Di batas dari berlanjut dan discontinuous kepemimpiman, { D1+ D2)= 1. Dengan
bahwa discontinuous, tidak ada sekarang di dalam induktor untuk sementara
waktu interval sepadan dengan ( 1- D1 -D2)T.

10
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Fig. 18: Buck Converter: Discontinuous Conduction

Rata-Rata arus beban adalah rata-rata arus induktor di dalam gambar. 18. Dari
gambar. 18,

(V:'n - Vo,avg ) Dl P;,mlgﬂi

AL = =222 ()
jL JL
V

"'radv;= e =EK(D1+D2) (25)

' R 2
Menggantikan dari persamaan (24), kita mendapatkan bahwa

v s &
e = edd k x(D, +D,)
R 277

That is, (D, + DD, = z_ng (26)

Pemecahan untuk D2,

11




Ketika R> RC, D2 dapat diperoleh dari persamaan (27), mengira bahwa
DI, f dan L dikenal Karena rata-rata voltase induktor di atas suatu siklus adalah
nol, kita memperoleh dari gambar yang,

Vi = V.0, XD =¥, XD, (28)

R o,aug
Kemudian
Efoﬂug = _.'DI.X—P:-'L (29}
' D+ D,
Menggantikan untuk D2 dari persamaan ( 27),
) D, XV, ) 2D,
2,8VE e D (]: )2m=_2 T lnﬂ-_sjz— (39}
_1+J Bl 328 g +J(Ba)’+—
2 4 R R

Applet Yang kedua menunjukkan bagaimana D2 Dan Vo,Avg bertukar-tukar
ketika R> RC,

APPLET PERTAMA

Applet yang kedua menenima tiga parameter, yang yakni menswitch frekwensi,
induktor menghargai dan siklus tugas dan merencanakan siklus tugas itu dioda
dan voltase keluaran sebagai fungsi pembalasan beban vang bermacam-macam
dari RC untuk { 11 RC).

12
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Fig. 18: Pulse-width Modulator

Pulse-Width Modulator mengendalikan tombol semipenghantar itu dan
adalah suatu kompleks bagian dari suatu pengatur diswitch. Sckarang ini,
pengatur yang diswitch menggunakan suatu pulse-width sirkuit integrator
modulator. Prinsip kendali oleh pulse-width modulasi digambarkan gambar. 19,
Diagram fungsional yang disederhanakan suatu pulse-width modulator khas
ditunjukkan Fig. 19A, sedangkan bentuk gelombang di gambar. 19B menjelaskan
operasi itu.

Pulse-Width Sirkuit Modulator terdiri dari suatu saw-tooth . generator,
suatu amplifier kesalahan, dan suatu pembanding, Frekwensi saw-tooth kaleng
generator yang pada umumnya disimpan memilih nilai-nilai sesuai dari suatu RC
jaringan. Amplifier Kesalahan bandingkan voltase acuan dan isyarat umpan
balik. Isyarat Umpan balik diperoleh penggunaan adalah suatu jaringan pembagi
tegangan ke seberang keluaran jtu SMPS sirkuit. Sebagai contoh, biarkan isyarat
umpan balik itu jadilah Vf dan voltase acuan jadilah Yref, Kemudian

v, =, (3
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V.
vV =%=%=L; (32)

Keluaran amplifier kesalahan dibandingkan dengan saw-tooth bentuk
gelombang itu dan ketika voltase ini adalah lebih besar dari keluaran sawtooth
generator, keluaran pembanding akan pada logika 'l1'. Ketika keluaran
pembanding ada di logika '1", tombol di dalam SMPS sirkit dapat bertahan itu
PADA ATAS stalus. Ketika pembanding ada di logika '0', tombol di dalam
SMPS sirkit dapat bertahan itu MULAI menyatakan,

CLOSED-LOOP MENGENDALIKAN

Dalam rangka mengatur voltase keluaran itu, suatu pengonirol diperlukan
untuk dirancang. Karcna ini bermaksud, rangkaian tenaga yang vang pertama
diwakili oleh suatu perpindahan berfungsi.

Yang pasif bagian dari rangkaian tenaga ditunjukkan gambar 20, Karena DC
keluaran SMPS digambarkan oleh persamaan (10), masukan yang efektif kepada
sirkit yang pasif di dalam gambar. 20 kaleng dinyatakan untuk menjadi E D(S),
sedangkan D(S) adalah Laplace Penjelmaan keluaran amplifier kesalahan
menunjukkan gambar. 19. Di dalam prosedur desain menguraikan di bawah,
D(5) mempertimbangkan keluaran pengontrol, bermacam-macam antar[a] 0 dan
¥:

o =
sL & 4
V(8= E.D(s) 1 —— r Va(8)
s —
i e

Fig. 20: Buck Converter: Passive Part

Karena sirkit di dalam gambar. 20,

VG yle) Wy (33)
Va(s) _5-1+_3-+.L SJ_‘_Z;WHE_'_W“!

RC. D&
di mana :
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1 1 |L
W :—_,aﬂd = 34
£ 2R (34)

* JIC '

Diagram blok SMPS dengan suatu pengontrol PI (22:7) ditunjukkan Buah ara.
21. Fungsi Perpindahan blok yang berbeda di dalam gambar, 21 sebagai berikut;

= 5%

Mdb| Pl controller Power Circuit

F
*+ Fitter

Differentiating
Networlk

Fig. 21: Block Diagram with a Pl controller

Vef

PI (22:7) pengontrol mempunyai dua masukan, isyarat acuan Vref vang
scsuai dengan voltase keluaran yang diinginkan dan isyarat umpan balik Vfdb.
Isyarat Kesalahan, perbedaan, e, antar[a] Vref Dan Vfdb diberi makan kepada
pengontrol P1 (22.7) dan keluaran pengontrol PI (22:7) adalah D(S), isyarat yang
menetapkan siklus tugas itu. Kemudian

D(s) _ 1+ KT (35)
E(s) 7
Di dalam persamaan (35), K adalah keuntungan yang sebanding dan T

adalah itu mengintegrasikan tetapan-waktu, Keluaran pengontrol PI (22:7)
bervariasi antara 0 dan 1 dan mempunyai dua batas, seseorang sesuai dengan
siklus tugas yang paling rendah dan lain sesuai dengan siklus tugas vang paling
tinggi,

Fungsi Perpindahan rangkaian tenaga diperoleh sebagai berikut. Karena
keluaran bervariasi secara linier dengan siklus tugas, penyamaan (33) kaleng
diperkenalkan sebagai berikut:
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AU ACY = B,

Karena merancang sistem yang pengulangan tertutup, kutub dalam kaitan
dengan sumber dapat diabaikan. Karena rangkaian tenaga sangat banyak umpan
balik derivative under-damped diperlukan untuk operasi stabil Sirkuit
Pembedaan menyediakan isyarat umpan balik itu. Untuk simulasi, isyarat yang
derivative diperoleh didasarkan pada arus kapasitor itu. Voltase Umpan balik
yang derivative adalah mulai jadilah kd.iC, di mana iC diharapkan untuk
menjadi saban unit menghargai.

Applet yang ketiga yang diperkenalkan di bawah mengijinkan pemakai
itu untuk mendisain suatu pengontrol PT (22;7) pantas. Parameter untuk di-set
adalah; menswitch frekwensi di dalam kHz keuntungan pengontrol Pl (22:7),
nya mengintegrasikan tetapan-waktu, induktans, kapasitansi, pembalasan beban,
waktunya tetap untuk saringan di dalam alur umpan balik dan koefisien vang
derivative.

APPLET KETIGA

Pengaturan Umpan balik menggunakan untuk simulasi yang nyata berisi
untaian tambahan. Itu adalah diperlukan untuk membatasi arus induktor ity
karena dilihat dari tanggapan yang pengulangan terbuka bahwa arus induktor
dapat beberapa kali sekarang yang dinilai, di mana arus beban yang dinilai
adalah beban maksimum yang sekarang vang nominal itu SMPS, Im merupakan
suatu parameter yang dapat yang ditetapkan dalam program. . Di dalam program
ini, batas vang sekarang ditetapkan pada 1.5 kali arus beban yang dinilai, dan
ketika arus induktor melebihi yang sckarang membatasi, yang sekarang lebih
dari batas yang sekarang diperbesar dan ditambahkan kepada isyarat umpan
balik. Sebaga tambahan, suatu isyarat umpan balik denvative, yang diperoleh
menggunakan arus kapasitor itu, ditambahkan kepada isyarat umpan balik.
Umpan balik derivative meningkatkan membasahi sistem dan tanpa itu, sistem
adalah oscillatory kendati suatu pengontrol PI (22:7} dirancang dengan baik.
Sedang merancang pengontrol Pl (22:7) itu yvang menggunakan applet yang
ketiga, menswitch sirkit digantikan olech suatu penguat linear dan perkiraan ini
adalah yang penting bagli perancangan pengontrol PI (22:7). Tetapi pada
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kenyataannya, square-wave voltase masuk kepada rangkaian tenaga membuat
sistem [itu] untuk oscillatory [karena;sejak] rangkaian tenaga dengan berat
under-damped. Pengaturan Umpan balik digunakan ditunjukkan Buah ara. 22.

Refvolt

p
|i’ % > Cutput of Pl Controllar

Pl Controller

ky— e OE Load Curraent

Inductor Current

Max. Current

) T i:
———— Qutput Volt.

Fig. 22: Feedback arrangement

APPLET KE LIMA
IMPLEMENTASI YANG MENGGUNAKAN Suatu PENGALI
Implementasi yang menggunakan suatu pengali adalah suatu pilihan menank
karena rencana ini dapat [menvampaikan/kirim] hampir menginginkan voltase
keluaran kendati fluktuasi di (dalam) voltase sumber. Rencana untuk digunakan
ditunjukkan gambar, 23.
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Fig. 23: Implementation using a muitiplier

Masukan kepada pengali adalah voltase sumber atau suatu [part;bagian)
daripadanya dan keluaran opamp di (dalam) pengulangan/jerat umpan balik.
Karena keluaran pengali perlu Vref sama Perwakilan voltase keluaran vang
diinginkan, keluaran opamp mencerminkan tugas itu beredar, lsyarat ini dapat
dibandingkan dengan keluaran suatu sawtooth generator dan suatu denyut nadi
uniuk menyalakan tombol itu dapat diperoleh. Jika Vref dapat dimodifikasi
untuk meliputi efek meneteskan ke dalam tombol itu, keluaran SMPS dapat
sama nilai yang di-set itu. Applet yang keenam menirukan itu SMPS vang
dikendalikan cara ini.

RINGKASAN

Halaman ini telah uraikan operasi sualu gaya tombol step-down
menggerakkan sirkit persedinan. Karena uraian di dalam halaman ini, itu telah
mengira bahwa komponen itu menggunakan rangkaian tenaga adalah ideal,
sedangkan mereka bukanlah ideal
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Power ON

Listrik 220 masuk ke trafo , sekunder dipilih tegangan AC 15 V, tegangan
tersebut disearahkan menjadi DC 15 V, dipilih juga tegangan AC 12 V pada lilitan
sekunder dan disearahkan menjadi DC 12 V untuk supply control,

Ketika diinginkan tegangan output tertentu , nilai teganpan diset pada
keypad, setelah data benar dan kemudian ditekan enter maka conmrol akan
mengeluarkan sinyal dengan frekuens: | Khz , kemudian arus akan mengalir dari
kuprox (Penyearah 15 V) ke trafo switching. Tegangan yang keluar dari sekunder
trafo switching disearahkan menggunakan kuprox 2 A dan kemudian dikeluarkan
sebagal tegangan output.

ADC membaca tegangan yang dihasilkan dan sekunder uafo switching
yang sudah disearahkan dan kemudian diubah menjadi data digital dan diberikan
kepada mikrokontroler. Mikrokontroler membaca data tersebur  dan
membandingkannya dengan data base tegangan, Misalnya Data — 50 tegangan 5
Volt.

Jika data ADC yang dibaca kurang dari data base tegangan. maka
mikrokontroler akan menaikkan frekuensi menjadi 6,6 Khz kemudian dibaca
kembali sampai dengan data ADC yang dibaca sama dengan data base tegangan.

Jika data ADC yang dibacalebih dari data base tegangaan maka
mikrokontroler akan menurunkan frekuensi tersebut sampai dengan data ADC

yang dibaca sama dengan data base tegangan.




PWM (Pulse Width Modulation) adalah : Memodulasi atau merekayasa waktu
On dan Off , Perbandingan waktu On dan Off dikonversi ke dalam satuan persen

misalnya On 30 dan 70 Off maka PWM =30 %, = ;ﬂm = 100 %
30+

= 30%
Pengujian minimum system :

Pengujian dalam sistem ini dilakukan untuk mengetahui apakah rangkaian
minimum sistem dan perangkat lunak yang diisikan dalam EPROM sudah bekerja
dengan benar. Pengujian juga dilakukan dengan mengoperasikan peralatan
melalui tombol operasi {keypad). Oleh karena 1tu pengujian minimum system ini
dapat dilakukan dengan melihat hasil yang diperoleh seperti led pada 7 matrix,
lebar pulsa yang keluar pada kaki output sesuai dengan program.

Pengujian Switching Power Supply :

1} Mehhat lebar pulsa awal yang dibangkitkan oleh rangkaian

mikrokontroler,

Tegangan output diamati oleh bermacam-macam seting sambil melihat
perubahan lebar pulsa yang tampak pada layar osciloscop, kemudian output
dibebani, juga sambil melihat output kaki mikro.

2). Pengujian besaran arus input switching, tegangan input, tegangan output,
arus output, mipple output (pada beban 330 (] resistor Y% W karbon murm)

kemudian ditabelkan.




HASIL PENGUJIAN

V Set V Out Error (%)
05 0,54 8
1 1,02 2
1.5 155 3,33333333
2 2,06 3
2,5 2.52 0.8
3 3,03 1
3.5 356 1,71428571
4 401 0.25
45 1,52 044444438
5 5,15 3
5.5 5.52 0,36363636
6 602 0,33333333
6.5 6,51 0,15384615
7 7.02 0,28571429
7.5 7.54 0,53333333
8 8.03 0.375
8.5 857 (,82352941
9 905 (),55555556
8.5 854 042105263
10 10,11 K
10.5 10,58 0,76190476
11 11.04 0,36363636
11,5 11,54 0,34782609
12 12.22 1.83333333
12,5 12,62 0.06
13 13,23 1,76923077
13.5 13 51 0.07407407
i4 14,25 1, 78571429
14.5 14.6 (0,68965517
15 15,25 1 66666667
Jumlah errer 387391061




Analisa error

Error (%) = Seff.i‘fﬁfﬁjiangqn 500 %
e
Error Rata-Rata (%)= L Error
¥ Data
_ 3873
30

1,29 %
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1. Metode penelitian ;

Dalam skripsi ini digunakan metoda flyback uniuk rangkaian
mverfer, karena kesederhanaan rangkaian (tanpa filter output dan lilitan
clamp) namum dapat diandalkan dan konfigurasi pengaturan (sebagai
penjaga kestabilan) dipakal type PULSE WIDTH MODULATION dimana
lebar pulsa yang kita atur, sedangkan frekuensi tetap dipertahankan.
Rangkaian mimimum sistem  disini digunakan sebagai otak kendali
pengaturan lebar pulsa (PWM) agar diperoleh kestabilan tegangan yang
tinggi, input keypad, led tegangan, dan elemen memori dari contoh
tegangan vang dapat dipanggil setiap waktu dengan cepat.

Rangkaian rectifier dan filter untuk meratakan dan memperkecil
kerut-kerut tegangan agar diperoleh tegangan output yang diharapkan
mendekati tegangan DC murni.

Output dapat beroperasi p;ada frekuensi tinggi dibutuhkan
komponen-komponen pilihan terutama pada masalah trafo switching. Inti
trafo ini dibuat dari bahan ferit yang didesain khusus dimana bahan
tersebut memiliki sifat remanensi yang dapat dengan cepat dipulihkan atau
dengan kata lain sifut inti trafo sewaktu diimbas dan berubah menjadi
magnet harus secepat mungkin bisa dihilangkan karena seniakan pulsa
switching yang benikutnya sudah harus bebas dari sisa-sisa magnet yang

sebelumnya.




CARA MENDAPATEAN LEBAR PULSA VARIAREIL

Diatas telah disinggung care kerja dari rangkaian kontrol yang

dapat mengendalikan lebar pulsa variabel secara analog, tetapi dalam tugas

akhir im pembangkit lebar pulsa dilakukan bukan oleh komponen analog

melainkan dibangkitkan oleh minimum sistem.

Hal ini dilakukan dengan alasan :

1.

Tidak perlu lagn membuat tegangan referensi dan osilator, karena
ouput dari “PWM digital™ sudah berlevel digital dan siap untuk
mengatur waktu konduksi transistor swifching menjadi dua keadaan.

Frekuensi kerja dari minimum sistem jauh lebih tinggi dari pada
frekuensi kerja rangkaian switching, sehingga pelepasan pulsa swirch

dapat diatur dengan cepat.

. Untuk membias transistor swifching disini hanya dibutuhkan duoa

kejadian saja yaitu sifat saturasi (short) dan cut off {open) atau schagai
saklar. Dua level imi adalah identik dengan level kerja rangkaian
digital. Proses pembangkitan pulsa switch pertama-tama yang
dikeluarkan PWM  adalah pulsa yang paling sempit, kemudian
dimasukkan ke rangkaian konverter untuk diubah menjadi suatu level
tegangan. Karena pulsa yang sempit ini menghasilkan periode “on™
transistor yang sangat singkat, sehingga transfer daya pada trafo juga
sedikit dan tegangan yang dihasilkan juga sangat kecil, pada saat itu

juga ADC disiapkan untuk mendeteksi output dan regulator.




Output ADC setelah mengkonversi tegangan yang diterima sudah
berupa level digital yang proporsional dengan besaran tegangan dan
langsung diumpan pada mikrokontroler dan didalam mikrokontroler
terjadi proses pembandingan dengan tegangan set yang diminta.

Jika pada suatu saat outpul switching kita bebani dengan beban yang
lebih besar (tetapi tidak lebih besar dari kemampuan switchingnya),
maka tegangannya pasti turun. Gejala ini dapat dirasakan oleh
mikrokontroler segera ia memerintahkan untuk menambah lebar pulsa

sehingga kestabilan tetap terjaga.

n

Duty eyele D= —————
TOn+10ff
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2. Teori mosfet / switching regulator :
Metal-Oxide-Semiconductor-Field-Effect-Transistor (Mosfet) Blok
adalah suatu semi konduktor yang dapat dikontrol oleh gerbang sinyal (
G= 0} jika mendapat current Id vang positif (1d=0) Mosfet Blok
dihubungkan secara paralel dengan suatu dioda internal yang menyala
ketika Mosfet Blok dibiaskan reverse ( Vds < 0). Model disimulasikan
sebagai kombinasi rangkaian suatu variabel resistor (R,) dan induktor (L)

secara serl dengan switch control sebagai logical signal ( G=0 Atan G=0),

Mostet b 1 IHIE Id
i
D drvin; S: source; B2 gete R o e o
GAMBAR

SIMBOL MOSFET
Mosfet Blok menyala ketika voltase drain-source adalah positif dan sinyal positif

diterapkan di masukan gerbang ( G = ().
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Dengan arus positif yang mengalir melalui alat, Mosfet Blok mati
(turns off) ketika masukan gerbang menjadi nol. Jika current 1d negatif ( Id
yang mengalir di dioda internal) dan sinyal gerbang adalah nol { G= 0),
Mosfet Blok mati ketika current Id menjadi nol { 1d=0).
- Catatan bahwa resistansi on-state Rt tergantung pada arah arus searah
* Rt=Ron jika [d> 0, dimana Ron mendapatkan nilai tertentu pada bias
forward resistansi konduksi Mosfet Blok
e Rt=Rd jika Id< 0, dimana Rd mendapatkan resistansi dioda internal.
Mosfet Blok juga berisi suatu rangkaian Rs-Cs snubber sirkit, yang
biasanya dihubungkan paralel dengan Mosfet Blok. Kamu dapat

menetapkan snubber untuk memberi hambatan (Cs= Inf) atau kapasitif




{Rs=0}. Jika kemu menetapkan baik Rs=Inf maupun Cs=0, snubber
dihapus dan hilang pada icon Mosfet.

Arus Awal Ic yang mengalir Mosfet Blok pada umumnya dimulai
dari nol, sehingga simulasi dimulai dengan pemblokkan Mosfet
Bagaimanapun, harus ditetapkan suatu Nilai Ic yang sesuai dengan sirkuit .
Dengan demikian sernua state linier harus di-set . [nitializing semua state
suatu konverter power-electronic adalah suatu pertanyaan kompleks. Oleh

karena itu, pilihan ini hanya bermanfaat pada sirkuit sederhana.

D Kotak Parameter Mosfet




inpute

Masukan Dan Keluaran

Keluaran dan masukan pertama Mosfet dikoneksikan ke drain (d)
dan sumber (s). Masukan yang kedua ( g) adalah suatu sinyal Simulink
logis yang diaplikesikan pada gerbang. Keluaran yang kedna adalah sustu
Simulink Garis vektor Pengukuran [1d, Vds] yang mengembalikan Voltasc
Dan Arus Mosfet.
Asumst Dan Pembatasan

Mosfet blok mengimplementasikan suatu model macro Alat
Mosfet yang riil. Model macro ini tidak mempertimbangkan baik  ilmu
alat ukur maupun proses alam yang kompleks [ 1].
Di dalam Penyajian Simulink, Mosfet diperagakan sebagai elemen

nonlinear yang menghubungkan dengan sirkuit linier seperti di bawah ini.

Linssr circuit

B Stute Spme T outputs

ABRCD
—f
d | !: I Vi
'—
1
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Untuk menghindari suatu pengulangan secara aljabar, Mosfet
Induktansi Lon fidak bisa di-set nol. Masing-Masing Mosfet
menambahkan suatu state ekstra ke model sirkuit elektrik. Sejak Mosfet
diperagakan sebapgai sumber arus, Mosfet tidak bisa dihubungkan secara
seri dengan suatu Inductor, suatu sumber arus, atau suatu sirkuit terbuka,

kecuali jika digunakan suatu sirkuit snubber.

3. Kesimpulan :

|. Programmable switching power supply adalah suatu peralatan
penunjang setiap kegiatan elektronika yang sangat penting apalagi jika
dipakai pada keadaan yang sangat cepat tanpa perlu lagi mengeset
tegangan vang hendak diminta.

2. Penggunsan lebar pulsa variabel (PWM) yang dibangkitkan atau
dikontrol cleh mikrokontroler ternyata dapat memberikan hasil
regulasi/pengaturan tegangan yang baik,

3. Trafo switching yang dipasang pada sistem ini memiliki kemampuan
2 Ampere.

4. Output dapat diatur sesuai dengan keinginan kita yang dapat beroperasi

pada frekuensi tinggi antara 1-100 Khz dan bernilai error 1,29 %.




4. Analisa pengujian Alat

TABEL 4.1.
HASIL PENGUJIAN
!
V Set YV Out Error (%)
05 0,54 8
1 1.02 2
1,5 1,55 3,33333333
2 2,06 3
2.3 2,52 0,8
3 3,03 1
3.5 3.56 1, 71428571
4 4,01 0,25
4.5 452 044444444
5 5,15 3
55 5,52 ~ 0,36363636
6 6.02 0,33333333
6.5 6,51 0,15384615
7 7,02 0,28571429
75 754 0,53333333
8 8,03 0375
85 8,57 0.82352941
g G 05 0,55555556
9.5 9,54 ~ 0,42105263
10 10,11 1,1
10,5 10,58 0,76190476
11 11,04 0,36363636
115 11.54 0.34782609
12 12,22 1,83333333
T 12,62 0,96
13 13,23 1.76923077
13,5 13,51 0,07407407
14 14,25 178571429
14.5 14.6 068965517
15 1525 1,66666667
Jumlah error 38.73914061




4.1.

