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MACH CHUYEN BOI ADC SONG SONG

Nguyé&n Hitu Phuong - Bui Trong Td
Trudng Pai Hoc Khoa Hoc Ty nhién
(Bai nhdan ngay 23/05/1998)

TOM TAT: Trong thé gidi tu nhién, di lidu hién hitu § dang tudng ty, trong lic cdc phudng
tién Iuu trif, x& 1§ va truyen tdi déu thudc k¥ thuét s§ (méy tinh, vién théng ..). Do d6 ching
ta cin cdc mach chuyén ddi tudng ty sang s (Analog to Digital Converter — ADC). Ngay
nay céc ting dung doi héi t6c do chuyén ddi ng Ay cing cao nén nhidu mach tich hdp ADC t6c
dod cao (goi Flash ADC, Video ADC, ..) da dudc san xual. Trong d& tai ndy, ching t6i nghién
citu vide ding nhiu mach ADC don phé bign ¢6 tdc do trung binh, gid ré mic song song
nhim dat d&n t8c d6 chuyén d6i nhanh hdn nhidu. TY bd nhd clia méy tinh, dif liéu nhi phin
dudc diung dé t4i tao dang séng tudng ty 1én man hinh mdy tinh hodc xuét ra mach DAC
(chuyén déi s& sang tudng ty), loc va khué&ch dai ma ciing cho tin hiéu tudng twra. BE dim
bao cic mach ADC ddn két thic chuyén déi theo ding trinh ty, s& mach ADC t&i da c6 thé
mic song song 12 khodng 5, tic t8c dd chuyén ddi dudc tang 1én 5 fan. Bling céch kich hoat
cdc mach ADC theo céch khic va thay ddi sy digu khién doc, s6 mach ADC mic song song
c6 thé tang 1én theo ¥ mudn, lic bdy gid c6 1& may tinh phai doc dif lidu theo cd ch€ DMA.
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Hinl I1: Su dé khéi mach chuyén dii song song

1. MACH CHUYEN POI SONG SONG:
Nhu da d& cap trong phan gidi thiéu, dé ting t6c d6 chuyén d8i chiing t6i da thiét k&
mach ADC song song. Cu thé chiing t6i dd ding 4 mach ADC 0809 mic song song vdi
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nhau. V& hinh thic 12 song song nhung that ra cd ch& chuyén d6i 1a g6i dau nhau nhu dudc
trinh bay trong hinh 1. Sau d4y 12 md ta vin tit chdc ning va hoat dong ciia cdc khdi:

e Mach lgc:

Khéu xit Iy d3u tién 12 loc théng thap tic ddng 1én tin hiéu tudng tu vao nhim loai bd
c4c thanh phin tin s6 cao hon mot gi6i han chon trudc d€ tranh hién tugng biét danh
(Aliasing). Tan s& gi6i han ndy phai nhd hon phén nita tin s6 14y mau si dung & mach
chuyén d6i ADC. P& cho viéc loc dudc hidu qua, thudng ching ta phai ddng mach loc béc
8 hozc hon, tuy nhién & day v6i muc dich thi nghiém ching ta ddng mach loc Butterworth
béac 4 dua vao khuyéch dai thuét todn TLO84.

o Mach I4y mu va giit (Sample and Hold, viét tdt S&H):

Khi tin hiéu bién thién nhanh so véi téc dd chuyén d6i cia mach ADC chiing ta phéi
ding mach 14y miu va giit trvéc mach chuyén d8i nh&m giit cho tin hi¢u twong ty khdng bi
thay d6i nhigu trong qu4 trinh mach ADC ti€n hanh chuyén d6i, ddm bdo sy chuyén déi
dudc chinh xéc. g day chiing ta ding bat tuong tr ( Analog Switch) CD4066, khuéch dai
thut todn TLO84 va mot tu dién luu giit cho mdi mach 18y méu va giit. Mach S&H dudc
trinh bay trong hinh 4: khi ¢6 xung dudng vio chén 13 thi CD4066 md trong thdi gian vai
us dé dién th€ tuong tu dén nap( hay x4 ) dién cho tu luu ¥ C39. Khué&ch dai thuét to4n
TLO84 c6 trd khéng vio rt 16n d€ giit dién thé cho tu.