Analisa Data

Selisihtegangan

Emor (%) = oo
el

* 100 %

Y Error

Error Rata-Rata (%) = SD
ata

= 1,29%
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MC78XX/LM78XX/MC78XXA

3-Terminal 1A Positive Voltage Regulator

Features

= Oufput Curment up to LA

+ Qutput Voltages of 3, 6. 8.9, 10, 12, 15, I8, 24V
= Thermal Overload Protection

+ Rhort Circuit Protection

* Chapint Transistor Safe Operating Arca PFrotection

Internal Block Digram

Description

The MCTEXT MTEX UMUTEN XA series of thres
lenminal positive regulators are availahle in the
TO-220T-PAK package and with several fxed cuput
voltages, making them uselil i a wide mnge of
applications. Each fype emplays indernal corment linmiting,
thermial shut down gnd safe operating arca protoction.
mking it essentially indestructible. 1f adequare heat sinking
iz provided, they can deliver ower LA oulpul currenl
Although designed primarily as fixed wvoltage repulatons,
these devices can be wsed with external components (o
clrtain adjustatle voltsges und curmen,
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Absolute Maximum Ratings

Parameter Symbol Value Unit
Input Voltage ifor Vo = 5V to 18V) W a5 W
{for Vo = 24\) Vi 40 W
Thermal Resistance Junction-Cases (TO-220) Rac L oY
| Thermal Reslstance Junction-Air (TO-220) ReJa B5 ST
Operating Temparature Range TOPR 0~ +125 BC
Storage Temperature Range TsTG -85 ~ +150 °c

Electrical Characteristics (MC7805/LM7805)
{Refer fo test circuit 0°C < Ty < 125°C, lg = 500mA, V| = 10V, Ci= 0.33uF, Co= 0.1pF, unless otherwise specified)

MCT805/LM7B05
Parameter Symbol Conditions Unit
Min. | Typ. | Max
TJ=+257C 4.8 50 52
Cutput Voltage VO | 50mA = lo = 1.0A Pp = 15W y
Vi= TV 1o 20V 4.75 50 5.25
: A Vo =TV to 25V - 4.0 100
Line Regulation (Note1) Regling | T/=+25°C Vi=8Vio 12V = 8 =0 mh
I = 5.0mA to1 54 - ] 100
Load Regulation {Motet) Regload | T =+25°C I =250mA o ) 7 & iy
T50mA
- Quiescent Current Ia TI=+25°C B - 5.0 B.0O ma
Culescent Cumrent Change Alg Ip= bk fo1 0h = Do .65 mA
Vi= 7V to 25V - 03 1.3
Dutput Voltage Drift AVO/AT | lo=5mA - 0.8 - | mvrog
Output Moise Voltage VN f= 10Hz to 100KHz, TA=+25°C - 42 - PV
Ripple Rejection RR {::: fgfj";u - 2 | 73 | - dB
Cropout Voltage VDrep | 0= 1A, Ty=425°C - 2 = v
Dutput Resistance o f=1KHz - 5 - mit
Sheort Circult Cument Isc Wi= 35V, Ta=+259C - 230 - ma
Feak Current [[=""§ Ty =+257C 2 22 & A
Mote;

1. Load and |ine requlation are specified al constant junetion temperature. Changes in Vo due 1o heating effects must be taken
into account separataky. Pulse testing with low duty is used,




MCTRXN MTRXMCTEMCA

Electrical Characteristics (MC7806)
(Refer to test creuit .0°C < Ty < 125°C, |10 = S00mA, Vi =11V, Ci= 0.23pF, Co= 0.1uF, unless otherwise specified)

MCTBOE
Parameter Symbaol Conditions Unit
Min. | Typ. | Max
Ta=+25°C 575 | 60 | 625
Dutput Voltage Vo 50ma = g < 1.04, Pg < 15W v
Vi= B0V to 21V BT 8.0 6.3
. . , Vi =8V to 25V - 5 | 120
Line Regulation (Notet) Regline | Ty=+25"C Yoy - is = mv
_ o =5mA to 1.54 - a 120
Load Regulation (Mote1) Reglead | Ty =+25°C o =250mA to750A - 3 0 '
Qulescent Cument I T1=+25°C - 50 8.0 mA
Quiescent Cument Change Alg sl - - 05 mA
V=8V to 25v - - 1.3
Dutput Voltage Drift AVOIAT | lo = 5mA - .8 - m'f O
Output Noise Voltage VN f=10Hzto 100KHz, Ta =+25°C - 45 - LT
Ripple Rejection O i 59 | 75 | - | B
Dropout Voltage VDrep | o =18 T =+25°C - z = W
Qutput Resistance ro f=1KHz - 19 - mil
Short Clreult Current lsc | V= 35V, Ta=+25°C - | 280 | - mé
Peak Current IPK TJ=+25°C - 22 - A

Note:
1. Load and line requlation are specified at constant junclion temperature, Changes in W0 due o heatng effects must be Laken
into account saparataly. Pulse testing with low duty is used.
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Electrical Characteristics (MC7808)
{Refer to test cireuit ,0°C < Ty < 126°C, 1o = 500mA, Vi =14V, C|= 0.33pF, Co=0.1pF, unless otherwise specified)

TBOB
Parameter Symbol Conditions i Unit
Min. | Typ. | Max.
Ty =+25°C 77 | 80 | 83
Output Yoltage VO | 50mA <o < 1.0A,Pg = 15W "
Vi =105V to 23V 76 | 80 | 8.4
Vi=10.5Y to 25V - a0 | 160
Line Regulation (Notet) Regline | Ty=+25° : my
Vi=11.5V i1y - 20 a0
Io=50mAto 1.5A - 1
Load Regulation {Note1) Regload | Ty =+25°C e o) i ST
= 250mA to 7S0ma = 50 | 80
Quiescent Cument la] TI=+25°C - 50 | B0 [ mA
_ 10 = 5mA 1o 1.0A - |o0s] 05
Cuiescent Cumrent Change Alg — mdy,
Vi =10.5A to 25V - 5| 1.0
Output Voltage Drift AVOiAT | Io =5ma - |0e| - |mweC
Cutput Noise Voliage Wi f=10Hz o 100KHz, Ta=+25C - 22 - | pVive
Ripple Rejection RR f=120Hz, Vi= 11.5V 1o 21.5V 56 73 B dB
Dropout Vaoltage Vorap | lo=1A, Ty=+25°C 2 = W
Cutput Resistance o f=1KHz - 17 - mi2
Short Circuit Curment lsc Vi= 35V, Ta =+25°C - 230 )| - ma,
Peak Curreni IpK Ty=+25°C - 22| - A
Mota:

1. Load end line regulation are specified at constant junclion temperature. Changes in Vo due to heating effacks mest ba taken
ints account separately. Pulse testing with low duty is usad,
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Electrical Characteristics (MC7809)
(Refer to test circuit ,0°C < T) = 125°C g = 500mA, V=15V, Ci= 0.33pF, Co= 0.1pF, unless otherwise specified)

. MCT808 i
Parameter Symbaol Conditions Unit
Min. | Typ. | Max.
Ty =+25°0 865 a 835
Output Voliage Vo 5.0mA< |0 £1.04, Po 215W v
ViE 1.5V to 24V 8.6 9 | 94
Line Reguiation (Note1) | Regline | T=+25°C A2 e = L8 LY o
Vi=12vito 1 - 2 80
. . Io = 5mé 1o 1.54 - | 12 [ 180
Load Regulation {Notal) Fagload | T)=+25°C E S5O 16 TB0mA - 4 0 i’
CQuiescent Current n} TF=+25°C - 50 | B0 ma,
Quiescent Current Change alg | Iy~ B 10N - &8 ma
V| = 11.8V 1o 26V - - 13
Cutput Voltage Orift AVOIAT | o = SmA - -1 = |mwvieC
Output Noize Vaoltage VN f=10Hz to 100KHz, Ta =+25°C - 58 - (TRYALE
Ripplz Rejection RR {.q :%g;lztu -~ 58 +1 i 4B
Dropout Voltage Vorop | 10 = 1A, TI=+25°C - 2 e W
Cutput Resistance {a]) f=1KHz - 17 mil
Shart Circuit Current IS | Vi= 35V, TA =+25°C — 250 | - | ma
Peak Gurrent IPK Ti= +25°C - 22 - A
Mote:

1. Leed and line regulation are specified al constant junction temperature. Changes in Vo due o healing effects must be teken
into account separately, Pulse testing with low duty is used.
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Electrical Characteristics (MC7810)
(Refer to test circuit ,0°C< Ty < 125°C, lo = 500mA, Vi =16V, Cj= 0.33uF, Co=0.14F, unless otherwise specified)

- MCT7810
Parameter Symbal Condition= Unit
| Min. | Typ. | Max.
Ta=+25"C 9.8 10 104
Output Voltage Vo S.0mA < 10=1.04, PO =15W v
Vi = 12 5V to 25V 9.5 10 10.5
Line Regulalion (Notet) Regline | T)=+25°C A eV 2 ie 400 i
Wi= 13V to 25V - 3 100
i Io=5mAto 1548 - 12 200
Lead Regulation (Notet) Regload | Ti=+25°C 1o = Z50mA 1o 750mA - x e mb'
Cuiescent Curment Io T1=+25C - 541 B0 mA,
Quisscent Current Change | Alg sl ntdbe o - - a5 A,
Vi =12.5V to 29V - - 1.0
Output Violage Drift AVOIAT | 10 = 5mA u -1 - |mvrc
Output Noize Voltage YN f=10Hz to 100KHz, Ta =+25°C - 53 - TRV TN
Ripple Rejection RR L:Egv""m - 56 | 71 . a6 |
Cropout Voltage VDrop 0 =14, T/=+25°C = 2 - W
Output Resistance (o] f=1KHz 17 - mik
Short Circuit Current CIsc | Vi= 35V, TA=+25°C - 20| - | ma
Peak Current IPK Ti=+25"°C - 22 - A
Hote:

1. Load and lins regulaton are specified at constant junction bmperature, Changes in Vo due to healing effects must be taken
into aceount saparately, Pulse testing with low duty is used.
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Electrical Characteristics (MC7812)
(Refer to test cirevit ,0°C < T < 125°C, I = 500mA, Vi =16V, Ci= 0.33pF, Co=0.1uF, unless otherwise specified)

Parameter Symbaol Conditions Mo Unit
Min. | Typ. | Max.
Ta=#25°C M5 12 |125
Cutput Voltage Vo | 5.0mA <1p<1.0A, Po1s5W ”
Vi =145V to 27V 114 ] 12 | 1286
] . _ V= 14.5V to 30V - | 10 | 240
Line Regulation (Naote1) Reglineg | Ty=+25°C AR i = HETT my'
] I = 5mA to 1.54 - 11 240
Load Regulation (Note1) Regload | Ty=+25"C TR ey I B iy
Quiescent Current 5 TJ=+257C - 51 | 80 ma
) o = 5mA 1o 1.0A - 01 | 0.5
Quiescent Cumrent Change Alg . mA
¥ = 14.5V o 30V - 05| 10
Duiput Yoltage Orirt AVOIAT | 1o = 5ma = -1 4 mvf B0
Qutput Noise Voltage VN f=10Hz to 100KHz, TA =+25°C - 76 - | pvvo
Ripple Rejection RRE LT:?Igﬂzto 25y 55 71 - dBE
Dropout Yoltage VDrap | I0 =148, T)=+25°C 2 2 = W
Output Resistance ) f=1KHz - 18 = mi}
Short Clreult Current Isc W) = 35V, TA=+25°C - || - mé
Peak Current | K | Ty=+25°C = || = A
Note:

1. Load and line requlation are speified at constant junction temperature. Ghanges in Vo due to heating effects must be taken
into account saparataly, Pulss tasting with low duty is used,
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Electrical Characteristics (MC7815)
{Refer to test circuil ,0°C < Ty < 125°C, o = 500maA, V=23V, 0= 0.33uF, Co=0.1uF. unless otherwize specified)

Parametar Symbol Conditions MCTae Unit
Min. | Typ. | Max.
T)=+25°C 14 .4 18 | 156
Output Voltage vo 5.0mA 2 10 < 1.0A, Po = 15W !
Vi =17 .5V to 30V 1425 15 | 1575
Line Regulation {Notet) Ralive | fymagen |- 1EVRXNY L. 1] (=
Vi=20V to 26V - 3 180
Io = 5mA to 1.54 - 12 300
Load Reguiation (Note1) Regload | T) =+259C Icr = 250ma to i 4 i my
TH0mA,
Quiescent Current la | Tu=+25°% - | 52 |80 | maA
] o= 5ma fo 1.04 - - 05
Quieseent Cument Change Alny 2 1 mk
Vi =175V o 30V - - 1.0
Dutput Voltage Drift AVOVAT | lp = 5maA - -1 - v o
Cutpul Moise Voltage VN f=10Hz fo 100KHz, Ta=+25°C - g0 — [TRYFAR
Ripple Rejection RR LT:‘E”EH;V —" 54 | 70 - dB
Dropout Voltage VDrop | 10 = 1A, Tu=+25°C 5 o vV
Cutput Hesistance s} f=1KHz - 19 - il
' Short Circult Current | isc [ wvi=38V, Ta=+25°C - |20 | - mA
Peak Currenl I Pk Ty =+25°C - 22 - A

Mote:

1. Load and line regulation are specified at constant junction temperature. Changas In Vo due to healing effects must be takan
Imlo account saparately. Pulse testing with low duty is used.
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Electrical Characteristics (MC7818)
{Refer to test circuit ,0°C < Ty = 125°C, 1o = 500mA, V1 =27V, Ci= 0.33uF, Co=0.1pF, unless ctherwise specified)

MC7H1
Parameter Symbaol Conditions e Unit
Min. | Typ. | Max.
TJ)=+25°C 17.3 18 18.7
Output Voltage VO | 5.0mA <o £1.04 Po s15W 7
V) =21V 1o 33V 174 18 189
. ' Vi= 21V fo 33V - |15 | as0
Line Regulation (Moted Reglne | Ty=+25°C iy
8 ( ) e Wy = 24Y to 30V - 5 180
Io=5mato 154 - 15 | 360
Load Regulation {Mote1) Regload | Ty=+25°C O 131"
1o = 250mA to 750ma - 5.0 | 180
Cluiescent Cument I Ta=+25°C = 652 | 80 ma
I = BmA to 1.0A B =L 0.5
i m & it Ch Al =
Quiesced Current Change Q Vi= 21V 1o 33V - - - ma
Cutput Voltage Drift AVDIAT | I = 5mA - -1 - | mWeC
Output Noise Voltage VN f= 10Hz to 1T00KHz, Ta =+25°C - 110 - piivo
: Jeo 1= 120Hz
Ripple Rejection FER V) = 22V 1o 32V 53 69 - dB
Dropout Voltage Vorep | o= 1A T)=+25°C - 2 = Y
Output Resistance o] f=1KHz 22 mil
Short Circult Current Isc W) = 35Y, Ta=+25°C - 250 - mA
Peaak Curren [=1'% Ty =+25°C - 22 - A
MNote:

1, Load and line regulation are specified at constant junctcn temperature. Changes in Vo due 1o heating effects muasl ba takan
into aceount separately. Pulse testing with low duly is used.
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Electrical Characteristics (MC7824)
(Refer to test circult ,0°C < Ty < 125°C, o = 500maA, Vi =33V, Ci= 0.33uF, Co=0.1uF, unless otherwise specified)

MC7824
Paramater Symbol Conditions - Unit
Min. | Typ. | Max.
Ty =+259C 23 | 24 | 25
Output Voltage VO | s50mA=<Ilo<1.0A Po<15W v
Vi= 27V to 38V 228 | 24 (2525
. . : VI = 27V to 3BV - | 17 | 480
Line Regulation (Note1) Regline | Ty =+25°C N e St T AR = =g v
Load Regulation (Mote1}) Regload | Ty =+25°C 10~ a0 - il o i
I = 250mA to 750mA - a0 | 240
Quiescent Current [[n] Ta=+25°%C - 52 8.0 ma
) I = 5maA to 1.04 - 1 | 05
Quiescent Cument Change Alg s
V=27V to 38Y - 05 1
Dutput Voltage Drift AVOIAT | 1o = 5mA - A5 - |myWes
Output Noise Voltage VN | f=10Hz to 100KHz, TA =+25°C - |60 | - |uvio
Ripple Rejection B 1 50 |67 | - | a8
Dropout Voltage Vowop | l0=1A, Ty=+25°C s 2 - W
Output Resistance o | f= 1KHz . - |z - | mo
Short Circuit Current Isc Vi= 38, Ta=+25°C - 230 . ma
Peak Current =] TJ=+259C - 22 - A
Note:

1. Load and line ragulation are spedfisd at constant junction temperature. GChanges in Vo due 1o heating affects must be taken
into acenunt saparataly. Pulss tasting with low duty is used.
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Electrical Characteristics (MC7805A)
(Refer to the test circuits. B°C < T < 125°C_ | =14, V | = 10V, C 1=0.33uF, C o=0.1uF, unless otherwise specified)

FParameter Symbaol Conditions Min. | Typ. | Max. Unit
Ty=4259C 49 5 51
Qutput Voltage Vo lo = 5mA to 14, Po = 15W & E = v
Wi= 7.5V to 20V ' :
W= 7.5V to 28V
lo = 500ma - ; %0
LIFIE' HEgUIatlﬂﬂ [Nﬂ‘iﬂ“‘} R&gline VI - Bu tD '_IE"v.i" B 3 50 r'ﬂ".’
Vi= 7.3 Vi - 50
TJ=+25°C ! st 2
V= 8Y to 12V - 14 25
Tj=42
; I e Er::‘fﬂ 1.6 B 9 100
Load Regulation (Note1) | . S o= = = v
g I =5mA to 1A - g 100 >
o = 250mA to 750mA - 4 &0
Quiescent Current Ia Ty=425°C = 50 8 A
_ Ig = 5ma to 14 - - 05 |
g;;“:g“:”‘ cmmart sla  |[Vi=8Vtoz5vV, Io = 500mA : . 08 | mA
Vi =75V 1o 20V, T)=+25°C £ - o8
Outpul Voltage Drift AVIAT | lo = 5m& - -0.8 - mv °C
f=10Hz to 100KHz
Cutput Nolse Voltage VN TA =425 °C - 10 - R AT
Ripple Rejection "l e - | e | - dB
Dropout Voltage VDrop o =1A, TJ =+259C = 2 - W
Cutput Resistance o f=1KHe - 17 - L
Short Circuit Currant sz V= 35V, Ta =+25°C 5 250 - ma
Peak Current IPK, TJ=+25°C - 2.2 - A
Note:

1. Load and line regalation are specified at constant junchion temperatise Change in Wi due to heating effacts must be taken
inlo Bocount separately. Pulse testing with low duty is used.

11




MCTEX L MTR N MC TN A

Electrical Characteristics (MC7806A)
(Refer to the test cireuits. 0°C < TJ < 125°C, Ig =1A, V | =11V, C 1=0.33yF, C 0=0.14F, unless otherwise specified)

Farameter Symbaol Conditions Min. | Typ. | Max. | Unit
Ty=+25°C 558 | 6 | 612
Output Voltags Vo 0 = 5mA to 1A, PO < 15W v
Vi =86Y o 21V L L
Wi= 8.6V to 25V
o = 500mA = | | e
Lh'le Regulﬂhﬂn ‘Nﬂtﬂ'j} Rt‘:gﬁnﬂ '|ll||lI= oV to 13V I 3 &0 Y,
Yi= 8.3V o 21V -
Ti=+25°C ! - o
Vi= BV o 13V - 15 30
TJ =+25%C
- - ] 100
Load Regulation (Note1) e lo =5mAto 1.54 sl g
4 Io = 5mA to 1A - 4 [ 100 | ™
o = 250mA to T50ma - 5.0 50
Quiescent Current o] Td =+259C = 4.3 & mé
o =5mAto 1A £ - 1| D8 .i
Quiescent Current Change Alg V) = 9V to 25V, 10 = 500mA - - 08 mA
Vi= 8.5V ta 21V, Ty =+25°C - - 0.8
Qutput Voltage Drift AVIAT | 10 = BmA - o8| - |[mw®c
: f=10Hz to 100KH=z
Output Noise Voltage VN TA =+25 9%C e 10 - TRLALY ]
_ =g f= 120Hz, Io = 500mA
Ripple Rejection RR Vi= 9V o 19V - 85 - dB
Dropout Voltage Vorap | lo = 1A, Ty=+25°C - 2 - W
Crutput Resistance o f=1KHz - 17 - mg2
Short Circuit Current Isc Vi= 35V, Ta =+25°C - 250 - ma
Peak Current lek TJ=+25°C - 22 - A
MNote:

1. Load and line regulation are specified at constanl junctinn lemperature. Change in Vo due to heating effects must be takan
into account separately. Pulse testing with low duty is used.
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Electrical Characteristics (MC7808A)
(Refer to the tast circuils. 0°C = T < 125°C, lo =1A, V 1= 14V, C =0.23pF, C o=01 pF, unless ctherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Ty =+259%C T84 | B 8.16
Output Voltage Vo 0= 5mA to 1A, Po<15W 2 § g4 v
Y= 106V 10 23V ’ .
Vi= 106V to 25\
I = 500ma B 8 &0
Line Regulatlun {ND{E‘” F'.Bgllnﬂ Vi=11vVio 17V = 5 BOD Py,
=104V to 23V -
TJ=+25°C v = E el
Wi= 11V 1o 17V - 2 40
TJ=+2500
B = 12 | 100
Load Regulation (Note1) ey | AN 158 i
g lo=5mAto 1A - | 12 |10 | ™
Io = 250mA to 750mA 2 5 | 50
Quiescant Current [#] Ta=+25°C = £.0 B mi
o =amAte 1A - - 0.5
Quiescent Current Change Alg V=11V to 28V, 1o = 500mA - - 0.8 A,
Vi= 106V 10 23V, Ty=+25°C - - 08
Cutput Voltage Drift AVIAT Io = 5mA - -0.8 - mviy°C
; f=10Hz to 100KHz
Output Moise Voltags VN Ta =+25°C = 10 = I
; S f=120Hz, Io = 500mA
RipploRejsction RR vz 115V 10215v - | 8 - e
Cropout Voltage VDrog =14, Ty=+250C . 2 = W
Cutput Resistance o f=1KHz - 18 - mix
Short Circuit Current lac Vi= 35V, Ta =+25°C 5 250 - A
Peak Current IPK TJ=+25°C o 2.2 - A
Mote!

1. Load and line reguiation are specified at constanl junction lemperatiore. Change in Vo due to heatng affacts misst ba Laken
into account separately. Pukse testing with low duty = usead.

13
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Electrical Characteristics (MCT809A)
{Refer to the test circults. 0°C < TJ < 125°C. lo =1A, V| = 15V, C 1=0.33uF, C 0=0.1pF, unless ofherwise specified)

Parameter Symbaol Conditions Min. | Typ. | Max. | Unit
Ta=+25C 882 | 9.0 | 918
Cutput Voltage Vo o = 5mA to 1A, Pos15W W
Vi= 112V to 24V il i
Vi= 1.7V to 25V
10 = 500mA - ||
Line Regulation {Mote) Regling | V1= 125V o 19V G P 45 my
] Wi= 11.5Y to 24Y - ;]
Ty=425C ' o
WVi= 125V {0 19V " 2 45
TJ=+25C 1
] - 12 100
Load Regulation (Note1) i lo = SmA to 1.0A s
9 10 =5mA to 1.0A - | 12 | 100
Io = 250mA to 7T50ma = 5 50
Quiescant Currant Iy Ti=+25"0C = 50 | B.O ma
Vi=11.7V lo 25V, Ty=+25C = = 0.8
Quiescant Curment Change Al V) = 12V 1o 25V, 10 = S00mA - - 08 Frid
lo=5méA to 1.0A - - 0.5
Output Voltage Drift AVIAT | lo=5mA - [-10] - |mwce
Z f=10Hz to 100KHz
Output Noise Vollage VN Ta =425°C - 10 - uviVo
F=120Hz, | = 500mA
Ripple Rejection RR Vi = 12V to 22V B 62 - dB
Dropout Voltage Vormp | lo=1A, Ty=+25"C = 2.0 = v
QOutput Reslstance o | f= 1KHz - 17 - miLl
Short Circult Current Isc Vi= 35V, TA =425 C - |20 - mA
Peak Current K T=+25C 2 2.2 = A
MNobe:

1. Lead and line raqulatian are spacified at constant, junction temperature, Change in Vo due to haating effects most be takean
into account separately, Pulse testing with low duly is used,
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Electrical Characteristics (MC7810A)
{Refer fo the test circuits. 0°C = Ty < 126°C, lo =1A, V= 16V, C =0.33yF, C o=0.1pF, unless otherwizse specified)

Parameter Symbaol Conditions Min. | Typ. | Max. | Unkit
Ty=+25¢C 98 | 10 | 102
Quiput Voltage | Vo I = 5mA to 14, Po < 15W v
VI =12.8V 10 25V ) Dl i
Vi= 12,8V to 26V
Io = 500mA . ¥ 100
Line Regulation {(Notet) Regline V= 13V to 20V ~ 4 50 e
5 Vi= 12 .5V to 25Y 5
Ti=426°C - s B, | K8
Vi= 13V to 20V E 3 50
TJ=+36°C
E 12 100
Load Regulation (Note1) Ko 1o =5mA 15 1.5A : T
I = 5mA to 1.0A - 12 [ w00 | ™
1o = 250mA to 750mA . 5 50
Quizscent Currant g Ti=425 C | - 50 6.0 md,
VI=13V 1o 26V, Ty=+25 C - - 0.5
Quiescent Current Change Al VI =128V to 25V, I = G00mA, - - 08 md
ley = EmActo 1.04, = = 0.5
Oulput Voltage Drift AVIAT | Ip=5mA - -1.0 - |mw’C
f= 10Hz to 100KHz PV Ao
Output Nolse Voltage WM | Ta=+25"C - 10 -
; N f= 120Hz, Io = 500mA
Ripple Rejection RR Vi = 14V to 24V - B2 - de
Dropout Voltage Vorep | lo=1A,Ti=+25C - 20 - W
Qutput Resistance ro f=1KHz - 17 - mil
Short Circuit Current Isc V= 38Y, Ta =+25 C - 250 = i
Peak Current IPK TJ=+25°C - [ 2z - A
Meta:

1 Load and line reguelation are specified at constant junction temperature. Change in Vo due to hesling effects must be taken
into acoount separately, Pulse testing with low duty is used.
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Electrical Characteristics (MC7812A)
(Refer to the test circuits, 0°C < T < 125°C, Ig =14, V1= 19V, C 1=0.33uF, C 0=0.1uF, unless atherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
TJ=+25"C 1175 12 | 1225
Oulput Voltage Vo lo=5mAto 1A, Po<15w W
VI = 14.8V to 27V HE || 128
Wi= 148V to 30
10 = 500mA = | ) A2e
Line Regulﬁtlun fNﬂtﬂ 1} Rﬂg'lnﬁ‘ VI: 18V to 22V 2 4 120 _—
= YI= 14.5V 10 27V - 120
T)=25C : i3
Vi= 18V o 22V = i &TH]
Ti=+25"C
= - 12 100
Load Regulation (Note1) s lo = 5mA to 1.5A %
&g Io = 5mA to 1,04 3 12w | ™
lo = 250ma o 750ma, E 5 50
Quisscent Current o Ti=+25C = 519 6.0 mé
V)= 15V to 30V, T=+25 G - 0.8
Quiescent Current Changa Al V) =14V to 27V, 10 = 500mA - | 08 s,
o =5mdA to 1.0A - 0.5
Culput Voltage Drift AVIAT o= SmA - -1.0 = mvf G
¥ f=10Hz to 100KHz
Dutput Noise Voltage Vi Ta =+25°C - 10 - o
. Lo F=120Hz, |0 = 500mA
Ripple Rejection RR Vi = 14V 1o 24V - 80 - dB
Dropout Voltage VDrop Ig=1A, Ty=+25C . - 20 - W
Cutput Resistance o f=1KHz - 18 - mi}
Short Circuit Current lsc Vi= 35V, TA =425 C - |a2s0 | - mA
Peak Current IpK T/=+25°C = | &% = A

Meda:
1. Load and line ragulation are spacified at constant junction temperature, Change in Vo due to heating effeds must be taken
into account separately, Pulse testing with low duly is used,
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Electrical Characteristics (MC7815A)
{Refer 1o the test circuits. 0°C = Ty =< 125°C, o =1A, V =23V, C 1=0.33uF C o=01uF, unless olhemwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
Ti=+25"C 147 | 15 | 153
Output Voltage Vo I =5ma to 1A, Po <15W WV
Vi = 17.7V to 30V 144 15 156
Vi= 17.9V to 30V
I = 500mA B 19 e
Line Regulation (Mote1) Regline \Vi= 20V to 26V = £ 150 M
g V= 17.5% to 30V - 11 0
Ti=+25C : =
Wi= 200 to 26 - 3 75
TJ=+25"C
o - 12 100
Load Regulation (Notet) | ..., | |0=5mAto15A s
*4 Io = 5mA 1o 1.0 - 12 | 100
I = 250mA to 750ma - L a0
Cuiescent Currant o] Ty=+25"C = 52 8.0 A,
Vi = 17.5V 1o 30V_ T, =+25 C - - 0.8
Quiescent Current Change Al V| =175V 1o 30V, |0 = 500mA - - 0.8 mA
Io =5mA to 1.0A . - 05
Cutput Voltage Dritt AVFAT lo = 5maA z -1.0 - mvi C
: f=10Hz to 100KH=z
Output Noize Voltage VN Ta =425"C - 10 - TR
. _— f=120Hz, |ty = 500mA
Ripple Rejection RR Vi = 18 5V 1o 28 5V - 58 - dB
Dropout Voltage VDrop lo=1A,Ti=+25"C . 20 - W
Owutput Resistance o f=1KHz - 14 - rmee
Short Circuit Current Isg Vi= 38V, TA=+25"C - 250 - mA
Peak Current IPK T/=+25C - 2.2 - A
Mote:

1. Load and fine regulation are spacified at constant junctian temperature, Change in Vo due to heating affects must ba takan
into account separately. Pulse testing with kow duly is used.
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Electrical Characteristics (MC7818A)
{Refer to the test circuits. 0°C < T < 125°C, lp =1A, V1= 27V, C =0.330F, C 0=0.1uF, unless ctherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
Ti=+25"C 1764 | 18 | 1838
Output Voltage Vo lp = 5mA to 1A, Pp <15W v
Vs 31V to 3o 17.3 | 1B 18.7
Vi= 24V to 33V
I = 500mA = | R | 799
Line Requlation (Mote1) Regline | Vi=21V to 33V z 5 180 i
7 Wi= 20 6Y to 33V :
Ty mi260 i 15 180
Vi= 24V bo 30V i 5 80
TI=+250
! 3 . 15 100
Load Regulation (NoteT) i Io = 5mA to 1.5A iy
&g Io = 5mA to 1.0A - 15 | 100
Io = 250mé to 750mA, = 7 50
Quiescent Currant I Tl =+25"C 2 52 6.0 ma
V=21V to 33V, T=+25 G - - 0.8
Quiescent Current Change Alg V= 21V to 33V, |0 = 500ma - - 08 i,
I = 5mA to 1.0A = I == 0.5
Cutput Voltage Drift AVIAT Io = SmA = -1.0 - myi G
Output Noise Voltage VN fTZ lEI;EE 100KHz i 10 | uvive
Ripple Rejection RR ,:.TJ %gtﬁh = 57 | - dB
Dropout Voltage VDop | lo=1A, Tg=+25'C - 20 - v
Qutput Resistance o f=1KHz - 19 - mi}
Short Circuit Current la Vi= 35V, Ta=+#25C - 250 A,
Peak Current Pk T=t25"°C e 2z - A
MNota:

1. Load and fine regulation are spacified at constant junction temperature. Changa In Vo due to heating effects must be taken
into account separately. Pulse testing with low duly is used,
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Electrical Characteristics (MC7824A)
{Refer to the test circuits. 0°C < Ty < 125°C, lg =1A. ¥V | = 33V, C =0.33uF, C o=0.1yF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
T)=+25"C 235 | 24 | 245
Qutput Voltage Vo o = 5mA to 1A, Po<15W 5 54 2% v
V| = 27.3V to 38V
:g:j;;‘;;ﬁw ! 18 | 24D
Line Requlation (Note1) Regline Vi= 21V to 33V g 240 | =y
it s Vi= 267V to 38V = 18 | 240
V= 30V to 36V : & 120
Tl =+25"C
Load Regulation (Notet) Regload I0:= 3mA:to 1.84 ~ ™ mu_ i
, i0 = 5mA to 1.04 - 15 | 100
i I0 = 250mA to T50mA = 7 50
Quiescent Current la T)=+25"C = 52 B.0 A,
[ o Vi =273V 1o 38V, T)=+25 C s 5 0.8
Chnescent Current Change AlQ V| = 27.3V to 38V, I = K00mA 3 - 0.8 s
lo = 5mAto 1.0A z = 0.5
Output Voltage Drift AVIAT | lo=5mA - |48 - |mwc
Output Noise Voltage v | 7 100 100KR -l - | e
Ripple Rejection R [ EEe el - | sa| - | 4
Dropout Voltage Vorop la=1ATy=+25C - 20 - W
“Gulput Resistance ro f= 1KHz - 20 - mel
Short Circuit Current isc V=35V, TA=+25 C I - | 250 - A
Peak Current IFK T=4257C o [ - 22 - A

Metea:

“. Load and line regulation are specified at constant junction tamparature. Change in VO due to heating effects must be taken
Inim aceount separately. Pulse testing with low duly is used.
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Typical Perfomance Characteristics
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Typical Applications
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Figure &, Constant Current Regulator

Hotes:

{1} To spacify an cutput voltage. subsiitute voltage value for "XX." A comman ground & requirad between the input and the
Cutput voltage, The input voltage must remain typically 2.0 sbove the output voltage even during the low paint an the input
ripple valtage.

(2} Cpis required if requlator is located an appreciable distance from power Supply filter.

{3) Co impioves stabliity and ranskent response.
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Mechanical Dimensions
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Mechancal Dimensions (ommen
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Ordering Information

Praoduct Numker = Output Yoltage Tolerance

FPackage

Operating Temperatura

LM7BOSCT

|_ 4%

TO-220

0-+125°C

Product Number

Output Voltage Tolerance

Package

Operating Temperature

MCTB05CT

MC7BOECT

MCFa0BCT

MOCFE0RCT

MC7810CT

MC7812CT

MC7815CT

MOCFBABCT

+H4,

MCT7824CT

MCTBOSCOT

‘MC7808CDT

MCT808C0T

MCTE0CDT

MLTE10C0T

MC7B12C0T

TO-220

D-PAK

MC7BOEACT

MCYBOSACT

MCT7E0BACT

MCTBO0ACT

MCT810ACT

+2%

MCT812ACT

MCTE1SACT

MCTETBACT

MCTE24ACT

TO-220

O~ + 125°C
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DISCLAIMER

FAIRCHILD SEMICOMDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TQ IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING QUT OF THE APPLICATION GR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN, NEITHER
DOES IT CONVEY AMY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODLUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IM LIFE SUFFORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORFORATION. As used harein:

1. Life suppern devices or systems are devices or syshems 2. Acritcal component in any compoenent of a life suppart
which, {a} are intended for surgical implant into the body, device or sysiem whose failurs ln perform can be
or (o} suppart or sustain life, and (¢} whose failure to regsonably axpectad 1o causs the failure of the life support
perform when properdy used in accordance with davice ar systam, or to affect its safety or efectivensss.

instructions for use provided in the labeling, can be
reasanably expected to result ina significant injury of the
user,

‘whwr. FAIMCNld seml.com

TrA 0.0m

ShcBOE 0000000
% 2001 Falrchi Semennducior Corporation
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 ADCO0801/ADC0802/ADC0803/ADC0804/ADCO08B05

| 8-Bit P Compatible A/D Converters

' General Description

The ADCOSDY, ADCOEOZ ADCCEI3, ADCDECY and
ADCO805 are CMEOS 8-bit successive appraximaton AL
canwerters  that  use a  differental potentometric
laddar—s=imelar 1o tha 256R products. These converters ara
deslgned toaliow operation with the NSCEDD and INSEOERA
derrative contral bus with TREESTATE outpat iches direciy
dnving the date buzs. These AVDs appadr ke Memory loca-
fions or HO ports Io the miccoprocazsor and no Interfacing
lewgicz 15 needed,

Differential analog voltage inputs atiow  increasing  the
common-mods rejection and offsatting the analog zero Input
valtage value. [n addiion, the vollage referance input can be
adjustad to allow oncoding any smaller anakyg voltlage span
to fhe fud B bits of resclution.

m Differential analog voltage mputs

m Logizinputs and outputs mest bath MOS and TTL
volkzoe leved spediications

® VWorks with 2.5V {LM336) woltags referancs

m On-chip clock generator

u (W 1o 5V anabeg Input woliage range with single 5
Suppky

m No zem adjust required

m 3" standard width 20-pin OIP package

® 20-pin molded chip carmer or smail putiine: package

» Operatas ratiometncally or with- 3 Va-, 2.5 Yge, ar
analog apan adjusied voltage refarence

Key Specifications

B Re=snlulion 8 hits
| Tofal eror e LEB, 4 L3B and £1 LB
Features m Conyersion tme 1003 s
B Compalibie wilh BUE0 gF dervalivas — no interfacing
logle needed - access time - 135 s
B Eazy inda-faca o all micropiocassers, o operates "stand
dlong”
Connection Diagram
ADC080X
Dualdn-ling and Emall Outline {S0) Packages
L
e i A=Y (OF V!
m—r TR CLH R
e 1 e L0 LS
i 701
fm—44 tiE ez
L | |5 p=DE1
Vi =i=AT 14 f—Dea
& UHIF=4 5 1dp—L
Rt |2f—REs
DN =4I | BT l:HE.H_!l
T T -
See Ordering Information
Ordering Information
TEMP RANGE o'cCTOTC oOcC TOTNC =-A0°'C TO +85'C
1 L Bt Adjustad ADCOB0ILCN
ERROR 414 Bil Unadjusted ADCOSDZLCWM ADCIS0ZLCN
+ 44 Bit Adjusted ADEOB0ALCH
+1Bit Unadjwsted ADCOHEDALCWM ADHCREDALCN ADCOEDSLENADCOBIMLCY
PACKAGE OUTLING M208 —Smell NZOA  Mcided CIP
Digtlina

LA e geecypbeed inefamwk 0! Tl Vg

s1apaAU0D (Y 3|qnedwion g NE-8 S080DAY/F08000Y/E08000Y/208000V/L080DAY




ADCOAC1ADCRE02IADCOBAZ/ADTOB04/ADT0R0S

Typical Applications
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13000503
BG80 Interface
ﬁ _—_'.u
At Lt
NILBH,
i, L
I8 Lo
pisad,
300 F e TKTTT
{ LATA

2 Ermor Specification (Includes Full-Scale,
Zero Error, and Mon-Linearity )
Part Full- Vieef2=2.300 Ve Viesd=No Connection
Mumber Scale (Mo Adjustments) (Mo Adjustmeants)
ADCOE0T | 214 LSR
ADCOB0Z | vy LSB
ADCORDA | +15 LA
ADCORDS | [ z1.s8
ADCORDE | 11 1L.5A




Absolute Maximum Ratings (note= 1. 3

If Miltary/Aerospace specified devices are required,
pleaae contact the Mational Semiconductor Sales OfficeS
Distributors for availability and specifications.

Supply Voltage (Ve-) (Mote 3)
Vollage
Logic Cantrol Inpuis
Al Other Input and Outputs
Lead Temp, (Sokdenng, 10 seconds)
Zuai-n-Line Package (plastic)
Dual-ri-Line Package (ceramic)
Surface Mount Package
Yapor Phase (60 seconds)

Infrared (15 seconds)
Storage Ternparalure Ranos
Package Dissipation at T,=25°C
ESD Susceptibilily (Mole: 30}

234C

~B5"C to +15D0°C

BTS miv

BUY

TranZ =T e
A0 =T, =+A5'0
-0 CT A U

D CaTes+T G

NCsT2~T0 C

4.5 Vo to B Vi

o Operating Ratings (vetes 1, 2)
=LA et + 1B Tamparature Ranco
=03 b (Ve HLEY) ADCOROALC
ADCORDC20305LCN
260G ADCOBO4LGN
el od ACCOBIZI0ALCVWM
Range of Voo
50

Electrical Characteristics
The fallowing specifications apply for Ve =5 Voo, TanisTa = Thex #0d fiop =840 kHz unless othorwise specified,

Parameter Conditions Min | Typ Max Units
JCOBDT: Tolal Adjusted Emor (MNots &) With Full-Zeale Ad). T LSB
[Soo Sectan 2.8.2) |
2080 Total Uradiusted Ermor (Note 8) Wip e 2=2 500 W y,. i LEEI__
SC0303: Total Adiusted Emor (Nola B) With Full-Scale Adj, £ L5E
[Sea Sechion 24920 B
WCOANE Tatal Lnadjusted Error (Note §) ".FHEF."EZZ.SG{J_‘:ID,_- . 1 LSE
WI0R05: Toiak Unadirsted Frror [Mote 1) Vicr2-No Connection . o +1 LSB
et Inpul Rasistance {Pin 9) ) ADCOSOTG2I0305 2.5 . 8.0 kLl
ADCOZ0L (Mate 9) 075 1.1 L 1%]
alog inpot Voltage Range [Mote 4) Wi{+) or V(=) Gnd-0.05 Vi 05 Vi
Comman-Mads Emar Civer Analng Input Voltage +118 +m I8
Ranga -
ver Supply Sensitivity Wi ™8 Vip £10% Ouer +1116 FEr LsH
Allowed Vyl-) and Vil -)
Yoliage Range (Mols 4}
\C Electrical Characteristics
e lolowirg specifications apply Tor Yo o=5 V. and Tyl 22T a0 Unloss atherwise specified. =
rmbal Parameter Conditions Min Typ Max Units
Gonversion Time Iy - 640 KHZ [Nole B] 103 114 s
Carvarsion Tima Nodes 5, ) 64 Eis Tifopi
Clock Frequency Wen =8V, (Mote 5) 1aa Bl 1480 kHz
Clack Duly Cycle 40 a1l U o
Conversian Rale in Fres-Henning TNTR tied to W& with 8770 4708 CONVS
Mada T8 =U Ve, =640 kbz )
e Wiith of WR Input {Starl Pulse Width) 5 =0 Vi (Note 7) | ud s
Moress Time (Dekay from Fal‘1ing Cy =100 pF 135 400 rs
Edge of RD o Culput Data Vakid}
TRI-STATES Conirgd (Delay T, =10 pF, R =10k 125 | 200 ns
Irar Fizig Edae of BB 1o See TR-STATE Test
Hi- £ Siate) Circuits}
. Chalay frem Falling Edge - aon 450 s
of Wi or RO to Reset of INTR !
Inpul Capacitanca of J..ug.ic' . | & 7.5 pF
Contre Inputs | -

3 wrwr fEdkanal som
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ADCOE0H/ADCD302/ADCOB03/ADCTR04/ADCOBDS

AC Electrical Characteristics |continusd)

The following specilications apply or Vo-=5 Ve and Ly D ST antess othenw se-specified.

Symbol Farametar Conditions Mirn Tvp Max Units

Conr | TRI-STATE Oulpul 5 75 | pF
Capacitanca (Data BuTars) |

CONTROL |Npﬁf5 [Mote: CLE M (Fin4) = e inpol of 2 Schmill tigaer dreait-and s therefore specified separatahy]

Vine (1] Legcal 1" Input Valiage Vee=525 W [ zo 15 Vi
(Except Pin 4 CLK i)

Vg 10 Lagical 0" input Valtage V=875 Vi 0B Voc
[Except Pin 4 CLE N}

I 1) Logical “1" hrput Cument V=8 Voo L0058 1 HAL
(Al Inputs)

Tieg 108 Laglcal 0" Input Current V=D Ve -1 [~0w0s WA
(Al Inputs)

CLOCKIN ANDCLOCK R -

Vet GLK IN {Fin 4) Positve Going 27 | a2t | 25 | e
Thrashald voltage

Ve CLK N {Pin 4] Nagative 1.5 18 2.1 Vo
Going: Threshold Vodlaga |

W Gl K N {Fin 4] Hysterass ne | 13 20 | Vee
W+ i=iv=) r

Vour (3| Logieal 0" GLK R Outpul I5=360 pa | 04 | Voo
Valtage Vo = TE W |

Vaur t) Lagical "1' CLK R Outpist I=-360 pA 24 W=
Valtage Vo =4 P

DATA OUTPLUTS AND INTR '

Wour () Logical "0" Output Vallage i .I
ﬂllahﬂulpul:s lapr="18 mA Veoo=4.75 Vg | 4 Ve
[NTR Cutpat loy =10 mA, W =a T8 Vi 4 Ve

Vour (1) Logical “1* Dutput Voltage ly=-360 pA, Yop=4.75 Vi 24 Yoo

Vour (11| Logical *1* Oulpul Yollage lo=—10 PA. V=475V, | 45 Vo

Tea TRI-STATE Disablec Qutput Yo =0 Yoo " | [TV
Leakage (Al Dala Bulfers) Yair =5 Vi 3 MG

Fesaties _'».r'“..-.—Ehl:usT mGrg, T,=26°0 4.5 B T8

Tk Vius Shorl 10 Ve, To=25'C a0 16 M.

POWER SUPPLY =

E: Supply Corent [Includes o =l KHZ,
Ladder Current) WaselZ2h0, T.=25'0

and TF =5v

ADCORI OO IMLENDS 11 1.8 A
ADCOBIMLCMLCWWRE 18 25 sy

Mot 4, Abanlite Masimurn Raligs indicete inits nagrmd vwhim domagy fothe devios ey oo BE &30 AL alaeneal specticsdions doooal apely &liss opssimg
the devize bevond ite spearied copsEhng oudiinns
Hos 21 All sntages are memsired silh .‘55“3._1 o €], Lmirms chorense spocibed. The segaraly o Gad poirk snoud alwanys bo wisod b he O God.

Mated: & zesar dinda adists. mtamally, foen Vige o Grd @nd 1es 3 epical braaktosn virbagne of 7 Ve

Mote & Foo pyl— Wiy (1 Hiee: dlgrel oupat oode will bae LA G000, Twe un-chip digdes-are ed o sach anisiig s s Erluck dipiim | wahcl i ol Sl condiet
S ansn inet vrisages are e drop balow graund of ©ne eaoe sroE orsser e 1he Ve 3upah Ba canaful, urnn st at e Vo el 4450 a3 Nigh
Il analeg irpuls 15) can teusd Thin irpie dinde i sondus papecialy al skatar smproaluas. and s sinors I andlos IRgs near fil-srals Tanseae
allows 51 T onesnd B ool niler dicde This meses 1hat 36 Ionp as e ariloy Yy dees ool gaosed e supply vodlage be moeesbar 50 i Lhe culpul cads w3
b errnrt Tes b ar gesaliie U Ve 106 Yae inpul viitags rangs wil hemsfors requee 8 mimimorr supply vistage of 4450 Voo over lamparsbure wrkliors,
initiad Mlemras ped bading.

Moto 5 Aeeotacy & guarantesd at fs = B0 kit Al bigher clock TeqUENCIes 3coursoy can iepice. Fof 1ower cock raguancas. the. July e Iinea s D
artiridad 50 [rng A the miniram dock high lires Inleedal of mmimom dack les e nitered 18 roises than AR s

Mota 8- Willt an azyrebaorows 515 pulse: up re B clkedh peioss mEy be requeed bafoeg the imkenel ks prages arg propar io start 1ha gonvpredn pocsis The
atar moesl 5 meareally kbohes, ses Ngues 4 ard. gection 20

am
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AC Electrical Characteristics (continuad!

Mote T; Tha CF inpal m asserred o amcet the WH srobe mput and thesston wming 12 depardent 00 “ra WH pubsn wath, An arbiramily wires pubse et will nod
the condartar ¥ 8 fagel modds ard he skart ol comiseson & inezien by B b inhigh Inesibion ol e W pualze dges sming diagremal,

Hote:§; Mono of fuse AT recuines o 2ero. adust (see-gecton £.5.1), 10 0maN Zero cios at onar ansig gl wimes s sxdion 25 ::n_u:l Flgur 7

Meibi . The W £2 pin g thed carfer pant of o Win-msishor srader connected fom Yog b groued, | s wesrslivia, OF The ADCoE01, AOCES, AOCOH0E - oo
ADZO6E, End i ihe ADCOBRL T, esh sl i bpicaly 16 KL 031 versions of e ACusi smant the AOGNRKLCH, aach ressnr is gy 2.2 k1)

Mobe 10 Humzd bady medel 180 pF dischargad thmgh a 5205 ki mesison

Typical Performance Characteristics

Logic Inpuf Threshold Yoltage
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ADCO30ADCOBBADCOBR3/ADCOE04IADCHEDS

I

P

TRI-STATE Test Circuits and Waveforms
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Timing Diagrams (21 timing = measured from the 50% voltage points) (Continued)

Qutput Enable and Reset with INTR
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Typical Applications
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ADC0301/ADCOBOZ/ADCOB03/ADCO804/ADCOB05

Typical Applications (contirued)

Absolute with a 2.500Y Reference
f‘h"?;':

b EIT e
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Typical Applications (continued)

Directly Converting a Low-Level Signal
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ADCOB0TADCOR0Z/ADCOBO3/ADCOBD4/ADCOBDS

Typical Applications (ccasnvad)

Digitizing a Gurrant Flow
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Typical Applications (continued)

Seli-Clocking in Free-Running Mode
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ADCO801/ADCOBOZ/ADCO803/ADCO804/ADCOB05

Typical Applications (coninuea)

Handling £10v Analog Inpuls
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‘ypical Applications (continued)

Handling =5V Analog Inputs
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ADC0801/ADCOB02/ADCO803/ADC0804/ADGCOBO5

Typical Applications (caoniinued)
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‘ypical Applications (continued)

3-Decade Logarithmic AID Convirter
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ADCODECY/ADCO802/ADCORDI/ADCOR04/ADCOBDS

Typical Applications continued)

Sampling an AC [nput Signal

i
i a}

Fatim

LEpD waTih
T

s e T P
Maobe 11 Vicarampla whanavar narsibe [keop fs = 2R-BE) b slimirale ivput frenuency oiding {afizeng) ard fa Sine for the Shrt reeporese of the fber
Mata 12 Tonsicer 1he ampliluida &roes which e rimdecsd wienn the passhand of Fie e,

T0% Power Savings by Clock Gating

— w
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ks e il 1
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i
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(Covedeis hutdwn ipkas — A0 saconds. )

Power Savings by A/D and Ve Shutdown
=y T a ".i':sm'

=
i CEATRLDs, - T NATA
o am

[(5-11 304
1FE 24 |
= =
DREISETEE]

Llea s R0, 02, 83 or 06 for ks o consuamipion.
Mot Lutiic [roule car be driven 10 Wi eowith A0 supply il oo wills
Faufler preveriss dete bus om cvarestang ousplt of AT whon o shetdersn mioce
Functional Description D=1, B and O+ For Ihe perfect AL, not only wil

cantar-value (A-1, A A1, . . . . ) analog inputs produce

the comoct output digital codes, bt alsn sach riser (Ihe

1O UNDERSTANIANG, AD ERRCR BRELS transitions between adjacanl aulpul cudes) will b located

A pertact AL Tansfer charactenstic (staircase wavelorm) & + 1% | BB away [rom aach cortervalue. As shown, tha risers
shown i Figure 7. The horizontal scala = analeg input are daal and have no width. Gomect digital outpul codes will
voitage and the padinular points labeled are i steps of 1 b provided for a range of analog input voltages thal extend

LS8 (18,53 mv wilt 2.5V lied to the Veee @ pin} The digial
culput codes that comespond to thess inputs are shown 28

vy (AL oM b




inctional Description (contnued)

4% LBB fiom the idesl cantersvaes, Each read (tha rangs
analog mput yoltage ihar provides the samea digial ot
ja) s therefore 1 LSE wide-

e 2 shows a worst case amoe plod for the ADGHE0T. Al
ler-valued inpuls are guarantacd o produce the comrect
put codes and the adjacent risers am nuarantesd o be
closar o the center-value paints tham £ LSB. n other
rds, |1 wi apply an analog nput equal to the contar-vaiss
4 LSH, we guamanies that the AD will produce the carmacl
iital pode, The maximumn ranyge of the positicn aof the code
n=ition is inticated by the horizontal armow and it is guar
teed o Ba no more than ¥ LSE.

i arrae curve of Figure 3:shows a worst gase smor plot for
2 ADCOAGZ, Hera we guaranize that if wa apply an anatog
aut equal e the LSEB analog voliage center-value the AD
| produce the corect digital code

Transfer Function
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Mexl [o each lransfor function i€ shown the comespondirg
grror plal Many peopls may be more femiliar with errar plols
than ransfer functiors. The analog inpul voltage la the AT
is provided by sither a finear samp or by the dscrete outpal
steps of a high resolubon DAC, Motice hat thz emar IS
continuously displayed and includes the quanfizalicn unoer-
tainty ol the A/D. For example the ermor al point 1 of Flaure 1
iz +44 LSE because fne digital code appeared M LSB in
advance of the center-value of the tread. The armor plols
abways have a constant negative siope and the abript Up-
side sleps are slways 1 L2 in magnitude.

Ermor Flct
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| ERROR
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FIGURE 1. Clarifying ihe Error Spacs of an AlD Convertar
Aceuracy=10 LSB: A Parfect A/D

Transfer Fumction
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FIGURE 2. Clarifying the Ermor Specs of an AID Conwvarter
Accuracy=%%,: L3B
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Functional Description (continued)

Transfer Function
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FIGURE 3. Clerfiying the Error Spacs of an AD Converter
Accuracy=%t% L5SB

2.0 FUNCTIONAL DESCRIPTION

he ADCDHGT seres comtains & circut equivalent of he
256N nedwork, Analog awitches &re sogusneed by succos-
siva appromation logic io match the analog diference inpul
vollage [Vigl+) = Val-) 10 & coresponding tap on the R
nedwork, The most significant bil is lested first and afler 8
comparisons (G4 clock cycles) a digial 8-bit binary code
{1111 1111 = full-scals) s ranslered to an output latch and
lher an intaeapt is asserted (TNTR makes a high-fo-ow
transition), & conversion in process can be interupted by
tssuing & second stast command. The device may be ogar-
atod in the free-uinning mode oy connecling INTE o ha WR
input with T8 =C. Ta ersurs slard-up undar al possible
conditions, an axlemal WH pulse = required durirg the first
povver-up cycio.

On the high-te-low tansiton of the WR input the Intemal
SAR latches and the shifl registar stages ane reset. As fong
asthe s irpul 2rd W npol remain low, the A0 will remsin
in 3 resel stale. Convarsion wilt start from 1 io B cleck
penods atterat least one of thase inputs makes d low-wo-high
franaition,

& functional dlagram of the AT converter is shown In Flgure
4. All of the package pinouts ane shown and the mager logic
control paths ara diawn n heavier waight ines.

The converter 15 started by having Go and W3R simulta-
neously low, This ssts the start fip-fop (F/F) and the rosutl
irg) "17 l2ved resals ha B-tul shill registar, resets the intemupx
{INTR) FiF amd mputs & 1" o the © flog, FFEI1L which is atthe
inpul gid of the 8-bit shift register. Internsd clock signals then
transfer this 17 to the O oulput of FF1. The AND gate. 51,
sombmes tis 1" sulpul with a cleck signal o provide a resst
sigral to the start F/F. If the set signal is no langer prasent
{eithar WR ar C5 is a “1") the start F/F |5 reset and the 8-bit
shift raglster than can have the "1 clocked in, which starts
tho corversion process. If the sel sigmal wers e stll be
present, his reset pulss would have no affact (bath outputs
of the slart FF wolld momentanly beat a "1 level) and the
B-bil =hill register would corfinug to be hebd in fhe resel
modo. This Togic therefore slows for wide ©F ang WR
signalz-and the zomderier will siarl alior a1 least one of these
signale returns high and e intamal clocks again provides a
ragal signal for the siart FF




unctional Description (continued)
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FIGURE 4. Biock Diagram

&r the ™17 = docked thraugh the B-bil =hift register {which
mpletes the SAR s@arch) it appears as e input to the
fype latch, LATGH 1, As soon as this *1" s ouljpul fron he
ft Fegister, the AND gate, G2, causas tha naw digital wond
transier o tha | HI-STATE output [atches, Whean LATCH 1
subsequently enabled, the O outpul makes a high-to-low
nzition which caesss he INTR F/F o sot An inverting
fier then suppias L INTR npdl signal,
e thal this SET canirol of the INTR F/F remains law for 8
the extarmal chock poriods (38 the intemszl clocks run at W
the frequency of the external Slock). W te data output is
niinuously anablad (C5 and D both hald low), tha INTR
ot will 56l signed the end of corversian (by a high-to-low
usitiun), because the SET input can conbral the O cutpu
the INTR FIF even though the RE SETinE.llE constanty
3 “1” level in this oporating mode, This INTR cutpul will
rafare slay low for the duration of the SET signal, which is
warinds of the exiemal clock fraguency (assuming the AD
1ot started during this inlereal),
an oparating in the ree-running or continuous canyersw
do {INTR pin tied 40 WR and ©5 wired low—see also
tion 2.8}, the START F/F s SET by the high-tedow tran-
it of the INTR sigrial, This resets the SHIFT REGISTER

which causcs the Input to the Dbpe lalch, LATER 1. 1o go
low. A the katch enable inpul is still present, the € autput wil
g high, which then allows the INTR FT to be RESET This
reducas the width of the rezulting TNTR autput pulsa ta anly
a favw. propagation deleys (approximeatery 300 nes).

When dala is o ba reay, e sombinabon of both T3 and RD
haing low wil cauge the INTR FF to be meset and the
| HI-5 TATE output lstches will be enabbsc (O provide 1ho S-bit
digital outpuas,

2.1 Digital Control Inputs

The digital cantrel inputs (5, RO, and WH) meel andard
TAL Ingic voltage Ievels. These signals have boan renamed
when comperad o Lhe sandad AT Stan and Quiput Enabla
izheic. In addiion, these inputs ane actve low bo sllaw an
aasy intedface to microprocessor confrol busses. For
non-microprocessor bazed apphications, the TS input (pm 1)
ran be grounded and the standand AD Stard lunclion s
abtained by @n active iow pulse applied al tha WER input (pin
3)and the Output Enable function is cadsed by an active Iow
putse at the RD input (pin 2.
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Functional Description (continued;

2.2 Analog Differential Voltage Inputs and
Common-Mode Rejection

This A0 has additonal applications Aexddlity due 1o the
analzg differgntal voltage input. Tho V. (=)inpat (pin 7 can
ta used o sulematically subtract a fixed vollage value from
the input reading (lare correckion). This moafeo oeslul n 4
mi-20 mA cument loop  conwersion.  Ino addibon,
comman-made noise can be redeced by use of the differen-
tial irpul.

The tima interval botwazn sampling W+ ard W= 15 414
clock penods, The magimum eror vollage due o is slght
fime difference bebwear the inpul veltage samples is given

oy

4.5
AVIMAXY = (Vi) (2l [;5:; )

whers:

AV, Ia the eror volage dus to sempling dalay

Ve is the paak valua of the common-mods yoltage

i. 15 tha common-moda frequency
Az an example, to keep this emor o ¥4 LSB (-5 m\) whan
operafing wilh 2 G0 HZ common-mode frequency, 1., @nd
using a a0 kHz A0 clock, T2, would aliow & peak valus of
tha corernon-mode wollane, V. which is given by

g AV aiax lioikdl
(2 14.5)

_ 15 1073 {840 109)
e (6.28) {60) (4.5)

whicdy givas

WMe= 120
The altowerd range of analog inpul voltages usuaily places
mare Sewets rastrictiors on input commrn-mnoe NS Y-
s,

An analog nput voliage with a2 reducad spanand a nelatively
targe rern offsal can be handked easiiy by making use of the
thiftezenlizl input (see saction 24 Referenoe Vallage),

2.3 Analog Inputs
2.3 1 Inpt Current

Mormal Mode

Owic 3a the intemal sestching aclion, dsplacemant cuments
will flow at the anakeyg Inpuls. This [ dug o on-chip stray
mapacilarcs o ground ag shown in Figore 5.

frpg oF B 1 apd B0 P = G kDL
Ty Ceppes = Bkl 1 pi =4llns

FIGURE 5. Analog Input impedance

The voltzge an this capacitance s switchod-and will resultin
currenls ertering the Vgl+) input pireand leaving the V-]
inprut wihich will depand on the anagiog diferanbiat orpul voit-
age levels These currenl Banslents ocour @1 e keading
adge of the intemal clorks. They rapidly decay and do hot
causs grars as the on-chep comparalos s shrodea at the end
of The clock panod

Fault Mode

0 the voltage rourne appled o tha Wi+ or V(-1 pm
exceeds the allowes operating range of YV--+50 my, large
inpaut currents: can flow through &8 parmaitic dicds fo ha V.,
pin. IT these muments can esceed he 1 ma max ailowed
spen, an sxlermal divds (1N914) siEould b added to bypass
s curranl 1o the Vo pin (with - the cument bypassed with
this dinde; the voltage &t the Vi (+) pin can excead ha Ve
vottage by the forward voltapo of this dicdc ).

2.3.2 input Bypass Capaciiors

Bypass cepacitors &t fha inputs will avorage hese chargos
and rause a D currant o flow through the output resis-
Ences of the Bredog signal sources, This charge pumang
action iz worse for continuous canversions with the W04}
input wodtege &l fullk-scata. For conlinuows conversions with a
Bl wHz clock frequency with the Vil +) input 2t 5Y, this DC
clrrant is at @ maximm of acgroxmaiely & pA Tharslore,
bypss capacitnrs showld not be used at he analog npuls o
the U /2 pin for high mesistancs sourses (™ 1 KO I inpad
rypass CEpAcilors ars Necessary for nalse fiennyg @ high
SCUrCo resisiance s desirable lo mivimizs capachon 5248 thie
defrimenlal sffects ol tha woltage drop ecress this input
resistance. which |s due o the average value of the inpul
aurrant, can be elfminated with a full-eeals aciusimen) whiks
the given squrne resisir ang opul Dypass capaciter are
both i place. This s possible because the avarage velue of
th INPUT CUrment iS58 precise finear lusction of tha difforendial
input voltage,

2.3.3 Input Source Raesistance

Larpe values of aource resistence where an npul Dyiass
capacitar = nat used, vl aof cause errors 35 the input
curments sallle ol pior ol compansan ime, [Ta low pass
filer is requiied m the eyslem, use & low valued senat
resislor (= 1 ki) for 8 passive RG sechion ar add an op anp
RO gotive low pass fitker For low sourcs resistanoe applica-
liemis, (=01 KE2), a 0.1 pF bypess capacior a1 Ihe inputs ikl
prevent noise piokup due to seres lead nductance of a long

W T




‘unctional Description (continuca)

rie. A 1LY senes resisior can be used o isolate this
ipacitor—Both the R and C are placed outside the feed-
ik lnop —from the output of anonp ame i osed

3.4 Noisa
12 heads oohe analpg inputs (pins 6 and 7) should be kept
i short as possble to minimize input noise coupling, Bath
s and undesired digital clock coupling lo thess inpuls
N CRUSS systam anors. [he sodrca resistance for these
puts should, in general, be kept below 5 kL. Larger values
sourse resislance can cavse undesired gystem noige
ckup, Input bypass capacitors, placed from e analog
puts 1o ground, will sliminale syslem noige pickup but can
pate analng scale emors as these capacitors will everage
& transient input switching curenta of tha A/D (sea section
1.1, This scale ermre depands on both a lage source
mislance and the use of an input bypass capacitor, This
Tor can be eliminated by daoing:a lull-scale adjustmeant of
18 AD {adjust Vg2 lor a propar full-scale reading —see
zetion 252 on Full-Scale Adjustment) with the saurce ne-
stance and input ypass capadiior in place.

4 Refarence Voltage

A1 Span Adjust

or maximum applicatans lexibily, thasa ADs hava been
eigreed lo acoommodate 8 9 Vi, 2.5 Yy or an adjusted
sllage referance. This has been achieved in the design of
1o 1G-as shown in Figure 8,

Mg WREF!
o

g j
LU BIEITAL

L CIRERITE
.
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i e A
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=
m

THRE |18
sl

QST 11

FIGURE &. The VREFEWEN,;E DE'E'-FE“ on the IC

Matien that the reference voltage for the 1C i aithar 15 of the
vidtage applied 10 the Ve supply pin, or is equal o the
wollage that = exiarmaly feead al the Y, 2 pin. This allows
for a rabometnc vaftage referance usmng the V... supgly, a 5
Yo reference vollage can be used lor the Vo supply or &
voltzge iess than 2.5 V- can be applied tothe Ve 2 mpat
for increased application fiexibility. Tha internal gain o the
Veee'2 input is 2, making the full-scale diffenantial input
voltage twice the voltage at pin 9.

An example of the use of an adjusted ralarence vollage s 1o
accommpdata a reduccd span - or dynamic voltage range
of the analog input volkage. if the analog input voliage wese
to range from D.5 Voo o 3.5 Ve, Instead of O o 5 Ve, the
spEn would be 3 &g shown in Fgurs 2 Wilth 0.8 V.
appiled o tho V=1 pin 1o absort the offset, the reference
voltage can be made equal to % of the 3V spanor 1.5 V..
The AT now will Bncode e Vol +) signal from 0.8 o 55 W
with the 0.5V inpul corresponding lo zesc and the 3.5 Voo
input comespording o full-aeale. The full & bils of resolution
are therefore appliod over Bos redused @nakoy npul vollage
fArIgE.

2.4.2 Reference Accuracy Requirements

The converter can ba oparaled in a rabomelne mods o an
absolute mode. n ratiometnc converter applications, the
magnitude of the reference voltage is a laclor in balh [he
output of e source ransducer and the output of the AT
corvener and therefore cancels outin e fingl digital owtput
rode, The ADCDR0S is specified particalarly for use: in ralbio-
medric appdicatons wit mo adjustments roguired. In absoluts
corwersion applications, both the initizl valuc and the fem-
perature stability of the reference voltage are impartan! fa-
torg in the accuracy ot the AT convarler. For Vigee2 woll-
agas of 2.4V, rominal value, nitial arors of £ 10 ms- will
causo conversion emors.of 21 LSE due to the gain of 2 of the
Yaee2 input, In reduced span applications, the mtial wakoa
and the stability of tha W2 input voltago became even
mare irpartant, For example, if the span is reduced to 2.5V,
the analog input LEB voltage value is cormaspondingly me-
duced fram 20 my [8Y span) o 10 my and 1 LSB al the
Vieel2 Inpul bocomes 5l As ¢an be-seen, this reduces
fhe allowed inifial tmlerance of he refererce vollaga and
requires comespondingly less absolule change with fom-
perature vanations. Mota that spans smaller than 2.5V place
ever Lighter reguirements on the inilial accuracy and stabitity
of tha referance soaurce,

In gensral, the magniude of he reference vollage will me-
quira an inibal adjustment. Ermors due to.an improper vais
of reforenes voltage dppear as full-scalz arrars in the AD
fransfer function. 1 wollage requlators may be usad for
referancas il the amblent temperature changes are not ex-
cossive. The LM3IGE 2.8V IC reference dinde (from MNe-
fional Semicenducior) has o wmpealue slatadily of 1.8 my
typ (B mV max) over O CET2+70°C. Other temperatira
fange parts ane also availablke.
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Functional Description (continued)
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FIGURE 7. Adapting the A/D Analog Input Vollages to Match an Arbitrary Input Signal Range

2.5 Ermors and Reference Yoltage Adjusiments

2.5.1 Faro Error

The rer of Iha AT doos not require adjstmant If the
minirnum sy input veltage valug, V) 2 nol ground
& zare offget can be done. The eonvarter can be made to
output 0000 300 digital coede for this minimum input vollags
by biasing the AD V(=) input at this Yy, velue (e
Applications saction). This ulilizes the differantal mode op-
aralaon of the AD,

Thee zero error of the &0 converler relates to the localion of
the first risar of tha transfor function and can ba maasared by
geounding the Wy (—) inpul and applying @ small ragnituda
positive volfage to the Wy, (+}hnoul Zero emor is the dilfar-
ence between the actual DG input voltage hat & nocessary
ta just cawse an culpul digital code transition from 0000 DOOG
3 D000 0001 and the idesd ¥ LSB valua (34 L58 = 8.8 my
for Vaep/d=2.500 Vo bk

2.5.2 Fuli-Scale

The full-scala adjustment can be made by applying a differ-
ential input voltage that s 10 LSB lass than the desimd
analog full-scale voltage rango and then adjusting tha mag-
nifude of the V=2 nput {pin 9 or tha V. supoly if pin Sis
mol ugad) for 8 digital cutput code that is just changimg from
1111 110 4 111 1111,

2.5.3 Adjusting for an Arbitrary Analog lnput Voitage
Range

If the analog zern wallaga of the AD is shifted away from
ground (for exampka, to accommodate an analog input signal
that doas nal go o grownd) this new oo reference should
be properly adjusted firsl & V. {+) volisge thal equais ihs
desirod Tero reference plus V4 LSE (whers the LSB Is cal-
culated for the desired analog span, 1 LSB=analog span’

256) Is applied to pin § and the zere mlersncy voltage at pn
7 should then be adjusted to Jusl ebiain the Oy to D)
code bransition.

The tullscale adpstment shoukd then be mada (with he
proper Wl | voliage applied) by foreing a voltage to ithe
Wl b} impiak which iz given by

" (Viax ‘"'wmil
Wy |1 s ad] = Vigax 1.5[ SEE
wisara

Wa = Tha High end of the analog input rEnce
A

W =the low end (lhe oflsul corop of the analog range.
[Both &@re ground refersnced, )
The Ve o2 for Vi) voltage is then adjuslad io provide a
godte change from FE.gy I8 FEueye This compietes tha
adjustment procedurs,

2.6 Clocking Option

The clock for the A/D can be derived Irom the TPU clock of
an oxlemalb RO nen be adted o provide sefi-clocking. The
CLK 1M (pin 4} makos usc of a Schmitt tigger as shown in
Figure 8,

o natomglienm

"




inctional Description (cantinusd)
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FIGURE &, Self-Clocking the AD

avy capacitive ar DC laading of the clock B pin-shouid be
siced as this will disturh momal converter operation.
ads leas than 50 pF such &s driving up lo 7 AD converlor
ik inpeits rome A sinole clock B pin of 1 converter, are
awexd . P Targier chock line [oading, 8 CMOS or low power
L buffer or PN input logic shauld be used to minimize the
iding on the clock R pin (do oot sse a standard TTL
frer),

! Restart During a Conversion

he AD is restarted (5 and WR go low and mtum high)
ring A& conversinn, 1he converlar is reset and a now con-
Wi s skated, §ho outpul data lateh is not updated i the
Teeraion in process is not alowesd o be complaled. thero-
3 the data of the previous converslon remains in this latzh,
= NTAR culpul zimely remains ol the "1 level,

Continuaus Canversions

aperation in the Fee-running mode an irilalidng pulsc
ikl be user, feflowing powsr-up. Lo ensure circuit opera-
I, r this application, e o5 Input 1 grounded and the WH
ot is Hed 1o the TRTR output. This WH and INTR nods
wid be momentanly forced fo kBgic. fw oliowing 3
ver-up oyole to gusranies operatiorn.

Driving the Data Bus
s MOS8 AD, like MOS migroprocessors and memonios,
raquire A hus driver whan e total capacitanca of the
a bus gels kygw, Other circuitry, which is-tied to the data
. will add to tho tolal capactive laading, aven in
[-5TATE (high impedsnce mode), Backplans  bussing
a greatly adds fo the stray capacitance of the data bus.
are arg somc alomaives available to the desigrer 1o
idbe this problem. Basically, the capacitive foading of the
a bus slows down the response time, even though O
Cifications ara still mat. For systoms operating with 3
Hively slow CPU clock requency, mare lime is avenlable
which jo cstablish proper logic levels an the bus and
wfore higher capacitive [oads can be dnven (see ymecal
racterstics cumves).
igher CPU cleck frequencies time can be extended for
reads {Rndior wriles) by insariing wait states (8G80) or
g chook elenading circuils (G800),
[y il L i short @and capacitie ioading is high, extemal
drivers most be used. These can be TRI-STATE buffers

(low power Schottky such as the DM7ALS240 senes is rec-
ommanded) or specal higher dnve current productz which
arg designed-as bus divers. High current bipatar bus drivers
with PP inputs sre recommendsad,

210 Powear Supplies

Moise spikes on the V. supply line oan casse conversion
errors as the comparator will respond to thiz naisa. & low
Inductance @rtalum filter capachor should be used close (o
the. converier V.. pin and values of 1 pF or greater-ae
recaormmendad, [T an unragulated voltage 15 avadabla in the
systermn, a soparale LM340LAZ-5 0, TOS2, 3V voltage regu-
later for the convartes (and other analog crouitny) will greatly
recuce digital notse an the V.- supphy.

2,17 Wiring and Hook-Up Precautions

Standard digltal wire wrap sockets are not satsfaciony for
breadboarding this A'D converter. Sockets on P bosrds
can ba ussd and all kogic signal wires and - leads should be
grouped and kept 55 far sway a5 passibia from the analog
zignal lerds: Exposad wads o the analog inputs can cadse
wndesires digial mosse and hun-pickap, therefore shietided
leads may be necessarny in many applications.

A single poinl ansiog ground that iz saparate frorm the ogic
ground points showld be used, The power supply bypass
copacitor and the salf-clocking capacitor {if uzed) shauld
bein e returmed o digital ground. Any Veeed Dypass ca-
pacitors, analag Inpul fitter capacitors, or 'nput signal shield-
ing shiould be returned to thaanalng ground poant. A best for
proper grourding 5 (o maasure 1he ears arror ol e A0
gonvartar. Zaro arrors o Bxcess of ¥ LSR can usualy be
tracad 1o improper board layout and winng {see sechion 2.5.7
for measuring the zem armar},

3.0 TESTING THE A'D CONMVERTER

There are many degrees of complexity associalod with test-
ing an A/D converter. One of he simplest tests isto appy a
known aniakog irpul vidlage 1o e converter ard use LEDS fo
display the resulting digital culput code as shown in Figure O
For case of tesdng. tha W, /2 {pin 9} ehould b supplicd
with 2,560 V. and & Ve supply voltage of 3,12 Ve should
be usad. This provides an LSB value of 20 mY.

Il a full-seale adjustment is to he made, an anaiog input
voliage of 5.090 V.o (S.124—1% LB} should ba applied to
the W+ pin with the Vg ) pin grounded. The value of the
W2 Inout valtage should then be adjusied until the digital
putp code I8 just changing from 31717 1990 2 1711 11
This value of V.,./2 should then be used for all tha tests.
[ha digital Gufput LED display can be decaded by dividing
thie & Dits into 2 hex characlers, e 4 most significant (M3
and the 4 lesst significant (L&), Tahle 1 shows the frachons’
binary eguivatant of these two 4-bit groups. By-adding the
willages obtained from the “WAME" and “YLE" columing in
Tabia 1, the nominal valve of the digtal cispley (when
Ve /2 = 2.660V) can be cetermined, Far esamiple, for an
outpul LED disptay of 1011 8110 or BE (in haxd), the voltage
valuse from the table are 3520 + 0120 or 36840 V- These
wvoitage values represenl (he center-valuss of a8 perfect &0
ceoverlar, The efferts of quarization ermor have 0 bo 3c-
counted for in the infarpralalion af o lest resulis,

e il i
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ADC0801/ADCD802/ADCDB03/ADCUBU4/ADCOBOS

Functional Description (continued)

FIGURE 9. Basic A/D Tester

For a higher speed test system, or to oblain plotted data, a
digital-io-analog converter is nesded for tha test selup. An
avcurale T0-bil DAC can serve as the precision voaga
source for the A/ Crors of the AD under tesi can be
expreszed Az either analng eottages or differences in 2
digital worls,

& basic AD testar thal uses 8 DAC and provides the emor as
anh analog outpt voltage i shown i Figure 8. The 2 op
amps can be eliminated i a lab DYM with a numencel
subtraction feasture is availablz to resd the difference voll-
age, "A-C", directhy. The analog input voltage can be sup-
plied by & low frequency ramg generator and an K=Y Hotter
tan bo vsod o provide analog armor (Y axis) versus analog
INput X axis ).

For operalion wilh a microprocassoer or 8 somputer-based
lest sysient, it is more convenricnt o present the smors
digitalfy. This can be done wilh the drcuit of Figure 71, whare
the output code transitions can ba detocted as the 10:bd
DAC s incromenlad, This provides ¥ LSE steps for the 8-bit
MO undar test If the esuls of his tasl a@re gulomatically
plotted with the analeg nput o the X axis and the emor (in
LEH's) as the ¥ axis, 2 wsefd transfer function af the AT
under fest results. For soceptance lesting, tha plol ks not
necessary and the testing spead can be increased by estab-
ligdnig internal Hmits. on fhe allowed emer for sach code.

4.0 MICROPROCESSOR INTERFACING

To dicuss e Wlerface with 30804 and GEH microproces-
&0PS, & comman sEmoie subrytine structure s usad. The
microprocessor stars the A/D, reads and storgs the results
of 16 succossive conversions, then retums to the user's
program. The 16 data bwies are stored in 16 successive
memory locations. All Dala and Addresses will be Qiven in
hexzdecimal farm. Sefiwara and hardware details are pro-
vidad separately for cach type of microprocessor,

4.1 Interfacing BOB0 Microprocessor Derivatives (3048,
80B5)

This corverter has boen designed to dirsctly intarfaca with
derivatives of the BOBD microprocessor. (ha &0 can be
mapped inte marmory space [using standard memory sd-
drace docoding for ©F and the MEMR and MERWY strobws)
ar it can be controlled as an VO device by using Ihe 10 R
and [0 W strobes end decoding the address bits AD —+ AT
(or address bits AH — 815 az ey will contain the same S-bit
adoress infarmation) 1o obtain the €S inpul. Using the 11D
space provides 256 additional addressas and may allow a
simpler B-bit address decuder Lul the data can only be input
o ke accumulator. To make wse of the addiional memorn
reference: instnuciions, the AD shouwld ba mapped into
memory space. An exarmpla of an AD 0 WO space is shown
in Figure 12

pany =rimnal oo




inctional Description icontinuad)

BEIT
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FIGURE 11. Basic “Digital” A/D Tester

Vaua I
LBG ADUNGER | CIGITAL
TESY QUTT

FEETRE Y -

TABLE 1. DECODING THE DIGITAL OUTPUT LEDs

OUTPUT VOLTAGE
FRACGTIONAL BINARY VALUE FOR CENTER VALUES
BINARY WITH
Viagp/2=2.560 Vo
MS GROUP LS GROUP Ms VLS
GROUP GROUP
(Not= 1) | (Nals 15)

T 1 1 1 15116 150266 4.800 0,300
T 718 7128 4.480 0280
1 1 0 1 13/16 130258 4.160 0,260
11 0 0 34 3064 2840 0,240
1. a 1 1 11116 114258 3,520 0,220
10 1 518 5128 4200 0,200
1 0 0 1 ar16 /256 2,580 0.180
1 0 0 o 12 132 2560 0,160
¢ 1 1 1 75 7256 2.240 0140
gt 1 0 408 3128 1.920 0,120
0 1 & 1 516 21256 1600 0,100
0 1 0 D 14 114 1,280 0. 138
0 e 1 1 ERD 4256 00,960 0,060
6 0 1 D 118 1428 .64 0.040
6 o0 © 1 1118 11256 0320 D.n2e
6 o © D 0 0

14 Dispbey Cutpul= VRS Srodp + YLS Sroup

wrevia mrin sl oo
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ADCDB01/ADCIBIZ/ARCOEDIIADLCIE04/ADCOBDS

Functional Description (Continued)
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FIGURE 12. ADCOB01_INSBOS0A CPU Interface

Wl TR ST

24




inctional Description {continued)

SAMFLE PROGRAM FOR Figure 12 ADCOE01-IN33080A CPU INTERFACE

0038 CI00 03 RET 7: JNP LD DATA
L] - 1]
- - L]
oLDO ZL o0 D2 START : LEI HOZ00H ;HL poirwill podot to
i dotn Storage locations
QLGS L0004 RETUEN: LXT 5P 040CH ;Initialize stack polnter (Nots 1)
0106 K MOVA,L :Test # of bytes sotared
oroT FEOF CFIOFR ;Ifg=15. J¥P to
orae CALIOL JZ CONT P USET progran
DLOE b3 ER OUTEOH s Btart ASD
D10k FA EI ; Enabla interrupt
oLorF oo LogF = HOF iLloopuntll endof
0110 cCiorol JHF LOOF ; senveralon
OlL3 - CONT :
L] - *
. - {User program to
- process data)
- -
L]
03040 DE EQ LODATA: INEQH load data ioto Bccumilator
0302 T MOVM, A s Stors data
0303 23 INXH ; Incrament Storags poioter
0304 C3Dp30L JMF RETURE

e Al The steck pairder mivel ba drenaoned tecaysa 2 RET 7 matuchor pushes the PCardo B sheck,

189 All ardrmss cxad warm arhitmrdy chiozet

= standard contrel bus signals of the 8080 5, RD and
1} can be directly wired to the digital control inputs of the
1and the bus iming requiraments are met 10 allow both
iting the convarter and oulpalling the data onto the data
. A bus dnver should be used for lBger Micopracessor
iems where the date bus leaves the PC board andlor
3t drive cRpadtive Inads largar than 100 pF.

A Sample B080A CPU Intarfacing Circuitry and
gram

¢ following sample program and assodaled hardware
wm in Figurs 12 may be used to input data from the
warer 1o the INSE0808 GPL chip set (compilsed of the
iB080A microprocessar, the INSBZZE system controller
| the INSRZ24 clock ganerator). For simplicity, the AD is
itrabed a5 an 10 device, specifically an B-bit bi-dinactonal
I locatad al an arbitarily chosen port address, EO0. The
I-STATE output capability of tha A/0 sllminates the need
a penpharal intarface devies, howover address decoding
Hilk required 1o gencrate the appropriate TS for the con-
L

CERaG | -an

ILi5 important to note that in systeme whers the AID eon-
verter is 108 o kss MO mapped devices. no address
decoding circuilry s necsssary, Each of the 8 address bits
(Al io AT) can be directly used as T8 inputs—ane for sach
IO device.

4,1.2 NS3045 Intarface

The INSBO4E Inerface technigue with (he ADCDBM swios
{sec Figure 13) s simpler than the BOB0OA CPU interface,
There are 24 i0 linas and three test input Imes in the 8048,
With thesa extra /0 ines available, one of the 'O finas {bit
0 af port 1) iz usad as the chip sefect signal o the AT, thus
sliminating the wse of an gaemal address decoder. Bus
contral signals BD, WR and INT of the 8048 ars tiad directly
to the A/D. The 16 convered dala words are stored at
onechip RAM locations from 20 to 2F {Hex), The RD and WR
signals mre generated by reading from anc wiiting inte a
dumimy address, respectvely, A sample interface program S
shown bolow.

wveal NELERS.L 00m
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ADCO801/ADCO80L/ADCORD3/ADCO804/ADCOBOS

Functional Description (continuec)
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FIGURE 13. INSB048 Interface

SAMPLE PROGRAM FOR Figure 13 INSBO4B INTERFACE

04 10 JuF 10H :Program staris at addr 1O
OHEF 3
04 50 JHF S(H ; Intarrupt jump vector
oRG 1oH ; Wnin program
95 FE ARL PL. #0FEH ;Chipsalegt
Bl MOV A, @Rl :Fead inthe lst data
iioreset the inmtr
#8901 START : ORL FlL, #1 :Sst port pinhigh
k& 20 MoV RO, ¥20H ;Date address
B9 FF MOV Rl, #0FFH : Dummry addrats
R4 10 MOV B2, #10H : Counter for 16 byLes
23 FF AGATN : MOV A, #0FFH : Sat ACC for Latr laap
99 FE ANL Fl, #0FEHR 1 Send C5 (bit O er FL}
91 MOVE ER1, A ; Send WE aut
ns EN | ; Enable 1nterrupt
96 21 LDGP ; JHL LooP i Wait for loterrupt
EL1E DINT Rz, AGAIN ;If 16 bytles are read
of HOT ;g0 touser's program
L] HOF
ORG S0H
Bl INDATA: EOVE A, @RL ; Input data, CSstill low
AD NOV @ro, A i Store in memory
18 INC RO ; Inerénent SLOTEED counter
g2 0L ORL PL, 41 Reset 05 =ignal
a7 CLR A ; Clear ACC to get out of
93 RETE ;the interrupt Loop
DE0BSET iAD
4.2 Interfacing the Z-80
The Z-80 caontrol bus s shghtly different from that of the L=
A0A0. General RO and WH strobes are provided and sapa-
rale momdy reguest, MREQ, and 10 request, 10RQ, sig- o
mals ara used which have to be combined with the general-
ized strobes to provids the equivalent BOBO signals. An
advantage of operaling the AD in 10 space with the Z80 iz DEtnET
that the CPU will automatically insar ona wait state (the RD FIGURE 14. Mapping the A/D a& an VO Device
and WR sirobes are exanded one clock period) to aflow for Use with the 2-80 CPU
mare time for the (10 dovices to respond. Logic o map the
AT In 110 space Is shown in Figure 74. Additional D adventages axist as software DA routines
are available and use can be made of the outpul data
transfer which oxisiz on the upper B address lines (A8 0
whww_nafional com e




unctional Description (continued)

5} during 0 inpul instructions. For example. MUK chan-
salaction for the A/D can be accomplishad with this
Frating moda.

Interfacing 6200 Microprocessor Darivatives
D2, ete.)
a control bus for the BBO0 microprocessor derivatives
s not use the RD and WR strobe signals. Instead it
pioys a single R line and additional timing, if needed,
1 e derived fom the §2 clock, Al 1D devices are memory
pped n the 6200 system, and a special signal, VA,
icales that the cument acddrass s valid. Figura 15 shows
intarface schemaltic whare the AMD |s memory mapped in
t BBOD systern. For simplicity, the TS decoding is shown
ng ¥z DME0SI. MNote that in many GED0 systems, an
sady decoded 4/5 line is brought oul to the common bus
pin 21. This can be tied directly to the TS pin of the A0,
widad that no cther devices are addessed at HX ADDR:
X ar BN
& foltowing subroutine performs essentially the same func-
n as in tha case of the BOEOA interface and it can ba callad
m anywhara in the Usar's program.
Figure 16 the ADCO801 series is intesfaced to the MBBOD
craprogessar through (the arbiiranly chosan) Part B of the
JBE20 ar MCEEZ1 Perdpheral Interface Adaplor, (PlA).
e the GS pin of the A/D s groundad since the PI& s

aleady memory mapped in the MEB00 system and no G5
decoding is necessary. Also nobice that the AVD outpul data
lnes are connected to the microprocessor bus under pro-
gram control through the PIA and therefors the A/D RD pin
can bo grounded.

A sample interface program equivalent to the previous one is
shown below Figurz 76, The PIA Data and Control Registers
of Porl B are lcated at HEX addresses 8006 and 8007,
respactively.

5.0 GEMERAL APPLICATIONS

The following applications show some nteresting uses for
the A/D. The fact that one parficular MICOprocessor is used
iz not meart to be resirictive. Each of these application
clrouits would have its counterpat using any microprocessor
theat is desired,

5.1 Muitiple ADCOB0 Series to MCBEN0 CPU Interface

Te ransfcr anabog data from several channels lo a single
microorocessar system, a multiple converter scheme pre-
sants saveral advantages over the conventional multiplexer
single-converter approach. Wiih the ADCOS01 aeriea, the
diffierential inputs allow indbvidual span adjustment for each
channal. Furthermare, all arabog Input channels are sensed
simuttaneously, which essentially divides the microproces-
sor's tolal systemn servicing Ume by the number of channels,
sinica-all convarsions occur simultaneously. This scheme is
shown i Figure 17,
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ADC0801/ADCOB02/ADCO803/ADCD804/ADCO805

OoLD
0oLz
001G
) R
OOLE
00LC
ooLb
O0OLF

0024
o027
0028
OD24
oozc
O0DZE
Q051
033

oD3s
0038
Q038
GO5D
005F

Functional Description (continued)

SAMPLE PROGRAM FOR Figure 15 ADCO801-MCG800 CPU INTERFACE

DF 38 DATAIN 51X TEMP2 ; Save conteats of X

CE 0D 20 LDE #3002C i Upono TRQ low CFU

FF FFF8 5TX $FFF3 ; Jumps to 0020

BT B0 00 STAA §5000 : Start ADCOSOL

(1] CLI

3E CONVRT WAI iWalt for Interrupt

DE 34 LDX TEMFL

ac o2 oF CFX #3020F : 15 final data stoared?

27 14 BEQ ENDF

B7 50 00 STAMA $5000 :Restarts ADCOAOL

[al:] INE

DF 34 STX TENF1

20 FD HRA CONVRT

DE 34 INTRPT LDX TENFPL

B& S0 00 LOAA $5000 : Read data

AT 0D STAR X jStorsitatX

3B RTI

02 00 TEMFL FDE 50200 :Starting addreas for
;data storags

fafe Fuli} TEMPZ FDE $0000

CEQ200 ENDF LDE #0200 :Foloitialize TEMPL

DF 34 aIx TEMF1

DE 36 LDX TENF2

38 RIS :Return from Ssubrogtine
;TouSer's program

CEn06aT-A1

Moba 72 In ordar for fHin micmosrmcessor (0 service subrootines and inberrepls, e slack poirlss mus B cimersoned i DE ussrs program

1B= Ch
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LY i cLea il
ik pea LN MR
A CLE I o8l 2 ”: a1
Lol TR s 06z :: EI- ez
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FIGURE 16. ADCO3D1-MCBE20 PLA Interface
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unctional Description (coentinuad)

SAMPLE PROGRAM FOR Figure 76 ADCOE01-MCEE20 PLA INTERFACE

Do1o0 CE OO0 38 DATAIN LDE
DoLS FF FF FB ETX
ooLe Ba 50 08 LDAA
ools ir CLEA
00L1A BT 80 07 STAA
0oLD ET 80 06 STAA
D020 DE CLI
po21 CE 34 LDAB
BO23 B& 3D LDAA
Do2s FT B0 07 CONVRT STAB
DoZHE BT BOOT 5TAA
DO2E 3B WAT
po2c DE 40 LDX
DO2ZE BC 02 OF CPR
0031 27 OF BEQ
0033 (] INK
D034 bR 40 5TX
0036 20 BD BRA
0038 DE 40 INTRFT LDE
D034 B& BO 06 LDAA
D030 AT DO 5TAA
DOEF 3B RTI
DO4A0 D2 oo TEMF1 FDR
po4s CE 02 00 EHDF LDE
DO4s DF 40 STX
Do47 30 RIS
PIAQRS EQU
PIACRE EQU

e following schermatic and sampla subrouting (DATA IM)
iy be vsed o interface (up to) 8 ADCOB01's directly 1o the
36800 CPU. This scheme can easily be extended to allow
¢ interface of more converters. In this configuration the
averlsrs are (arbitranly) lacated at HEX address 5000 in
» MCEE00 memory space. Ta save companeants, the clock
nal is derived from just one RC pair on the first canvertar.
i autput drives Ihe other A0S,

the converters are started simuttaneousty with a STORE
ruction at HEX address S004. Mote that any other HEX
dress of the form SXXX will be decodad by the circuit
ling all the TS mpuls low. This can easily be avoided by
Ing a mora definitive address decoding scheme. All the
amrupts arg OFed together to insure thal af ADs have
mipleled their conversion before the microprocossor is
armuptesd.

a subroutine, DATA IN, may be called fram anywhare in
+ user's program, Once called, this mutline |nitalizes the

#350038 : Upon IRQ Low CFU
$FFFB ; jumps to 0038
PIAODRE ;Clesr psssible THQ flags
PIACRE
FIADRB ;Set Fort B as loput
#§34
#§3D
FIACRE s Starts ADCOR0L
FIACRE
;Wait for Loterrupt
TENFP1
#3020F 115 final data stored¥?
ENDF
TEMF1
CONVRT
TENF1
FIADRE ; Read data in
- 4 ;Btore Lt at X
$0200 i Starting address for
jdata sterage
AFO200 ;Reinitialize TEMPL
TEWF1
; Return from subroutineg
§8006 i Touser's program
8007

CeaCDGET A2

CPU, starts all the. converters sirmdtaneously and waits far
Ihe interrupt signal. Upon recaiving the intarrupt, it reads the
converters (from HEX addresses SO0 through S007) and
stores the data successively et (arbitrarly chosen) HEX
adgresses 0200 to 0207, bafore raluming to the user's pro=
gram. All GPU registers then recover the orginal data they
had before servicing DATA IM.

5.2 Auto-Zereed Differantial Transducer Ampifiar

and AJD Convarter

The differential inputs of the ADCOS07 seres sliminata the
need to perorm a differeniial Io single ended conversion for
a diffarential transducer. Thus, one op amp can be &imi-
nated since the differential to single ended conversion is
provided by the differential input of the ADCOB) saries. in
general, a transducar preamp |s required (o ke advaniage
of the full AD converter input dynamic ranga.

S0B0DAV/F0800aV/E0R00aV/Z08000Y/10803AY
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ADCO0B01/ADCOB02/ADC0B03/ADC0B04/ADCDBDS

Functional Description (continued)
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FIGURE 17. Imterfacing Multiple &/Ds in an MOS80 System
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unctional Description (continued)

SAMPLE PROGRAM FOR Figure 17 INTERFACING MULTIPLE A/D's IN AN MCE300 SYSTEM

ADDRESS HEX CODE MMEMOMICS COMMENTS

0aLa DF 44 DATAIR 51X TENT ; Sava Contents of X

ogLe CEDO 24 LbX #J0024 ; Upon TR LOW CFU

noLs FFFFFR STX §¥FFE : Jumps to DO2A

OOLA BT 50 00 5IAA $5000 :Startzall AfD's

OOLE 1] CLI

LoLe 3E WAL iWalt For interrupt
GoLD CE 50 B0 LDX #35000

o020 DF a0 5TX INDEXL ; BEeset both INDEX

Lrinkd CEQZ DO LDX #§0200 ;lend 2 to atarting
o025 DF 42 ETX INDEX2 ;addressas

0027 DE 44 LDX TENF

o029 =8 BTS ;Retorn from 3ubrout ine
OD2A DE 40 INTRPT LIE INDERL : ITRDEX]1 =+ X

0020 A 0D LDAA X ;Read dataintromAfDat £
OO2E o8 INK ; Increment X by one

[alel=1 4 DF 40 STX INDEXL :¥ — INDEX1

0031 DE42 LDE INDEEE {INDEXZ —+ X

LIS B 14

SAMPLE PROGRAM FOR Fgure 17 INTERFACING MULTIPLE AMD's IN AN MCE300 SYSTEM

ADDHESS HEX CODE MNEMODMICS COMMENTS

o33 AT QD STAL X ;Store dataat X

[a[ak11 ac 0207 CFX #30207 :Have all A/D'a been reand ¥
0038 2703 HEQ RETUEN : Yes: brench to RETURH
QO34 4] INE :Ho:inecrement X by one
O03B p® a4z 51X INDEX2 :X —» INDEXZ2

QO30 ZO EE ERA INTEFT : Eraneh to MOZA

OO3F 38 RETURN RII

[a[a -1y 50 00 INDEX1 FLE £5000 :Starting address far 4D
nodz 0200 INDEXZ FLB S0200 :Starting address for data stoTags
Ve T o0 O TEMP FLB $0000

DT 104

e 25¢ In oidar for INe micropeosessor 1o sarvics subroutines and irterrupls, the Stack pointer must be dmnensioned 0 e Used s program.

r amplification of DC inpul signals, a major system omor is
3 input offsal valtage of the amplifiors used for the preamp.
sure 18 is a gain of 100 differential preamp whose offset
ltage ermors will be cancelled by 8 zeroing subrodling
iich is parformead by the INSS0E0A microprocessor 5ys-
m. The lolal allowable inpul offset voltage ermor for this
gamp is only S0 pV for ¥ LSB emor, This would obwiously
quire very precise ampliifiers. The exprassion for the differ-
itial oulput valtage of (he preamp is:

+

SRz
Ve — Vi H =Vl =3 [1 + ETH

R i

SIGMNAL GAIN

2R2
Vos, — 'I.I'g51 — Vom, T 1xRx) (1 + ﬁ)
% % ¥ i, R |
OC EARCR TERM GAIN

where |, is the current through resistor R ANl of the offsst
asror tenms can be cancelled by making ti.Ry= Vagy +
Wogy — Vipge- This is the principle of this auto-zeroing
zchame.

The INSEOEDA uses the 3 O ports of an IN38255 Progra-
mabks Perphaial Iimerface (PP o control the awlo zeroing
and input data from the ADCO201 55 shown in Figure 740
The PPlis programmed for basic 1O oparation (mode 0) with
Port A being an input port and Ports B and © being output
ports. Two bitsof Fort C are used to altermnately open of close
fhe 2 swilches at the inpul of tha preamp. Switch SW1 s
closed to force the preamp's differential input to be zero
during the zeroling subrowting and then opened and SW2 is
then closed for conversion of the actual difersntial inputl
signal. Using 2 swilchas in his manner eliminates concem
for tha ON msistance of the swilches as they must conduct
only the input bias current of the input amplifiers.

Cutput Port B is used a5 A succassive approwimation regis-
ter by the BO80 and (he binary Scaled resistorns in senes with
aach outpul bil croate & DFA converter. During the zaring
subroutine, the voltage at v, insases o dotreases as
required to maks tha differontial outpul voltage equal to zero.
This iz accomplished by ensuring that the voltage at the
oulpul of A1 Is approximately 2.5V so that alogic “1" (3} on

v Nalonal.com
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ADCD801/ADCO0802/ADCO803/ADCOB04/ADCOB0DS

Functional Description (continued)

any autput of Port B will sowrce curent into. node V., thus
raising the voltage al ¥y, and making the output differantial
more naqative. Convarsaly, a logic "0F (0V) will pull current
out of node vy, and decreaze the voltage, causing the differ-
antial output to bocome more positive. For the resisior val-
wes shown, Vi can move £12 mYy with s resobution of 50 pVv,
which will null the &ffset arror term to 34 LSB of full-scale for

Vimp - Lav J:'

ths ADGDREDT. I35 Important that the voltage levels that drive
the aulo-zoro rosistors be constant. Alza, for symmelry, &
logic swing of OV to 3V is convenient. To achieve thie, &
CMOS buffer is used for the Ingic output signals of Fort B
and this CMOS package ks powarsd with a stabla 5V cource.
Buffer amplifier A1 ks necessary s0 thal it can source or sink
the CVA output current

e
TRIWRurTT
MATE
IFIEMRE W1

Mobe 26: B2 = 4925 R
Mote 27: Swiiches are LMC15334 CMOE enelog svdlch s,
Mobe 38: The B resietora vead In the sulc-zam section can bo +5% olerancs.

DE0SET 100

FIGURE 18. Gain of 100 Differential Transducer Preamp
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unctional Description (Certinued)

WVERTING
§  maanmman Bl

LLLL 8
ETaEREEF

Bsveua
i

v

IR E " an | FanTA L ‘;
] R gy okin fe Wy s i Mgy 1
I . R :: L i s d
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FIGURE 18. Microproceszor Interfaca Circultry for Differential Preamp

fiewv chart for the zeroing subroutine is shown in Figure 20.
must be noted that the ADCORDT saries will oulput an all
g el when it cormvers a negalive ingul [Vy(=) = Vigle il
50, a logle nversion oxists a2 all of the /O ports are
flered with inverting gates.

wigally, if the deta read is zem, the differentlal output
liage is negative, 5o a bil n Port B is ceared to pull Vy
we nogative which will make the output more positive for
+ next canversion. |f the data read s not zero, the output
[=ge is positive 5o & bit in Port B is 8ol io maka WV, more
sitve and the output mone negative. This continues for &
proximations and the differential output eventually con-
rges to within & my of Zaro.

aactual program is givaen in Flgera 21 All addresses usec
+ compatible with the BLC 80M0 microcomputer system,
particular:

Part A gned the ADCOE01 are at pord address E4

Part B is at part acdress ES

Port C is at port address EB

PP controd word port is al port address ET

Program Counter automatically goes to ADDOR3C30 upon
acknowledgement of an intemrupt from the ADCO801

| Muitiple &/D Converters in a Z-80 Interrupt

iven Mods

dala acqulsition sysiems where more than one AD con-
ter {or other perpheral device) will be interrupting pro-
im execulion of 8 micopooessen e 5 cbviously 3

need for the CPLU Io detarmine which davica requires sarvic-
ing. Figure 22 and the accompanying software is a mathod
of determining which of ¥ ADCDE01 converters has com-
pleted a conversion {INTR: asserted) and is requasting an
interrapt. This circuil allows staring e AD converars in
ary saquanca, bul will input and store valid data from thie
converters with a priorty sequence of AMD 1 being read first,
AT 2 second, etc., through AMD 7 which would have the
lewest priodty for data bedng read. Only the converters
whosa INT is assened will be read.

The key lo decoding circuilry is the DMTILEITS, 8-bil D lype
fip-Nop. Whan the Z-80 acknowledges the interrupt. the
program 15 vectored o @ data mput Z-80 subroutine. This
subrouting will read a periphersl siatus word from the
DM74LERTI which contains the logic state of tha INTR
oupuls of all the converlers. Each converter which Initiates
an intermupt will place a logic "0 in 2 unique bit position in the
siztus word and the subroutine will detaming the identiy of
the convarter and axacute a data read. An [dentificr word
twhich indicatas which A/D the data came from) is stored in
the next sequential memory location above Ihe location of
the data ao the program can keap track of the identity of the
data antersd.

a3
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ADC0801/ADC0802/ADC0803/ADC0804/ADCOB05

Functional Description (continued)

ETART ZERDING
ELRADUTINE

CLDZE Pl

Cinkns 2

A

ITIALITE 3AR
HTMINTER
REG B =X"RD

!

INITRALITE RRE
CDDEINREGC
REGL=21'TF

l

BUTPET FIRST
BAH LOOE
HERTR - ¥ 90

ETART AD AND
FEAD DATA

“0R" REE BWITH
AEG S T CLEAR
RIT BN POHRT B
WHEN REAPPLIED

+

B FT ™ [N AEG B
AIEET TO FOWT T0
HEXT BT

OPEN 291
CLOGE oz
PREAMF I3 ZERDED
AND PROPER INFUT
CONYERRIONS CAN
e “EECLURIVE-DA"
REG B WITH REGS £
TOEET MEMT BT
INFIRT B
DUTPUT MW SAR
EO@E TOFERT B

CEDImaT-2L
FIGURE 20. Flow Chart for Auto-Zero Routing
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unctional Description (Continued)

SDOD 3E%0 MVI 20
In02 DIET (it Contral Part : Pragram PPI
0d 2601 MYIEOL Auto-Zero Subroutins
ID06 Tc MOV A H
00T  D3EG Qurc : Close SW1 apen SW2
SLO9 0680 WiL B a0 ; Imitialize SARbLt poioter
IDOR  RETF MYT A TF i Initiplize SAR code
Inon  4F MOV C .4 Returno
SDOE  D3ES OUT B ;Port E= SAR cods
3010 3LAASD LXI 5T 3DAA start ;Dimepsion stack painteaw
3013 DaB4 QOUT & ; Btart AJD
inl5 FR IE
iole 00 HOF Loop jIoopuntil THT asserted
3017 031830 JUP Loop
3014 TA MOY A.D Auto-Zero
SD1R Qa0 ADT 00
301D CA2ZD3D  JLSet O : Test AfD output dats for zers
D20 T8 MOV A.B Shift B
2l Fedo ORI GO ; Clear carry
a3d  LF RaR ;Shift *"1" in Bright one plece
IDE4  FEOD CPI 00 i IsBEzero? If you Last
28 CA37T3D JFiDone : ppproximation has besn made
3029 4T HOVE. A
ID2a C33330 JMFP NewC
SD2D TS HOV A, C 58t C
iD2E  BO ORA R i SetbitinCthat i3 in same
3JD2F  4F MOV C.A ipositionas *1*inkE
3030 C32030 JMP Shift B
D33 A9 XRA C New C iClearbit inCthatisin
D34 CI0D3D  JNF Return 1 9ame positionAas "1* inB
IDET 47 MOV E.A Done : then eutput new SAR oode .
3033 TC MOV A H ;0pen SW1, close SW2 then
D39  EE03 KRI B3 i procead with program. Preanp
3D3ZR D3IEE our ¢ iz nowzearoed.
Jnan - Hormal

L]

-

Program for prooessing

proper data veluss
SC3D LEE4 IHA En ad ASD Subroutine ; Remd ASD data
3C3F  EEFF ARI FF i Invert data
SC4L a7 KOV DA
icaz TE HOVALB ; IaBReg=0F If oot Stay
45  EGEFF ANI FF ; ineuto zere subrout ine
3045  C21A3D JHI Auto-Taere
3C48 C353D3D  JNF Mormal

e 20 Al rermeral valses are hasadecinal reprasenations,

A

FIGURE 21. Software for Auto-Zerced Differantial A/D

3 Multiple A/D Gonvarters in a Z-80 Interrupt Drivan

nde (Cortinuad)

e folowing notes apply:
It iz aszumed that the CPU awtomatcally performs a RST
7 instruction whan a valid intemupt is acknowledged
(CPU i In Interrupt mode 1). Henca, the subroutine
starting address of A00348.
The sddress bus from the Z-80 and the data bus o e
Z-20 are assurmed to be inverted by bus drivers.
AD data and identifying words will be slorad in sequen-
fial memony lecations starting at the arbetranly chosan
address ¥ 3EDD,

The stack ponter musl ba dimanslonad in the main pro-
gram as the RS1 F instruction automatically pushes he
PG onto the stack and the subroufine uses an addilonal
B stack addresses

The peripherals of concem are mapped info KO space
wilh {he: [ollowing port assignments:

=14
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ADCO801/ADCOD802/ADCOBD3/ADCOG04/ADCOB05

Functional Description (continued) HEX PORT ADDRESS PERIPHERAL
04 AID 4
HEX PORT ADDRESS PERPHERAL os AD E
00 MM74C3T4 B-bit flip-flop 0 i
2 AD 2 This porl address also serves as the A'D dentifying word in
03 AD 3 the program.

———— &

T
LI B
B e —oq—c( —lim B
wein i Ll

- B—m wer

Los

S B

|

I

: : .__Il-.ll
BATE Bt i
orr |

T
T
1
|
=
8
I 1

i

- Ll oo
i

I'1

T1

YRR 178

FIGURE 22. Multlple A/Ds with Z-80 Type Microprocessor
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‘'unctional Description (Continued)

INTERRUPT SERYICING SUBROUTINE

LOC
G338
CHr3g
34
Q03B
OG3E
o040
D4z
Do44
no45
Do4G
[LIE-2 ]
Do4E
podc
no4D
DO4E
oSl
oSz
(FLIEEE
BosT
pusg
BOSA
LIE
osc
QoD
ool
Q0EL
Q0E2
e

O8J CODE
ER

o5

F5

21 00 3E
UEOL
D300
DEOO

47

7o
FEOB
CA &0 0D
78

1F

47

DA 5500
oo

3 4300
ED T8
EEFF

7T

2C

7l

ar

£35L 00
Fl

CL

EL

e

TEST

HEKT

SOURCE

STATEMENT
FUSHHL
FUSH BC
PUSH AF
LD (HL} , X3EO0
Lb ¢, Xo1
OUT X000, A
INA, X00
LDE,4
LD 4,0
CF, X08
JPZ, DONE
LD &,B
REA
LDE,A
IFQ, LOAD
Ikce
IF, 1851
INA, (T)
XOR FF
LD {HE) A&
INOL
LD {HLj , @
IFCL
JP,REX1
POF AF
FOF BC
FOF HL
HET

; Save contents of all rogisters affocted by

rthis subroutine.

;Aspumed INT mede 1 earlisr set.

;Initialize memary pointer vhers datawill be stored.
iCregister will be port ADDR of A/D converters.

:Load peripheral statugword inta B=bit Lateh.

; Load status word dnto accumulator.

: Bava the status word.

:Test 1o see ifthe status of B1l AfD"s have

s been cheoked. If 50, axit Subroutine

:Test g single bit ipstatus word by looking for

;2 "L" to bs rotated into the CARRY |an INT
rislogded as a "1®) . If CARRY 13 ast then load
icontents of AJD st port ADDER in C register.

: If CARRY 15 not set, lncrament C reglsterto point
itonext ASD, then test next bit in stetus word.

i Read data from interrupting A/0 end invart

:Storathe data

; Store AfD1dentifisr [(A/Dport ADDR) ,

» Tes5t peXt bit in status word.
:Re-establizh all reglsters as thay wers
itbefers the interrupt.

tBeturntooriginal program

EEET] A8

v NakioNELCH

S0B0DAV/F0E02AV/EDE0IAV/Z0R0DOYLOB0DAY




ADC0801/ADCO0802/ADC0B03/ADCO&04/ADCOB05

Physical DIimensions inches (milimstars) unless othenisa noted
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Notes

FE SUPPORT POLICY

GTICNAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
SVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
JLUNSEL OF NATIONAL SEMICONDUCTCOR CORPORATION. As usad harein:

siapeAu0) /v aiquedwo dri 1g-8 508000V/F0802AV/E0802AY/Z08020AY/108000Y
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systems which, (8) are inlended for surgical implant support device or sysitem whose failure to perform
into the body, or (b} support or sustain life, and can be reasonably expected to cause the failure af
whosa failure to perform when properly used In the life supporl device or syslem, o lo affect itz
accordance with instructions for use provided in the safaty or affectiveness.

labeling, can be reasonably expected to result in &
significant injury to the user.
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stures

mpatible with MCS®51 Products

. Bytes of In-System Reprogrammable Downloadabls Flash Mamory
= 8P1 Serial Interface for Program Downloading
- Enduranca: 1,000 Write/Erase Cycles
Bytes EEPROM

- Endurance: 100,000 Write/Erase Cyclas
ta 6% Operating Range

lhy Static Operation: 0 Hz to 24 MHz
rea-leval Program Memory Lock

G x B-bit Internal RAM

Frogrammabde /0 Lines

ree 16-bit Timer/Counters

1e interrupt Sources

ogrammable UART Serial Channel

I Serial Interface

w-power idie and Power-down Modas

Eerrupt Recovery from Power-down

ogrammable YWatchdog Timer

ial Data Pointer

sver-aff Flag

scription

ATB9S8252 is a low-power, high-performance GMOS §-bit microcontrofler with 8K
5 of downloadable Flash programmable and erasable read-only memory and 2K
s of EEPROM. The device is manufactured using Atmel's high-density nonvolatile
1ory technology and is compatible with the industry-standard 80C51 instruction
and pinoul. The on-chip downloadakble Flash allows the program mamory to be
grammed In-Systam thmough an 5P| serial interface or by a conventional nonvol-
memary programmer. By combining a versatile 8-bit CPLU with downloadable
1 un & monalithic chip, the Atmel ATB258252 is a powerful microcontroller, which
ides a highly-flexible and cost-effective solulivn to many embedded control
cations.

ATBIS8252 provides the following standard features: 8K bytes of downloadable
1, 2K bytes of EEFROM, 2356 bytes of RAM, 32 11O lines, programmable watchdoeg
,, two data pointers, three 16-bit timer/counters, a six-vector two-level interrupt
tecture. a full duplex serial port, on-chip oscillator, and clock circuitry, In addition,
TBB5E252 is designed with static logic for operation down lo zero frequency and
oris two sofiware selectable power saving modes. The Idle Mode stops the CPU
I allowing the RAM, timer/caunters, serial port, and interrupt system to continue
ioning, The Power-down mode saves the RAM contents but freazes the oscillator,
Jding all other chip functions until the next external interrupt or hardware resat,
downloadable Flash can be changed a single byts at a time and is accessible
igh the 5P serial interface. Holding RESET active forces the SPI bus into a sarial
ramming interface and allows the program mamaory to be written b or read from
i3 lock bits have been activated.

=—-=—- &

8-bit
Microcontroller

| with 8K Bytes

Flash

AT8958252

DI F-MCRIO=11103
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Supply voltage.

Ground.

Port 0 is an 8-bit open drain bi-didirectional /0 port. As an output port, each pin can
sink eight TTL inputs. When 1= are written to port 0 pins, the pins can be used as high-
Impedance inputs.

Port 0 can also be configured to be the multiplexed low-order address/dats bus during
actesses to external program and data memaory. In this mode, PO has internal pull-ups.

Port 0 also receives the code bytes during Flash programming and outputs the code
bytes during program verification. External pull-ups are reguired during program
verification.

Port 1 is an B-bit bi-directional I/0 port with internal pull-ups. The Port 1 output buffers
can sink/source four TTL inputs. When 1s are written to Port 1 pins, they are pulled high
by the intemnal pull-ups and can be used as inputs. As inputs, Port 1 pins that are exter-
nally being pulled low will source current (1, ) bacause of the internal pull-ups.
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ATmEL

Some Port 1 pins provide additional functions. P1.0 and P1.1 can be configured to be
the timar/counter 2 extemal eount input (P1.0/T2) and the timer/eountar 2 trigger input
(P1A/TZEX), respectively.

Furthermore, P1.4, P1.5, P1.6, and P1.7 can be configured as the SPI slave port select.
data inputfoutput and shift clock input/output pins as shown in the following table.

Port Pin Alternate Functions

P10 T2 (external count inpul 1o TimerCounter 2), clock-out

P1.1 T2EX (Timer/Counter 2 eapture/reload trigger and direction contral)

P14 58 (Slave port select input) o _

P1.5 MOSI {Master data output, slave data inpul pin for SPI channel)

P18 MISO (Master data input, sla";n data autput pin for E_PI channal)
_F‘i 7 SCK {Mﬂst-f;.r clock output, Slm"e clock input pin fur.éF'l channel)

Porl 1 also receives the low-order address bytes during Flash programming and
verification.

Port 2 |s an &-bit bi-directional /O port with internal pull-ups. The Port 2 autput buffers
can sink/source four TTL inputs. When 1s are written to Port 2 pins, they are pullad high
by the internal pull-ups and can be used as inputs. As inputs, Port 2 pins that are exter-
nally being pulled low will source current (1, ) because of the internal pull-ups.

Port 2 amits the high-order address byte during fetches from external program memary
and during accesses to external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pull-ups when emitting 1s. During
accesses to external data memory that use 8-bil addresses (MOVX @ RI), Port 2 emits
the contents of the P2 Special Function Register,

Port 2 also receives the high-order address bits and some control signals during Flash
programming and varification,

Porl 3 is an §-bit bi-directional O port with internal pull-ups. The Port 3 autput buffars
can sink/source four TTL inputs, When 1s are written to Port 3 pins, they are pullad high
by the internal pull-ups and can be used as inputs. As inputs, Port 3 pins Lhat are exter-
nally being pulled low will source eurrent (1, ) because of the pull-ups.

Port 3 receives some control signals for Flash programming and verification.

Part 3 alsa serves the functions of various special features of the ATBOS8282, az shown
in the following tabie.

ATB89S8252 mesesssesssssssssss—————————
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JPROG

(PP

L1

Port Pin Alernate Functions

Fa.0 RXD (sedal input port)

=R TXD (serial outpot port)

F3.2 - INTD {Eartérnal inmn:u;:d iy il
F3.a TNTT (external intermupt 1) R
P34 TO {imer O external input)

Fis T {timer 1 extarnal input)

P3g _' R {external data memory write strobe) _

P37 - |mD {external dala mamory read strobe) R

Reset Input. A high on this pin for two machine cycles while the oscillator is running
resels he device.

Address Latch Enable is an output pulse for latching the low byte of the address during
accesses 1o external memory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rale of 116 the oscillator frequency and
may be used for external timing or clocking purposes. Note, howewver, that one ALE
pulse is skipped during sach access to external data memory.

If desirad, ALE operation can be disabled by setting bit 0 of SFR location 8EH. With the
bit set, ALE is active only during a MOVX or MOVC instruction, Ctherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no effect if the microcontroller is in
external execution mode.

Program Store Enable is the read strobe to external program memory.

When the ATBE58252 is executing code from external program memory, FSEN is acti-
vated twice each machine cycle, excepl thal two PSEM activations are skipped during
pach access to external data memory.

External Access Enable. EA must be strapped to GND in order 1o enable the device to
fetch code from external program memory locations starling at 0000H up to FFFFH.
Mote, howewver, that if lock bit 1 is programmed, EA will be indernally latched on reset

EA should be strapped to V. for internal program executions. This pin also receives the
12-volt programming snable voltags (V..) during Flash programming when 12-volt pro-
gramming is selected.

Input to the inverting cscillator amplifier and input to the Intemal clock operating cirewit.

Qutput from the inverting oscillator amplifier.

IGRC--11/0a
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A map of the on-chip memory area called the Special Function Register (SFR) space is
shown in Table 1.

Mote that not all of the addresses are occupied, and unoceupied addresses may not be
implemented on the chip. Read accesses to these addresses will in general return ran-
dom data, and write accesses will have an indeterminate effect,

User software should not write 1s to these unlisled locations, since they may be used in
future products to invoke new features. In that case, the reset or inactive values of the
new bits will always be 0,

Timer 2 Registers Control and status bits are contained in registers T2CON (showa in
Table 2) and TZMOD (shown in Table 9) for Timer 2. The register pair (RCAP2ZH,
RCAPZL) are the Capture/Reload registers for Timear 2 in 16-hit capture mode or 16-bit
auto-reload mode.

3 1. ATBO28252 SFR Map and Reset Values

H OFFH
H - OF7H
00200000
|
I . DEFH
|
ALD
HH AOnOnann 1 OEH
OOF
H [ H
PEW SRCR |
| oooooom 00001 ooTH
H T2C08 RCAPEL RoAPAH TLE THZ DCEF
O0DON0G DONDNG0 oO000000 00000000 00000000 H
| i
H 0GTH
| =
H = TIBFH
HE M0
P3
H T 11 O0BTH
IE SPSR
H | Cx00oooo o000 | GaFH
it —
| P2
1 i
200N SHUF |
1 COO0000 OOOUo | by
1 WO
} 114414 0000010 2
; TEOM THCD L0 7L THY THA -
HOBO000H Q000000 O0ODIC00 20000000 0000000 0000000
; FO 5P OFIL OPEH DL DP1H SPOR POON o
AREESREE] [T ER OO0 Taaoon 0000000 CHI00000 SO MM Lhea e dilauli]
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: 2. T2C0N - Timer/Counter 2 Contral Register

OM Address = DCEH Reset Value = 0000 0000B
wldressatbile
TF2 EXF2 | RCLK TCLK EXEN2 TR2 ci2 CPIRLZ
T 6 | 5 4 3 2 i Lt
tbol Function

| Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either

ROLK =1 or TOLK =1,

Timer 2 external flag set when either 2 capiure or raload Is caused by a negative transition on T2EX and EXENZ = 1.
When Timer 2 intermupt is enabled, EXF2Z = 1 will cause the CPU to vector 1o the Timer 2 interrupt roofine. EXF2 must he

Receive clock enable. When set, causes the serlal port to use Timer 2 overflow pulsas for its receive clock in seral port

Transmit clock enable. When set, causes the sedal port to use Timer 2 overfiow pullses for ils ransmit chook in senal port

| Timer 2 external enabla. Wh-an set, allows a capture or reload to cccur a2 a result of 2 negative transition on T2EXF

Timeror cnur'rtar salact for Timer 2. CfTZ = O for timer function. C.I'TE = 1 for external event counter (falling edge

2
cleared by software. EXF2 does not cause an interrupt In up/down counter mode {DCEN = 1),
K
Modes 1 and 3 RC-LK 0 causes Timer 1 overfiows 1o be used for the recewe clock.
K
Modes 1 snd 3. TCLK =0 causes Tirmer 1 overflows to be used for the transmit clock.
N2
Timer 2 is rot being used L-:r c:lndl; the serial port. EXEMZ = 0 causes TII'HEI 2 to ignore events at T2EX,
’ Start/'Stop cuntml for Tr‘nar 2 TR2 =1 starts the timer.
Z
triggered).
RLZ

Captura/Reload select. CP/RL2 = 1 causes captures to occur on negative transitions at TEEX if EXENZ = 1. CRRLZ =0
causes automatic reloads to occur whan Timer 2 owerflows or negative transiions oceur at T2ZEX when EXENZ = 1, When
either RCLK or TCLK = 1, this bil is ignored and the timer is forced 1o auto-reload on Timer 2 overflow.

————————————
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hdog and Memory Control Register The WMGON register contains conirol bits for the Watehdog Timer (shown in
3 3). The EEMEN and EEMWE bits are used to select the 2K twies on-chip EEPROM, and to enable byte-write. The
bit selects one of two DPTR registers available

13, WMCON—Watchdog and Memory Control Register

CON Addrass = 96H Resat Value = 0000 060108

Ps2 PS1 PsO EEMWE | EEMEN DPS WDTRST | WDTEN

| & 5 ] 4 3 . 2 |" 1 : 0

Function

EEPROM Data Memory Write Enable Bit. Set this bit 15 *1™ before initiating byle write lo on-chip EEPROM with the

Prascaler Bits for the Watchdog Timer. When all three bits are set 16 0", the watchdog timer hes a nominal period of
18 mes. When all three bits are setto “17, the nominal period is 2048 ms.

MOV Instruction. User software should set this bit to *0" after EEFROM write iz completed.

| instead of external data memory, Whan EEMEN = 0, MOVX with DPTR accesses exiernal data METICTY,

Intzrnal EEPROM Access Enable. When EEMEN-= 1, the MOVX instruction with DPTR wlll access on-chip EEPROM

-

Data Polnter Register Select. DPS = 0 selects the first bank of Data Painter Register, DPD, ard DPS = 1 eelacts the
second bank, O

Watchdog Timer Reset and EEPROM Ready'Busy Flag. Each time this bit is set to “1" by user software, a pulse |s
generatad to reset the watchdog timer. The WDTRST bit is then autormatically reset to *0° In the nesd instruction cyche
The WOTRST il is Winte-Only. This bit also serves as the ROY/BSY flag in & Read-Onky moda during EEPROM write.
ROY/BSY = 1 means that the EEPROM is ready ta be programmed. While programming operations are baing executed,
the ROV/BSY bit equals 0" and is aulomatically reset to "1" when programming is completed.

| Watchdog Timer Enable Bit. WDTEN = 1 enables the watchdog timer and WDTEN = 0 dizables the watchdog timer.

AT89S582527 eeesss————
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5P| Registers Control and status bits for the Searial Peripheral Interface are conlained in
registers SPCR (shown in Table 4) and SPSR (shown in Table B). The SPI data bits are
cuntained in the SPDR reqister. Writing the SPI data register during serial data transfer
sats the Whrite Collision bit, WCOL, in the SPSR register. The SPOR is double bufferad
for writing and the values in SPDR are not changed by Reset.

Interrupt Registers The global interrupt enable bit and the individual interrupt enable
bits are in the |E register. In addition, the individual interrupt enable kit for the SPI s in
the SPCR register. Two priorities can be s&t for sach of the six imtemupt sources in the
IP ragistar.

Dual Data Polnter Registers To facilitate accessing both intemal EEPROM and extar-
nal data memory, two banks of 16-hit Data Pointer Registers are provided: DPO at SFR
address locations 82H-83H and DP1 at 84H-85H. Bit DPS = 0 in SFR WMCON selacts
DPQ and DPS = 1 selects DP1. The user should ALWAYS inilialize the DPS bit to the
appropriate value befare accessing the respective Data Pointer Register.

Power Off Flag The Power Off Flag (POF) is located at bit_4 (PCON.4) in the PCON
SFR. POF is zet to "1" during power up. It can be set and reset under softwars control
and Is not affected by RESET.

3 4. SPCR - SF| Control Register

IR Address = DSH Reset Vale = 0000 01 XXB
= § . . |
SPIE SPE DORD | MSTR CPOL CPHA SPR1 SPRO
7 6 5 | 4 3 2 1 0
ibol Function

SFI Intemupt Enahie. This bit, in conjunction with the ES bit in the |E register, enables SPI interrupts: SPIE =1 and ES =
1 enable 5P| Interrums, SPIE = 0 disables SPIinterrupts.

SPI Enable. SP| = 1 enables the 5P| channel and connects 55, MOSI, MISC and SCK to pins P1.4, P1.5, P1.6, and FL?.
SP| =0 dizables the SPI channzl,

D Data Ordar. DORD = 1 selects LSB first data transmission. DORD = 0 selacts MSE first data transmission.

R Master/Slave Select. MSTR = 1 selects Master SPI mode. MSTR = 0 selects Slave SPI mode.

L Clock Polarity. When CPOL = 1, SCKis high when idle, When CPOL = 0, SCK of the master device is few when not
transmitting. Flease rafar to figure on 5P| Clock Phase and Polarity Control.

1A Cluck Phase. The CPHA bit together with the CPOL bil controls the clock and data refabonship batween master and
slave. Please refer to figure on SP| Clock Phase and Polarity Conirol.

i} 5P| Clock Rate Select. These two bits control the SCK rate of the device confiqured as master, SPR1 and SPRO have no

effect on the slave. The relationship belween SCK and the osclilator frequency, F.,.., is as follows:
SPR1 SPRO SCK =F,.. divided by

0 0 4

0 1 16
1 ] 4
1 1 128

WCRC 1102
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3 3. SPSR - 5P| Status Register

iR Address = AAH Faset Vallue = OUXX XXXXEB
SPIF WCOoL = - = - = -
: 7 6 5 4 3 | z 1 0
1hal Funetion
F SPI Interrupt Flag. When a serial transfer is complete, the SPIF bitis set and an inlerrupt is generated if SPIE = 1 and ES
=1, The 5PIF bitis cleared by reading the SP| stalus register with SPIF and WCOL bits set, and then reading/writing the
SP| data ragister.
oL Write Gollision Flag. The WCOL bit is set if the SPI data register i written during & data transfor. During data transfer, the

result of reading the SPDR register may be incorrect, and writing to it has no effect. The WGOL bit {and the SPIF bit) are
| cleared by reading the SP| status registor with SPIF and WCOL set, and then aceessing the SPI data register,

2 6. SPDR - SPl Data Registar

IR Aubdress = 86H

Reset Value = unchangad

SPDS SPD4 SPDa SPDZ sPDY | SPDO |

a Memory -
PROM and RAM

The ATB958252 implements 2K bytes of on-chip EEPROM for datz storage and 256
bytes of RAM. The upper 128 bytes of RAM occupy a parallel space to the Special
Function Registers. That means the upper 128 bytes have the sama addresses as the
SFR space bul are physically separate from SFR space.

When an instruction accesses an Internal location above address 7FH, the address
mode used in the instruction specifies wheather the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct addressing access SFR space.

For exampla, the following direct addressing instruction accessas the SFR at lozation
DADH {which is P2).
MOV 0aRA, #data

Instructions that use indirect addressing access the upper 128 bytes of RAM. For exam-
ple, the following indirect addressing instruction, where R contains 0AOH, accesses the
data byte at address 0AQH, rather than P2 (whose address is OAQM),

MOV AR0O, fdata

Note that stack operations are examples of indirect addressing, so the upper 128 hytes
of data RAM are available as slack space.

The cn-chip EEPROM data memory is selected by setting the EEMEN bit in ihe
WMUCON register at SFR addrass location 96H. The EEPROM address range is from
000H to 7FFH. The MOVX instructions are used to access the EEPROM. To access off-
chip data memory with the MOV instructions, the EEMEM bit neads to be sat 1o 0",

The EEMWE bit in the WMCON register needs to be sat to 17 hefore any byte location
in the EEPROM can be written. User software should reset EEMWE bit to "0" if no fur-
ther EEPROM write is required, EEPROM write cycles in the serial programming mode
are self-limed and typically lake 2.5 ms. The progress of EEPROM write can be maoni-
tored by reading the RDY/BSY bit {read-only) in SFR WMCON. RDY/BSY = 0 meens

AT89582 52 e ——
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praogramiming is still in progress and ROY/BSY = 1 means EEFROM writa cycle is com-
plated and another write cycle can be initiated.

In addition, during EEPROM programming, an atlempted read from the EEFROM will
feteh the byte being written with the MSE complemented. Once the write cyde is com-
petad, true data are valid at all bit lncations.

The programmable Watchdog Timer (WDT) operates from an independent internal
oscillator. The prescaler bits, PS0, PS1 and P52 in SFR WMCON are used to set the
period of the Watchdog Timer from 16 ms to 2048 ms. Tha available timer penods are
shown in the following table and the actual timer periods {at V. = 5V) are within £30%
of the nominal.

The WDT is disabled by Power-on Resel and during Power-down, It is enabled by set-
ting the WDTEM bit in 5FR WMCON {address = 96H). The WDT is reset by selting the
WOTRST bit in WMCON. When the WDT times out without being reset or disabled, an
intemal R5T pulsa is generated to resat the CPL.
Table 7. Walchdog Timer Period Selaction

WDT Prescaler Bits
PS2 PS1 PS0 : Period (nominal)

0

16 ms

32 ms

0 | = | OO

4]

i 0
4] 64 me

128 ms
258 ma

_ 512 me
1 1 ] 1024 ms
1 1 2048 ms

—
_—

=

L=~
i

Timer & and Timer 1 in the ATS8958252 operata the same way as Timer 0 and Timer 1 in
the ATE9CS1 and ATS9CS52, For further information on the timers’ operation, refer to the
Atmel web site (http dwww atmel com). From the home page. selact “Products”, then
“Microcontrollers, then “8051-Architecture”. Click on "Documentation”, then on "Other
Documents”, Open the document *AT89 Series Hardware Description”,

Timer 2 is a 16-bit Timer/Counter that can operate as either a timer or an event counter.
The type of operation is selected by bit C/T2 in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: capture, auto-reload {up or down counting), and
baud rate ganeratar. The modes are selected by bits in T2COM, as shown in Table 8.

Tirmer 2 consists of two B-bit registers, TH2 and TLZ. In the Timer function, the TL2 reg-
ister is incremented every machinge cycle. Since a machine cycle consists of 12
osclllator periods, the count rate is 112 of the oscillator frequency.

In the Counter funchon, the register is incremented in response to a 1-to-0 transition at
its corresponding external nput pin, T2. In this function, the external input is sampled
during 35P2 of every machine cycle. When the samples show a high in one cycle and a
low in the next cycls, the count is incremented. The new count value appears in the reg-
ister during 53P1 of the cycle following the one in which the transition was detected.

== —— 11
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Since two machine cycles (24 oscillator perinds) are required to recognize a 1-to-) tran-
sition, the maximum count rate is 1/24 of the oscillator frequency. To ensure that 3 given
level is sampled at least once before it changes, the level should be held for at least one
full machine cycle.

Table B. Timer 2 Operating Modes

RCOLK + TCLK CPRLZ TR2 MODE
0 1 16-bit Auto-reload
a 1 | 1 16-bit Captura
1 X . 1 Baud Raté;?;anaramr
X X a | (O

In the capture mode, two options are selected by bit EXENZ in T2C0ONM. If EXENZ = 0,
Timer 2 is a 16-bit timer or counter which upon overfiow sets bit TF2 In T2C0N. This bit
can then be used 1o generate an interrupt. If EXENZ = 1, Timer 2 performs the same
operation, but a I-te-0 transition at external input T2EX also causes the current value in
TH2 and TLZ to be captured into RCAPZ2H and RCAP2L, respectively. In addition, the
transition at T2EX causes bit EXF2 in T2CON to be sat. The EXF2 bit, like TF2, can
generate an interrupt, The capture mode s illustrated in Figure 1.

re 1. Timer 2 in Capture Mode

Des +12 — —
g M2 =0 -
e o T o—— TH2 | T2 | -[ TPz |
| emRal i | ‘ 3 OWERFLOW
O T CT2 =4 The | . ':’\/
| | B,
T2 PIN CAPTURE : —D
RCAPZH RCAPELi- l
TRANSITION SR
DETECTOR
il INTERRLPT
.-"'-' I
TZEX PIN || " P l EXF2
EXEN2

JAT 89S 8 2 5 2 0000
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>-reload (Up or Down Timer 2 can be programmed to count up or down when configured in its 16-bit auto-

nter)

reload mode. This feature is invoked by tha DCEN {Down Counter Enabla) bit located in
the SFR T2MOD (see Table 9). Upan resat, the DCEM hit is set to 0 so that timer 2 will
defaull to count up. When DCEMN is set, Timer 2 can count up or down, depanding on the
value of the T2EX pin.

Figure 2 shows Timer 2 automatically counting up when DCEN = 0. In Lhis mode, two
options are selected by bit EXENZ2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
DFFFFH and then sets the TF2 bit upon overflow. The overflow also causes the timer
registers to be reloaded with the 18-bit valus in RCAP2H and RCAPZL. The values in
RCAPZH and RCAPZL are preset by software. f EXENZ = 1, & 18-bit reload can be trig-
gered either by an overflow or by a 1=to-0 transition at external input T2EX. This
transition also sets the EXF2 bit. Bath the TF2 and EXF2 bits can generate an interrupt
if enabded,

Setting the DCEN bit ensbles Timer 2 to count up or down, as shown in Figure 3. In this
mode, the T2EX pin controls the direction of the count. A logic 1 al T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and sat the TF2 bit. This overflow also
causes tha 168-hit value in RCAPZH and RCAPZL to be reloaded into the timer registers,
THZ and TLZ, respectively.

A logic 0 al T2EX makes Timer 2 count down. The timer underflows when TH2 and TL2
equal the values stored in RCAPZH and RCAFPZL. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.

The EXFZ2 bit toggles whenever Timer 2 averflows or underflows and can be used s a
17th bit of resolution. In this aperating mode, EXF2 doss not flag an interrupt.

re 2. Timer 2 in Auto Reload Mode {DCEN =0)

fat:sd B <12 3
CiT2 = 0
-
ety o c_'——-| THz TLZ ]—
| conTRoL OVEAELOW
T - TR2 \
2 W= RELDAD [ T
' TIMER 2
TE P INTERAUFT
‘ RCAPZH | RCAP2L
- o TFz | —
TEANSITION
DETECTOR
F2EX PIN [ ——¢ _\_ —— “fr“ L . EXF2 |
| conTROL
=
————————————— ‘ 13
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+9. TZMOD —Timer 2 Mode Control Register

00 Address = 0COH Reset Value = 200 XX00B
Bit Addressable

- = = L == ] =1 = T20E DCEN

7 8 5 | 4 3 2 1 o
ol Function 1

Mat impermented, reserved for future use.
E Tirer 2 Output Enable bit ]
= ?hﬂnset thiz hif.allmua Tirmeer 2 ta be configured as an up/down courter, ]
re 3. Timer 2 Auto Reload Mode (DCEM = 1)
(DOWN COUNTING RELOAD VALUE) TOGGLE

‘ OFFH | OFFH

OVERFLOW

osc |+ +12 )
Gz = 0 /
= /

B 20 ~.__r'r"r’i"-——r| TH= TL? > 4| TEm
| \y2
CONTROL
TRz A N 1,
bt Moo
[— N TIMER 2
‘ INTERFILIPT
T2 PIN
AGAPZH FIGAPEL‘ 4
| count
(UF COUNTING RELOAD VALLUE) ?lﬁfpmm
0=D0WN
T2EX PIN

AT 80 S 825 e —————
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re 4. Timer 2 in Baud Rate Generator Mode

TIMER 1 OWVERFLOW

I RCAF2H | RCAPZL

CLECK
TRANSITICH -

DETECTOR

I_ [ = f—— T
TZEX PN |—+ " oo EXF2 —* INTT'I'-:“REFF;J;T

Jd Rate Generator Timer 2 is selected as the baud rate generator by setting TCLK andior RCLEK in T2C0M
{Table 2). Note that tha baud rates for transmit and receive can be differant if Timer 2
is used for the receiver or transmitter and Timer 1 is used for the other function,
Sefting RCLK and/or TCLK puts Timer 2 into ils baud rate generator mode, as shown in
Figure 4,

The baud rate ganarator mode is similar to the auto-reload mode, in that a rollover in
TH2 causes tha Timer 2 registers to be reloaded with the 18-bit value in registers
RCAPZH and RCAPZL, which are preset by softwara,

The baud rates (n Modes 1 and 3 are determined by Timer 2's overflow rate according to
the following equalion.

Maodes 1 and 3 Baud Rates = 1imer 2 Q:grﬂow Rate

The Timer can be configured for either timer or counter operation. In most applications,
it is configured for timer operation (CPT2 = 0). The timer operation is different for Timer
2 when it is Used as a baud rate genarator. Normally, as a timer, it increments evary
machine cycle {at 1/12 the oscillator frequency). As a baud rate generator, however, it
increments every slate time (at 1/2 the oscillator frequency). The baud rate formula is
tgiven below.

Modes 1 and 3 _ Oscillator Freguency
Baud Rate 32 = (65536 - (RCAPZH,RCAPZL)]

where (RCAP2H, RCAPZL) is the content of RCAP2H and RCAP2L taken as a 16-bit
unsigned integer,

jlllEl 1
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Timer 2 as a baud rate generator is shown in Figure 4. This figurs is valid only if RCLK
or TCLK = 1 in T2CON. Note that a rollover in THZ does not set TF2 and will not gener-
ate an intermupt. Note too, that if EXENZ is set, a 1-to-0 transition in T2EX will set EXFZ
but will not cause a reload from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timear 2
is in use as a baud rate generator, TZEX can be used as an extra external Interrupt.

Mote that when Timer 2 is running (TR2 = 1) as a timer in the baud rate generator made,
TH2 or TL2 should not be read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or write may not be acourate.
The RCAPZ registers may be read but should not be written 1o, because a write might
overiap a reload and cause write andfor reload errors. The timer ghould be turnec off
(clear TR2) before accessing the Timer 2 or RCAPZ registers.

A 50% duty cyde clock can be programmed to come out on P1.0, a5 shown in Figure 5.
This pin, besides being a regular IY0 pin, has two alternale functions. It can be pro-
grammed to input the external clock for Timer/Counter 2 or to output @ 50% duty cycle
clock ranging from 61 Hz to 4 MHz {for a 16-MHz operating frequency).

To configure the Timar/Counter 2 as a clock generator, bit C/T2 (T2CON.1) must be
cleared and bit T20E (T2MOD.1) must be set. Bit TR2 (T2CON,2) starts and slops the
timer.

The clock-out frequency depends on the oscillator frequency and the reload value of
Timer 2 capture registers (RCAP2H, RCAP2L), as shown in the lollowing equation.

Cscillator Frequency

Clock Out Frequency = e (RCAPZHRCAPZL)]

In the clock-out mode, Timer 2 rollovers will nat generate an interrupt. This behavior is
similar to when Timer 2 is used as a baud-rate generator. It is possible to use Timer 2 as
a baud-rate generator and a clock generator simultanecusly. Note, however, that tha
baud-rate and clock-out frequencies cannot be determined independently from one
another since they both use RCAP2H and RCAP2L.

ATEOCE 252 o
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re 5. Timer 2 In Clock-aut Mods

AT8958252
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The UART in the ATBASE252 operates the same way as the UART in the ATBSC51 and
ATBECS2, For further information on the UART operation, refer to the Atmel web site
(httpfhwwaw _atrmel com). From the home page, select *Products”, then “Microcontrollers,
then "BO51-Architecture”, Click on “Documentation”, then on “*Other Docurmants®. Opean
the document “ATE9 Seres Hardware Description”.

The serial peripheral interface (SPI1) allows high-speed synchronous data transfer
belween the ATBISR252 and peripheral davices or between several AT3958252
devices. The ATBA38252 3P featuras include the following:

= Full-Duplex. 3-Wire Synchronous Data Transfer

+  Master or Slave Operation

= 1.5 MHz Bit Freguency {max.)

= | SE First or M5B First Data Transfer

«  Four Programmable Bit Rates

*  End of Transmission Interrupt Flag

«  Write Collision Flag Protection

+  Wakeup from |dle Mode (Shave Modes Only)

The inlerconnection between master and slava CPUs with 5P| is shown in the following
figure. The SCK pin is the clock output in the master mode but is the clock input in the
slave mode. Writing to the SP1 data register of the master CPU starts the SPI clock gen-
arator, and the data written shifts out of the MOS| pin and into the MG3I1 pin of the slave
CPLU. After shifting ana byte, the SPI clock generator stops, setting the end of transmis-

sion flag (SPIF}. If both the SPI interrupt enable bit (SPIE) and the serial port intermupt
enable bit (ES) are set, an intermupt is requested.

The Slave Select input, S5/P1.4, is set low to selact an individual SP| device as a slave.
When S5/P1 .4 is sat high, the 5Pl port is deactivated and the MOSI/P1.5 pin can be
used as an input.

There are lour combinations of SCK phase and polarity with respect to serial data.
which are determined by control bits CPHA and CPOL, The SF| data transfer formats
are shown in Figure & and Figure 9.

¢ 7. SPI Master-slave Interconnaction

MSE_ MASTER LSB EMJSO Hb&ﬂc MSB  SLAVE LSB
,—{ B-BIT SHIFT REGISTER B-BIT SHIFT ﬂEGISTERJ‘--
| - MOS| ?-'IDSJ »
I SPI l SCK  SOK
(CLOCK GENERATOR N S B 5
Vee 1-_'
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re 8. 5P| transfer Format with CPHA =0

SCK CYCLE # ]
{FOR REFERENGE)

|
|
SCK (CPOL=0) | TN

SCK (CPOL=1) | ol RN | )_ L T\;/”_\\_’/ [ A
| | | | | | |
MOS| ¢ MEB B W & 4 ¥ 3 X 3 1 % LS8
PO, & XX |.>< G X
MISO T OMEB X 8 X B X 4 ¥_ 8 X » 4 xS % + —
(FROM SLAVE) i 5
Leesnds BNTRAL AN RNEANE
| i [T | | i i i | i i i i i I [
*Mot defined but normally MSB of character just received
ra 8. 5Pl Transfer Format with CPHA =1
SCK CYCLE# R z 3 4 5 5 T |_ 8 |
{FOR REFERENCE) | | I |
SCK {CPDL“D} b _\‘\i_-"'.l "._J_/ -H‘\-_'H_\L.-"/ e z "\- /| -'\l
o L 1.1 |
SCK (CPOL=1) A NLAD A S T Bl /I\ |
| T | | 1] | L ? |
MOSI MsE X B M 5 % 4 W oa W op B4 b
(FROM MASTER) | | | l | | | | | I | |
MISO  —— v MTueB B 4 58 X 4 3 X F 1 ¥ 1Em  —
(FROM SLAVE) ‘ | | | ‘ | :
SS (TO SLAVE | | | ‘ ‘ | | ‘ | | I
( ) b . i |
‘Mot defined but normally LSE of previously transmitted character.
!rrl,.lpts The ATBOSE252 has a total of six Interrupt vectors: two external interrupts (INTO and

INT1), three fimer interrupts (Timers 0, 1, and 2), and the serial port interrupt. These
intarrupts are all shown in Figure 10.

Each of these interrupt sources can be individually enabled or disabled by setting or
clearing a bit in Special Function Register IE. IE also contains a global disable bit, EA,
which disables all interrupts at once.

Note that Table 10 shows that bil position IE.6 is unimplemented. In the ATBICEA, bit
position IE.S is also unimplemented. User software should not write 15 to these bit posi-
tions, since they may be used in future ATBS products.

Timer 2 interrupt is generatad by the logical OR of bits TF2 and EXF2 in register
T2CON. Meither of these flags is clearad by hardware when the service routine is vec-
tored to. In fact, the service routine may have to determine whether it was TF2 or EXF2
that generated the interrupt, and that bit will have lo be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TF1, are sel at 35P2 of the cycle in which the
timers overflow. The values are then polled by the circuitry in the next cycle. However,
the Timer 2 flag, TF2, is set al 52P2 and is polled in the same cycle in which the limer
overfiows.

E——e———xa——— 0" | @, 19
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210. Intermupt Enable {IE) Register

AIMEL

BYLSE)
EA ETZ ES ET1 Ex1 N ETO EXD !
Enabla Bil = 1 snables the interrupl. _ -
Enabla Bit = 0 dizablas the intarrupt,
Symbol Position Function
EA IE.¥ Disables all interrupts, If EA = 0, no interrupt is acknowledged. If EA =1, each intarrupt
source iz individuzlly enabled or disabled by satting or clearing its enabls bit,
- IE.G Raéaﬁé&.
ET2 IE.5 Timer 2 interupt enable bit N o
ES IE.4 EPI and LART interrupt enabla bit.
ET1 IE.3 Timer 1 interrupt enable bit
EXx1 IE.2 External interrupt 1 enable bit
- -I:_l"I] IEA - . Timar 0 |r|terr?pt -anabﬂa bit. i
EXD [ IE.Q Extarnal interrupt O enabbe bHit.

r soffwarea should never wiite 15 to unimplameanted bits, because they may be used in future ATSS products.

re 10. Interrupt Sourcas

TFD 3 *

Oy

T —1}-':'. W IE .

AT B80S 5 2 5 00000
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2 10. Interrupt Enable {IE) Register

B)LSE)
EA

ETz ES ET1 I EA1 ETO ExX0

Enable Bit = 1 enables the intermupt.
Enable Bit = 0 dizables the intarrupt.

Symbaol Pasition Functlon
EA IE.7 Disables alf intemrupts. If EA = 0, no interrupt is acknowledged. if EA =1, aach intarrupt
souree is individually enablad or disabled by selting or clearing s enable bit.
- IEG Reserved,
ET2 IE.5 Timear 2 interrupt enable bit,
ES IE.4 SPI and LART intarrupt enahble bit,
ETY IE.3 Timer 1 intermupt enable bit
EX1 IE.2 External intarrupt 1 enabla bit.
ETO IE.A Timer O interrupt enabie bit.
EX0 E.D External interrupt O enable bit.

r software should never write 15 to unimplemented bits, because hey may be used in Future ATBS products.

ra 10. Interrupt Sources

— [E0 [—

TFQ —— - - -
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XTAL1 and XTALZ are the input and output, respectively, of an inverting amplifier that
can be configured for use as an on-chip oscillator, as shown in Figure 11. Either a
quartz crystal or ceramic resonator may be used. To drive the device from an exlernal
clock source, XTALZ should be left unconnected while XTALY is driven, as shown in
Figure 12. There are no requiraments on the duty cycle of the external clock signal,
since the input to the internal clocking circuitry is through a divide-by-two Fip-flap_ but
minimum and maximum voltage high and low time specifications must be abserved.

Figure 11. Oscillator Connections

cz
—3I- ® 4 xTAL?
[
G I
L 1 ¥TALY
*— GHD

Mote:  C1, G2 30 pF £ 10 pF for Crystals

40) pF £ 10 pF for Ceramic Resonators

Figure 12. Extermal Clock Drive Configuration

NC WTAL2
EXTERNAL
OSCILLATOR — XTALI
SIGMAL
GMND
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zillator XTAL1 and XTALZ are the input and output, respectively, of an inverting amplifier that

wacteristics can be configured for use as an on—chip oscillator, as shown in Figure 11, Either a
quartz erystal or ceramic resonator may be used. To drive the device from an exlernal
clock source, XTALZ should be left unconnected while XTAL1 is driven, as shown in
Figure 12. There are no requirements on the duty cycle of the extsrnal clock signal,
sinca the input to the internal clacking circuitry is through a divide-by-two fiip-flop, but
minimum and maximum vaoltage high and low time specifications must be ohserved.

Figure 11. Oscillalor Connections

G2
—i— XTALZ
| |
i I
&—p - WTAL1
[ B GND
Mote:  C1, G2 = 30pF £ 10 pF for Grystals
= A0pF £ 10 pF for Ceramic Resonators
Figure 12. Extemal Clock Drive Configuration
NG ——— XTAL2
EXTERNAL
OSCILLATOR ——  XTAL1
SIGNAL
GND
-
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In idle mode, the CPU puts itself to sleep while all the on-chip peripharals remain active.
The made is invoked by software. The content of the on-chip RAM and all the spacial
functions registers reamain unchanged during this moda. The idle mode can be termi-
nated by any enabled interrupt or by a hardware reset.

Mote that when idie mode is terminated by a hardware reset, the device normally
resumeas program execution from where it left off, up to two machine cycles before the
internal reset algorithm takes control. On-chip hardware inhibits access to intermal RAM
in this event, but access to the port pins is not inhibited. Ta eliminate the possibility of an
unexpacted write to a port pin when idle mode is terminated by a reset, the instruction
following the ana that invokes idle mode should not write to @ port pin or to external
memary.

Status of External Pins During Idle and Power-down Modes

.

Program i o
Maoda Mamory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Intemal '1 1 Data Data Diata Data
Idle External 1 1 Float Data Address Dane
_ Fower-down Irter ral a [¥] Data Data Data Date
Power-down Extamal 4] 0 Float Crata Diata Diate

In the power-down mode, the oscillator is stopped and the instruction that invokes
power-down s the last instruction executed. The on-chip RAM and Special Funcrion
Reqisters relain their values until the power-down mode is terminated. Exit from power-
down can be initiated either by a hardware reset or by an enabled external interrupt,
Reset redefines the 3FRs but doss not change the on-chip RAM, The reset should not
be activaled before V. is restored to its normal operating level and must be held active
long enough to allow the oscillator to restart and stabilize.

ver-down Mode

To exit power-down via an interrupl, the extamal intermupt must be enabled as level sen-
sitive before entering power-down. The interrupt service routine starts at 16 ms
{nominal) afler the enabled intemupt pin |s activated.

The AT8958252 has three lock bits that can be left unprogrammed (W) ar can be pro-

gram Memory
grammed {F) to obtain the additional features listed in the following table.

:k Bits
When lock bit 1 is programmed, the logic level at the EA pin is sampled and latched dur-
ing reset. If the device is powered up without a reset, the latch initializes to a random
value and holds that value until reset is activated. The latched value of EA must agree
with the current logic level at that pin in arder for the device to function properly.
Cince programmed, the lock bits can only be unprogrammed with the Chip Erase opera-
tions in either the parallel or seral modes.
k Bit Protection Modes'"'?)
o F‘rﬂgram Lock Bits
LB LB2 | LB3 Protection Typs
u u Ho Internal memory lock fealure, —
P L L] MOWE instructions executed from external program memary arg disakbied from fetching code bytes from
| intemal memone EA B samphed and latched on reset and furthe: prograrmming of tha Flash mamory
| {parallel or serial mode ) is disatlad. -
P P u | Sameaz Mode 2, but parallel or serlal verlly are also disabied. T
P P | P | Same as Mode 3, but external execution is also disabled.

1. U= Unpmgramméd
2. P =Programaned

AT G0 S B D
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MEL

: Mode In idle mode, the CPU puts itself to slaep while all the on-chip peripherals remain acive.
The mode is invoked by software. The content of the on-chip RAM and all the special
functigns registers remain unchanged during this mode. The idle mods can be termi-
nated by any enabled intermupt or by a hardware resat.

Note that when idle mode is terminated by a hardware reset, the device normally
resumes program execution from where it left off, up to two machine eycles before the
internal reset algorithm takes control. On-chip hardware inhibits access to internal RAM
in this svent, but access ta the port pins is not inhibited. To eliminate the possibility of an
unexpected write to & port pin when idle mode is terminated by a reset, the instruction
following tha one that invokes idle mode should not write to a port pin or to external

mMemaony.
Status of External Pins During Idle and Power-down Modes
: Program o ] '
Mods Momory ALE SEN FORTD PORTH PORTZ PORT3
ldle Intermal 1 1 Dats Data Data [Daks
Idle Enternal 1 1 Flogt [rate Addrass Data
Powear-down tmbernal 4] 1] Data Data Data Uatﬂ_
Power-down Extarnal 8] 0 Fleat Data Data Data
ver-down Mode In the power-down mode, the oscillator is stopped and the instruction that invokes

power-down is the last instruction executed. The on-chip RAM and Special Function
Registers retain their values until the power-down maode is tarminated. Exit from power-
down can be initiated either by a hardwarse reset or by an enabled extemal intemrupt.
Reset redefines the SFRs bul does not change the on-chip RAM. The reset should not
be activated before V... is restored to its normal operating level and must be held active
leng encugh to allow the oscillator fo restart and stabilize.

To exit power-down via an intermupt, the external interrupt must be enabled as level san-
sitive before entering power-down. The interrupt service routine startz at 16 ms
(nominal) after the enabled interrupt pin is activated.

gram Memory The ATBS8SB252 has thres lock bits that can be left unpragrammed (U or can be pro-
k Bits grammed (P} to obtain the additional features listed in the following table.

When lack bit 1 is programmed, the logic level at the EA pin is sampled and latched dur-
ing reset. I the device is powered up without a reset, the latch initializes to & random
value and holds that value until reset is activated. The laiched value of EA must agree
with the current logic level at that pin in order for the device to function properly.

Once programmed, the lock bits can only be unprogrammed with the Chip Erase opera-
tions in either the parallel or serial modes.

¢ Bit Protection Modes'"?)

Program Lock Bits

LB1 | LB2 LBR2 Protection Type
8] L U Mo infernal memory bck feature,
P u L MOVE insTructions executed from exdarnal program memory are disabled from ielching code bytes from
Irternal mamary, EA is sampled and tatched on reset and further programming of the Flash memorny
[paraliel or seral mode) s disabled.

P P u Same as Mode 2, but paratisl or seral verify are also dizsabled.
P P P Same a5 Mode 3, b esternal execution i also disablad.

1. U = Unprogrammed
2. P = Programmed

AT G R D
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gramming the
sh and EEPROM

Atmel's AT89SB252 Flash Microcontroller offers BK bytes of in-system reprogrammable
Flash Code memory and 2K bytes of EEPROM Data memory.

The ATBISB252 is normally shipped with the on-chip Flash Code and EEPROM Data
memory arrays in the erased state (i.e. contents = FFH) and ready to be programmed.
This device supports a High-voltage (12-V Vppe) Parallel programming made and a Low-
voltage (5-V Vo) Serial programming mode. The serial programming mode provides a
sonvenient way to reprogram the AT8858252 inside the user's system. The paralle! pro-
gramming mode is compatible with conventional third party Flash or EPROM
prOGrammers.

The Code and Data memory arrays are mapped via separate addrass spaces in the
serial programming mode. In the parallel programming mode, the two arrays occupy
ona contiguous address space: 0000H 1o 1FFFH for the Code array and 2000H to
27FFH for the Data amray.

The Code and Data memary arrays on the AT89S8252 are programmed byle-by-byle in
either programming mode. An auto-srase cycle s provided with the self-imed program-
ming operation in the serial programming mode. Thera is no need to perform the Chip
Erase operation to reprogram any memaory |ocation in the serial programming mode
unless any of the lock bits have been programmed.

In the parallel programming mode; there is no auto-erase cycle. To repragram any non-
blank byte, the user needs to use the Chip Erase operation first o erase both arrays.

Parallel Programming Algorithm: To program and verify the AT8858252 in the paral-
lel programming mode, the following sequence is recommended:
1. Power-up sequence:

Apply power betwsan V.. and GND pins.

Set RET pin to *H"

Apply 2 3 MHz to 24 MHz clock to XTAL1 pin and wait for at least 10 milliseconds.
2, SetPSEN pinto"L"

ALE pin to “H"

EA pin ta "H™ and all other pins o “H".

3. Apply the appropriate combination of "H" or "L" logic levels to pins P26, P27, P36,
F3.7 to select one of the programming operations shown in the Flash Programming
Modes table.

4, Apply the desired byle address to pins P1.0 to P1.7 and P2.0 to P2 5.
Apply data to pins POLO 1o PO.T for Write Code operation.
§. Raise EAV~ 1o 12V to enable Flash prograrmming, srase or verification.

6. Pulse ALEfPROG once to program a byte n the Code memory array, the Data mem-
ory array or the lock bits. The byle-write cyele s self-timed and typically takes
1.5 ms.

7. To verify the byte just programmed, bring pin P27 to "L and read the programmed
data at pins P0O.0 to PO.7.

8. Repaat steps 3 through 7 changing the address and data for the entire 2K or 8K
bytes array or until the snd of the object file is reached.

9. Power-off sequence:
Sel XTALT to "L".
Set RST and EA pins to "L".
Tum Ve power off,

—‘ ! 23
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In the parallel programming mode, there i no auto-erase cycle and to reprogram any
non-blank byte, the user needs to usa the Chip Erase oparation first to arase both
Arrays.

Data Polling: The ATBAS8252 features DATA Polling to indicate the end of a byte writs
cycle, During a byte write cycle in the parallel or serial programming mode, an
attempled read of the last byte written will result in the complement of the written datum
an PO.7 {parallel made), and on the MSE of the serial output byte on MISO (serial
mode). Once the write cycla has been completed, true data are valid on all cutputs, and
the next cyele may begin. DATA Polling may begin any time after a write cycle has bean
initiated.

Ready/Busy: The progress of byte programming in the parallel programming mode can
also be monitored by the RDY/BSY oulpul signal. Pin P3.4 is pulled Low afier ALE goes
High during programming {o indicate BUSY. P3.4 is pulled High again when program-
ming is done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been programmed, the programmed
Code or Data byte can be read back via the address and data linas for verifization. The
state of the lock bits can also be verifiad directly in the parallel programming made. In
the serial programming mode, the state of the lock bits can only be verified indirectly by
observing that the lock bil features are enabled.

Chip Erase: Both Flash and EEPROM arrays are erased electrically at lhe same time.
In the parallel programming mode. chip erase is intisted by using the proper combina-
tion of control signals and by holding ALE/PROG low for 10 ms. The Code and Data
arrays are written with all "1"s in the Chip Erase operation,

In the serial programming mode, a chip erase operation is initiated by issuing tha Chip
Erase instruction. In this mode, chip erase is self-timed and takes about 16 ms.

During chip erase, a serial read from any address location will return 00H at the data
outputs,

Barial Programming Fuse: A programmable fuse is available to disable Serial Pro-
gramming if the user needs maximum system security. The Serial Programming Fuse
can anly be programmed or erased in the Parallel Programming Mods.

Thae ATB9S8252 is shipped with the Serial Programming Mods enabled.

Reading the Signature Bytes: The signature bytes are read by the same procedure as
a normal verification of locations 030H and 031H, except thal P3.8 and P3.7 must be
pulled to a logic low. The values retumed are as follows:

(030H) = 1EH indicates manufactured by Atmel
{031H) = 72H indicates 8353252

Every code byte in the Flash and EEPROM arrays can be written, and the entire array
can be erased, by using the appropriate combination of contral signals. The write opera-
tion cycle is self-timed and once initiated, will automatically time itzelf to completion.

Most worldwide major programming vendors offar support for the Atrmel AT micmocon-
troller series. Pleasa contact your local programming vendor for the appropriate
software revision.

ATE89S58252 memesseessees—————————————
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In the parallel programming mods, there is no auto-erase cycle and to reprogram arny
non-blank byte, the user needs to use the Chip Erase operation first to erase both
arrays.

Data Polling: The AT8358252 features DATA Polling to indicate the end of a byte write
cycle. During a byte write cycle in the parallel or serial programming mode. an
attempied read of the last byte written will result in the complement of the written datum
an PO.7 (parsllel mode), and on the MSE of the serial output byte on MISO (serial
moda). Once the write cycla has bean completed, true data are valid on all outputs, and
the naxt cycle may begin. DATA Polling may begin any time after 3 write cycle has been
initiated.

Ready/Busy: The progress of byte programming in the parallel programming mods can
also be monitored by the RDY/BSY outpul signal. Pin P3.4 is pulled Low after ALE coes

High during programming to indicate BUSY. P3.4 is pulled High again when program-
ming is done to indicate READY,

Program Verify: If lock bits LE1 and LE2 have not been programmed, the programmed
Code or Data byte can be read back via the address and data lines for verification. The
state of the lock bils can also be verified directly in tha parallel programming mode. In
thie serial programming mode, the state of the lock bits can only be verifiad indiractly by
observing that the lock bit features are enabled,

Chip Erase: Both Flash and EEPROM arrays are erased electically at the same lime.
In the parallel programming mode, chip erase is initiated by using the proper combina-
tion of control signals and by holding ALE/PROG low for 10 ms. The Code and Data
arrays are written with all "1"s in tha Chip Erase operafion.

In the serial programming mode, @ chip erase operation is initiated by issuing the Chip
Erase instruclion. In this mode, chip erase Is self-timed and takes about 16 ms.

During chip erase, & serial read from any address location will returm GOH at the data
autputs.

Serial Programming Fuss: A programmable fuse is available to disable Serial Pro-
gramming if the usar needs maximum system security. The Serial Programming Fuse
can only be programmead or erased in the Parallel Programming Mods.

The AT8958252 is shipped with the Serial Programming Mode enahled.

Reading the Signature Bytes: The signalure bytes are read by the same procedure as
a normal verification of locations 030H and 031H, except that P3.6 and PA.7 must bs
pulled {o a logic low. The values returned are as follows;

{030H} = 1EH indicales manufactured by Atmel
{031H) = 7T2H indicates BOSE252

Every code byte in the Flash and EEPROM arrays can be written, and the entire amray
can be erased, by using the appropriate combination of cantrol signals. The write opera-
tion eycle iz salf-timad and once initisted, will automatically time itself to completion.

Mast worldwide major pragramming vendors offer support for the Atmel ATSS microcon-
troller series. Please cantact your local programming vendor for the apprapriate
software revision.

AT8958252 meesssese—————
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Both the Code and Data memaory arrays can be programmed using the serial SPI bus
while RST is pulled to V... The senal interface consists of pins SCK, MOSI {input} and
MISO {output). After RST is set high, the Programming Ernable instruction needs to be
executed first before program/erase operations can be executed.

An auto-erase cycle is built into the self-timed programming operation (in the sarial
moda OMLY) and there is no need to first execute the Chip Erase instruction unless any
of the lock bits have been programmed. The Chip Erase operation turns the content of
every memory location in both the Code and Data arrays inta FFH,

The Code and Diata memory arrays have separate address spaces:

(HHIH 1o 1FFFH for Code memory and 000H to TFFH for Data memory.
Either an external system clock is supplied at pin XTAL1 or a crystal needs o be con-
nected across pins XTALY and XTAL2. The maximum serial clock (SCK) frequency

should be less than 1/40 of the crystal frequency. With a 24 MHz oscillator clock, the
meanimum SCK frequency is 600 kHz,

To program and verify the ATB2S8252 in the serial programming mode, the following
sefquance is recommendad;
1. Power-up sequence:
Apply power between VCC and GND pins,
Set RST pinto "H".
If & crystal is nol connected across pins XTAL1 and XTALZ2, apply a 3 MHz to
24 MHz clock to XTAL1 pin and wait for at least 10 milliseconds.

2. Enable seral programming by sending the Programming Enable serial insiruction to
pin MOSIP1.5. The frequancy of the shift clock supplled at pin SCK/P1.7 needs to
be less than the CPU clock at XTAL1 divided by 40.

3. The Code or Data array is programmed one byte at a time by supplying the address
and data together with the appropriate Writa instruction. The selected memaory loca-
tion is first automatically erased belore new data is written. The write cycle Is self-
timed and typically takes less than 2.5 ms at 5.

4. Any memory location can be verified by using the Read instruction which returns the
content at the selected address at serial output MISO/P1 .6,

5. At the and of a programming session, RST can be set low to commence normal
operation.

6. Power-off sequence (if needed):
Set XTALT to "L {if a cryslal Is not used).
Seat RST 1o "L"
Turn V., power aff.

e l 25

ICAO-11/104




AlmEL

ial Programming The Instruction Set for Serial Programrring follows a 3-byte protocol and is shown in the
ruction following 1=ble:
uction Set
Input Format |
Iruetion Byte 1 Byts 2 | Byte3 | Operation
gramming Enable 1010 11060 0101 0011 ! o0 ooor | Enable serial programming interface after RET goes high,
p Efiaé 1010 1100 | xoxx100 | xoocxoox | Chip erase both 8K & 2K memory arays. o
E's | l_::rada Memary aszas 5001 [y add; o W | Read data from Code memory armay at the seiected address,

The 5 MSBs of the first byte ara the high order address bits.
The low order address bits are in the second byte. Data are
avaiiable at pin MISO during the third byte,

ita Code Meamory aaas a010 o ad.d.r. data in Write dala to Code memory location at selected address. The
| address bils are the 5 MSBs of the first byle togelher with the
_ second byte.
3 Data Memory 00aa a1 lewwe scledr wooe o | Read data from Data memory amay at selected address, Data
are available at pin MISO during the third byte.
ite Data Memory 00aa ai10 ey el deta in | Whrite data to Dala memory location at selected address,
te Lock Bits 1040 1100 Egmx:‘lﬂ oo oo | Write lock bits.
233 Set LB1, LB2 or LB3 = 0" Io program lack bits.

s 1. DAIA polling |s Used 10 Indicaie the end of a byte wite cycle which typleally takes less than 2.5 me af v,
2. "asEaa” = high order address,
3. """ =don't cars.
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sh and EEPROM Paralle! Programming Modes

| o Diata D Addrese

] RST | PSEN | ALEPROG | EAN.: | P28 | P27 | P3G | P37 FO.7:0 P25:0 170

al Prog, Modes H hiti hi! x

i Erase H L [FRoA 12 H L L L X X

& (10K bytes) Memory H £ | o 12V L H H H DIN ADDR

d (10K byles) Mamory H L H 12y L L i H DOUT ADDR

|

& Lock Eits: H L o 12w H L H L DN X
Bil - 1 POT=0 X
Bit-2 | PO = 0 X
Bil- 3 POS=T X

o Lock Blts: H L H 12y H H L L oouT %
Bit - 1 @@Pn.2 %
B -2 &@PoA %
Bit - 3 ' P X

id Atmal Code L H 12v L L L L oouT 30H

d Davice Coda L 12Y L, L L L pouT 31H

al Prog. Enabie H L [ 12v L H L H | PoO=0 X

al Prog. Disable H L[ e_i8 12v L H L H | POO=1 X

d Senial Prog. Fuse H L H 12 H H L | H @PD.0 ¥

i 1. "h=weakly pulled “High™ internaliy.

2. Chip Erase and Serial Programming Fuse require & 10 ms PROG pulse. Chip Erase naeds o be performed first before
reprograrmiming any byte with a content othee than FFH,
3. P34 is pulled Low during programming o indicate ROY/ESY,

4. "W =dont carne

ICRD 11103
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re 13. Programming the Flash/EEFROM Memary Figure 15. Flash/EEPROM Serial Downloading
ik .0V 1o 6.0V
ATBISH252 o ATEOS52 T
appr. AL ATy by Veo || Vs
JOROriZTFEH » P20 - P25 PO Je— FoM
A8 - A1a| ' DATA
= INSTRUGTION e
= P26 s INPUT :
EE FLASH ALE t«—— PROG 5
SCRAMMING P27 DATA OUTPUT &MISO
MDES TABLE — P36 CLOCK IN — P1.7/5CK
P3.T
KTALZ EA [— V. . A2
24 MHz I 3-24 MH.‘zJ_ ki
= e Pid |—» ROY! | E
BEY "' —|-
) ' XTAL1 RET l& v,
* | GND PSEN
—

XTAL1 RST f— V,, P

+— GMHO
e

re 14. Verifying the Flash/EEFPROM Memary

BV
ATBEISB252 o
ADDR. 2D - ARl by Y
JI00HZFFFH PGM DATA
P20 - P25 FO | (USE 10K
BNt PULLUFS)
— » P3R
SEE FLASH | — | pp7 HE Vi
ROGRAMMING e
\ODES TABLE | — *
M FAT
XTAL2 EA [¢— Vi

-'-1|h.l1h.': J.
]

—| ATAL1 RST

- ¥
* GHND PSEN
- I

F N = B s oy A ——

a0 FMICRO-11/02
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sh Programming and Verification Characteristics = Parallel Mode

D°C to 70°C, Ve = 5.0V £10%

el Parameter

Min Max Units

Programming Enable Vollage

Pragramming Enable Current

1.5 125

1.0 ma

24 MHz

Oscillator Freguency
Addrass Setup o PROG Low
Addrass Hold after PROG

4Bl o

Ay oy

Data Setup to PROG Low

Illaf'ﬁ'-.lT--I-

Dk Hold after PROG

A48ty oy

| P2.7 (ENABLE) High 1o Ve

A8 ¢y

Vop Setup to FROG Low

10

PROG wWidih

110

Address to Data Valid
EMABLE Low to Data Walid

'q'a'tﬁi.ﬁ..

48ty e

Crata Float after ENABLE

HBte oy

PROG High to BUSY Low

1.0

Byte Write Cycle Time

210 Ms

sh/EEPROM Programming and Verification Waveforms — Parallel Mode

.0 - P1.7
20 - P25

PROGRAMMING
ADDRESS

: DATA 1N

FORT O

towar  tarHox

ALE/PROG

| VERIFICATION
l (" ADDRESS

-

*— Loy
e
. DATA OUT

e

* tarax

ﬁ"I""IIIF'F'

P27 _
(ENABLE)

P3.4

RCYMBSY)

ICRO-11/T00
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ial Downloading Waveforms

SERIAL CLOCK INPUT
SCHP1.7 ===

SERIAL DATA INPUT

MOSIP1.5 Msel 1 i =1
I
SERIAL DATA OUTPUT |
MISOP1.6 Mse | | | [ liss|

ial Programming Characteristics

re 16. Serial Programming Timing

MOSI

X X
tovsk

sHox LsisH
sck N\ QK_/_\‘C’/
lgnsL

wso XXX

SN,

L
3
L
L 4

\

*11. Serial Pragramming Characteristics, T, = -40°C to 85°C, V. = 4.0 - 8.0V (Unless Otherwise Nated)

ol | Parameter Min Typ Max | Units
o | Oscillator Frequancy o 24 MHz
. Oscillator Period 416 | ne
. SCK Pulse Width High 24 ooy e
] SCK Pulse Width Low 2ige ' ns
4 | MOS! Setup o SCK High | teleL e i
« | MOSIHoid after SCK High 2l . - ns

AT8958252 m—————————
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solute Maximum Ratings*

rating TEmPEratUrg ..o e i

ane Tempersture .o

=53"C fo +1258°C

-B5°C to +150°C

*NOTICE;

Stresses beyond those listed under “Absolute
Mazimum Ratings” may cause permanent dar-
age to the device, This is a siress rating only and
functional operation of the device at these or any

Bge on Any Pin other conditions bayond those indicated in the
Respect 10 Ground .o - 1OV B #7004 operational sections of this specification is not
. ) implied,. Exposure to absoluta ragimun rating
dmum Oparating Voltage ... . - GGV conditions for extended periods may affect devics
reliability.
QUEPUIL Gk, i i i e 150 MUA,
Characteristics
values shown in this table are valid for T, = -40°C to 85°C and V.- = 5.0 £ 20%, unless oltherwise nated.
bl Parameter Condhtlon Min Max | Units
Input Low=voltage (Excepl EA) -0.5 0.2 Vge-01 U
Input Low-wnitage (EA) -0.5 0.2 Voo =03 ¥
inpust High-valtage {Excegt XTAL1, RST) 02 W +0.0 Woo+ D5 v
Input High-voltage {¥TAL1T, RET) 0.7 Ve Ve + 0.5 v
Dulput Low-voliage o = TEmA 05 Y
(Forts 1,2,3]
Cratpaut Low-voitage Iy =3.2ma 0.5 W
(PO D, ALE, PSEN) .
Cutpul High-voltage lon =-B0 pA, Vop =5V £ 10% 2.4 | ¥
{Ports 1.2.3, ALE. PSEN) o 25 A 0.75 Ve =
gy = -10 A 08V W
Dutput High-voltamge |y = -BOD A, Vo = 5V £10% 24 W
(Part Oin External Bus Mode) Iy = 300 i 0.75 Vo v
lay = «BO pa 09V W
Legieal D Inpul Currant {Portz 1,2,3) Wy = 0.45Y -50 A
Laglcal 1 te 0 Transition Current {Ports 1,2.3) Vi = 2V, Ve = BW £ 10% -BED A
| input Leakags Curent (.45 < Vg < Vg 0 1A
| (Port 0, EA)
i Raeat Pull-down Resistor 4] 300 K
B Fin Capacrance TestFreq. = 1 MHz. T, = 258°C 10 pF
Pawsar Suppdy Curmant | Active Mode, 12 MHz 2% mé
Idle Mods, 12 MHz 6.5 ma
Power-down Mode Ve =BY 100 L
Ve =3V | 40 [
1. Under steady state (non-transient) conditions, 15, must ba extemally limited as follows:
Maximum | par port pin: 10 mA
Masimum I, per 8-bit port: Port & 26 maA; Ports 1, 2, 3, 15 mA
Medinum total i, for 2l outpat pins: 71 ma
If Iy excaads the lest condition, Vi, may exceed the related specification. Pins are not guaranteed to sink current greatar
than the listed test conditions,
2. Minimum V. for Power-down is 2V

ICRD 11103
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Characteristics

¥ oparating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Ioad capacitance for all other
its = 80 pF.

rrnal Program and Data Memory Characteristics

Varfable Oscillator
ibol Parameter Min Max Unitz
e Oscliator Frequency 0 24 MHz
] ALE Pulse Width Dtoy o, - 40 ns
Address Valid to ALE Low oL~ 13 ns
« | Address Hoid after ALE Low P ns
ALE Low to Valid Instruction In Mooy - BF ns
) ALE Low to PSEN Low Yo - 13 ' ns
H Eﬁ_ Ful=a Width Aty =20 n=
i PSEN Low to Valid Instrugtion |n Btpyp - 48 ns
| Ilil.puf.lnsirucmn Hald after PSEN 0 ns
- Input Instruction Floal afier PSEN topp =10 __I'E
: PSEN to Address Valid b ' ns
Address to Valid instruction [n Bl - - 58 ns
. PSEN Low to Address Floal 10 ns |
4 | RO Puse Width Bty - 100 ns
# WR Pulse Width Blg, oy - 100 ns
, RD Low to Valid Data In o Bleve, - 90 ns
% Data Hold after RD o ns
5 Data Float after KD _ ooy - 28 ns |
| ALE Low to Valid Data In Btoy o - 150 ns
' E:Irass ;cn-‘;alid Data I Bty oy - 185 ns
" ALE Lmu'.[u_ﬁ_l;} or WHR Low 3t - 50 ey p +50 ns
. Address to RD or WH Low Moo - 75 ns
5 Data Valid to WR Transtion by, - 20 ne
,-{_ - Data Vatid to WR H|g;1 Ttayq = 120 ns
. Data Hold after WK toir - 20 s
RD Low to Address Float 0 ns
.— RD or WH ngn to ALE High toie - 20 toio +25 ns

04 F-MICRO-11/03
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ernal Program Memory Read Cycle

L —*
ALE . N

— e — s L

""' o e

Lappg ——————————|

1 tLl.l'm"
| — 1 -~
PSEN Y, Ny /\ N
! tsz-

by a— »
| Lo
PORTO _ < AD-A7 47_ INSTR IN _;;f‘}—( AD-A7 O
| e .
M Laviy
PORAT 2 - AB - A15 5. AB- A5

ernal Data Memory Read Cycle

b
ALE b —f -
4" thLH

- = 1|
PSEN 4 T — -
N taen »
— ]
RD e 'me : 4‘7/

— Tpy laHnz

et —w lpiaz—w +—

— trmoy

PORT 0 >=(AD - A7 FROM Rl OR DPL: i —<DATA IN:{’+ A0 - A7 FROM PCL - (INSTA IN

- t.ﬂ.'l.l‘NL
- T—— t.ﬁ‘vD‘u' e
PORT 2 . P20 - P27 OR AB - Al5 FROM DPH | AB - Al5 FROM PGH

ICRO-114830




ernal Data Memory Write Cycle

"7 by —» |
ALE {7 N i ;

— I - "— EE—
| "
PSEN ‘ Ny
— fw wt— by gy —»
| S
WR . l:LLJ"J': —* =
- t,ql.llr|_|_ tCW'l’U'I 4" — |.'_ t'l'ﬂ-llﬂl'.
PORT 0 < A0 - A7 FROM Rl OR DPL\'{ " DATA QUT }’: < AD - A7 FROM PCL>— INSTR IN
Lavwn o
PORT 2  f__ P2.0 - P27 OR AB - A5 FROM DPH < AB - A15 FROM PGH

ernal Clock Drive Waveforms

Ve - 0.6V e e i i + o
g o 7 e ¥ ™
; /T (LR 4}?\ _
: i
S 1 1 ST S R L) / |
145y ——

i tf_.‘L_G}:
N — tao »

ernal Clock Drive

Ve = 4.0V to 6.0V
ibol | Parametar Min Max Units
oL Cscillator Frequency 0 24 MHz
| Clock Period ' 416 s
High Tmu 15 ng
Low Time - 15 . N ns
Rise Time - . 20 ' ns -
h_ FE“!I .'I'r'n& - 20 ns

AT 80 825 I ———
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ial Port Timing: Shift Register Mode Test Conditions
/alues in this table are valid for V. = 4.0V to 6V and Load Capacitance = 80 pF.

Variable Osclllator
wbol | Parameter Min ' Max | Units
| Serial Port Clock Cycle Time TP us
H Dutput Data Setup fo Clock Rising Edge 100y y - 133 rls- o
% | Output Data Hoid after Clock Rising Edge ' Ptoyey - 117 ns
- | Input Data Hold after Clock Rising Edge - o . ns
x| Clock Rising Edge to Input Data Valld 10taye - 133 ns

ft Register Mode Timing Waveforms

INSTHUCTION | a | 1 | 2 | 3 [— | 5 | I+ | 7 | a i
o | O % ] B A o e o B o Gl O e Y 6 oy el i

il " b

FROCK o e e =g A T L T
T i._—: -— txl-:)x
S0

WRITE TO SBUF, A T TNE @ TWE 4 % B o B % T
4 — |-'—t
DUTPUT CATA ooy [+ e ser
| CLEAR AL §
PR
INPUT DATA

Testing Input/Output Waveforms'"

Vep = DAY % _-,—WD.EU —
N N
X TEST POWTS /
7N 02 Vop - DY i
.45V i o btk i g

1. AC Inputs during testing are driven at V.. - .5V
for a Ingic 1 and 0.45V for a logic 0. Timing measurements are made at Vi, min. fora logic 1and V), max. for a logic 0.

at Waveforms!')
Voo I11'n"f_,_* "-hkj.rm_- LAY
¥iasn — Tming Reference
H\. Rl 2
Vioad MY R ki

1. For liming purposes, a port pin is no longer fiuating when a 100 mV change from load voltage accurs. A port pin bagins to
fioat whan a 100 m¥ change from the loaded V'V, level ocours.

e ———————— —— 3 El 35
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ATBYSB252
TYPICAL ICC (ACTIVE) at 25°C

o T
T ! —
C 6
¢ 12
m |
A B 'r_____..-—-"'""._ —--"'"FF'FHHF
) ol £=
‘] |
1] 4 8 12 16 20 24
F (MHz)
ATB958252
i TYPICAL ICC (IDLE} at 25°C
i T Vo =00V
JID — /
I
C 3.2 ___,..-r"'"_'_.‘_ == I/’Fp-l
€ 24 e L Voo =50V
m .--'""._'_FFF "_'-.‘-F._ I
AT _.74 -
08 _H___,,...— !
0.0 |
0 4 2 12 16 20 pI1
F (MHz)
ATAS8252
TYPICAL ICC vs. VOLTAGE - PCWER DOWHN (85°C)
20 s

¢ —

e / |
M
A g /

a.0v 4.0V a5.0v .04
V.. VOLTAGE

Medes, 1, XTALI tied to GND for loc (power-down)
2. Lock bils programmed

AT 805825 e —————
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iering Information

AHz) Supply Crdering Code Package Operation Range
4.0V to 5.0V ATB958252-24A0 445 Commercial
ATBISAZ52-244C 44) {0°C ta 70C)
54 ATJ}Qﬁ?ES%-EWC | 40PE .
4.0V to 5.0 ATB9SEZ52-2481 4448 Indusztrial
ATBISE252-24.01 444 {-10FC to B5°C)
ATBI958252-24P| 40PE
Package Type

44-laad, Thin Plastic Gull Wing Guad Flatpack (TOIFP)
44-lead, Plastic leaded Chip Carrier (PLCC)
| 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)

S —————— El 37
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tkaging Information

~TQFP
C(AFECERTTLY
PINT._[a ;;.
% \\ s
= PIN1IDENTFER
- :*_’:\ .- : L E1 E
‘ Tf[ 101 JllJﬂ |I [T I !
- g —
. D i
C prae . i
* L wd L

COMMON DIMENSIONS

(Uinit of Measure = mm;

SYMBOL| MIN HOM MAX | NOTE
o) | - 1.20

Al h05 - 015
AZ 098 100 1.08

o | 1175 | 1200 1226

o1 2.80 10,00 | 1040 | Mote 2

E 11.75 1200 | 1225

Notes: 1. Thes package conforms to JEDEC refarence MS-025, Varstion ACE.
2 Dimansions 01 and E1 do nof inciude meld protrusion. Allowabie E 8.80 | 1000 | 1010 | Note3

protrusion s 025 mim par side. Dimenzions 01 amd E1 are maximam a 0.3 = 0.45
plastic bady size dimensions including maokd mismatch.
3. Lead coplanarity is 010 mm mazimum. B 049 ¥, .20
L 45 - 075
a 0.80 TYP
1082001
TITLE DRAWING NO, |REY.
2325 Orchard Parkway . TRt
San Jose. CA 95131 4448, 41-lead, 1_|:]x1ﬂn'u113|}d}r5|z&, 1.0 mm Body Thickness, 14 B
; 0.8 mm Lead Prich, Thin Profile Plastic Cuad Flat Package (TQFP)

AT8958252
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- PLCC
: : 1.14(0.045) X 45
b Eak _rm m;_:m | e J21BI010825)
' o B8 ;-;,Flll-l £ i J--—| _:_:_:— L]
.x o | { 2
* C | L
i .
T - oy
2] ol __J.- -
. J e L Ef E il D2E2
* C ad ( o
—1r a e
_.il: |:| o +
L | | S
B o i d Lo S "']::-_r-'-’lf
| 0] —| e
— ) o — A1
1
IR A N TETAT A "‘
1
L HHRERTN -
1
= Haoema]
) i ]
D e
LEIODA0MAY T -
45T MAX (AX) T C
| ]
1 j 1) F COMMON DIMENSIONS
e ~—£ b - (Uil of Measure = mm}
T SYMBOL| MIN NOM MaX NOTE
A 4.181 - 4.572
Al 2,286 - 3.048
AZ . 0.508 - =
] 17.305 - | 17553
n}] '15.5’3_10 - 16.662 | Note 2
_ o E 17.398 - 17,653
Motes: 1. This package conforms o JEDEC refarence MS-018, Varistion AC
2, Dimensions D1 and E1 do not Inclede mold protrusion, E1 | 18510 — | 16662 | Note 2
Allowable protrusion is 01000254 mm) per side. Dimanaion D1 ez | 14988 = 16.002
and E1 include mokd mismatch and are measured at the extremes I
mastarial condiion at tha uppar or lower pesting Ime. B 0.660 = 0.813
3. Lead coplangrity is 0L004" {0, 10 mm) maxemum B1 0330 - 0.533
a 1270 TYP
10/04401
sk o) e TITLE DRAWING NO. |[REV.
rcha riway ; : :
San Jose, CA 95131 44.J, 44-lead, Plastic J-leaded Chip Camier (PLCC) a4 B

AIMEL
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7 .

6 - PDIP
= R PIN
1
[0 (OO OO (O
| }
/ ¥, ( -
L { 4
T ST T T T T YT .
J'-".

I Ef’ a ARFFAF
iy #I L )

|—|-—-E—-—

COMMON DIMENSIONS
-Ii—ﬂlh - 158% REF {Unit of Measura = mim}

xﬁ/ SYMBOL| MIN NOM MAX | NOTE

e g —] A | - 1 - Jams| |

A1 0.381 - -

(] 52.070 - 52578 | Mote 2
B 15240 - 15875

E1l 13 462 = _.-.:IE'?\_T.U_., Mote Z |

8 1358 = 0,559

B1 1.041 - 1.651

Meotes: 1. This peckage confarms 1o JEDEC reference MS5-011, Vanaiion AC, L
2. Dimensions O and E1 do nol include mold Flash or Protrusion. L 3048 - 3.588
Moid Flash or Pratrusion shadl not exceed D25 mm (0.0107),

c |23 | - | 038 i
eB | 15494 | - [ 17526 |
| e 2540 TYP
OA28107
2508 Drcnard Partwey | | DRNINGNG. TR
iEL ars Panway | 4ope, 404ead (0.600715,24 mm Wide) Plastic Dual
== San Jose, CA 95131 | iine' Package (PDIP) L B

JA T 810 S 8 2 5




IMEL

i

nel Corporation
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el: 1(408) 241-0311

ax: 1(408) 487-2600

gional Headquarters
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loute des Arsenaux 41
‘ase Postala 80
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Atmel Operations
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Tel: 1(408) 441-0311
Fax: 1(408) 436-4314

Microconitrollers
2325 Orchard Parkway
San Joss, CA 95131, USA
Tel; 1(408) 441-0311
Fax: 1{408) 4364314

La Chantrerie

BF TO&02

44306 Nantes Cedex 3, France
Tel: {33) 2-40-18-18-18

Fax: (33) 2=40-18-19=60

ASICIASSPiSmart Cards

Zone Industrielle

13106 Rousset Cadex, Francea
Tal: (33) 4-42-53-60-00

Fax: (33) 4=42=53-60-01

1150 East Chayenne Min. Blvd.
Colorado Springs, CO B0806, USA
Tel: 1({713) 576-3300

Fax: 1(719) 540-1752
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Tel: (44) 1356-803-000
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BP 123
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