e Mach tao Clock va Stast

Mach dao déng ding céng ddo 74LS04 va thach anh 4 Mhz ciing v6i mach chia 4
ding 741L.8393 tao ra tin hiéu Clock 1 Mhz. Tan s6 nay dudc chia xuéng bdi cdc mach dém
thap phén 7418390 dé€ dat dugdc fan s8 10 khz ( chu ky 100 ps). Tin hiéu vudng & tan s6 10
Khz nay dudc goi 12 tin hiéu Start. TU tin hi¢u Start nay ching ta s€ tao ra céc xung can
thi€t cho cdc mach S&H va ADC.

e Mach tao cédc xung nap di¢én va Start

B6n mach ADC cila mach chuyén déi song song thuc hién theo ki€u g&i dau nhau:
Mach ADC 1 bét dau chuyén d6i thi 25ps sau mach ADC 2 bit dau chuyén d6i,... Khi ADC
2 bit dau chuyén déi thi ADC 1 vin cdon dang chuyén d6i..

100pus
- >

l \ Stant 1 cho ADC 1
e :
25ps ] 1 Start 2 cho ADC 2
"‘: ! Start 3cho ADC 3
—
25ps I ‘ Start 4 cho ADC 4

Hinh 2: Cde xung Start lén et cho 4 mach ADC

Hinh 2 trinh by su tuiin ty v2 tuiin hoan céc xung Start. Trong mach ching ta s€ st
dung céc mach tri hodn d€ tao dudc céc xung cin thi€t. Py 1a cong viéc cia cdc vi mach -
dao dong don 6n 74L.S123. Hinh 3 trinh bay qué trinh tao cdc xung cho mach ADC 2. Tin
hidu vuéng Start & tan s& 10 Khz di vao mach tao xung nap dién cho mach S&H 1. Tin
hiéu Start nay dugc 1am cham di 25 ps bdi 74LS123/1 rdi nén dang xung bdi 74LS123/2
dé tao xung nap dién cho mach S&H 2 . Ra ctia 74LS123/2 ciing dugc dua d€n 741512373
dé c6 dd rong xung phd hgp 1am xung Start 2 cho ADC 2. Mach 741.S123/4 nhan xung béo
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két thic chuyén d8i EOC cia ADC 2 va tao xung phd hdp cho ngd "cho phép ra" OE cia
chinh ADC2.

uz28 *ii:\\ MACH ADC 2 . D
u1iD
0 12 1] i e Y E
AT Lot THoNG THAE >—4d{a B T + 14 IN2 TN s s L4z o
< ]cgg INL o1 4 r\l
L 402 15 TLOR4 INZ oz [
< coaoesfy = 3 N3 032
Mioa INa 04 M
ﬂizﬂ CEXT INS oS
12K ) cio Nap dien {:ﬁ EE by o
1g2 > - ; A
REXT /CEXT i REF~ a0 ég__l_
| REF— al
Y P | s H
B EE >0 %ok T
_L é_}c CLR g STaPT
9 START2
oF ALE
=ucCc YALSIsYSZ 71 Eoc G
Thei sian xung vai us abfoBaa H
0
vee vge
: uss o[58 e T
S.6K . :I: o, 32 -t : cEXT D
REXT /CEXT REXT/CEXT gfanra e U
T 35 a o f—=2- — a o (43 REXT/CEXT
: {8 B
' =12 [~ ¢ - 17
| é—l-lc CLR ] | é—ﬁc CLR 3 — a ° =D |
; =U¢c TALZIIIAL = véc TALTIZIY ..Lé—}c':L 5l a 1
f Tri hoan 2S5us Tao mung Start cho ADC 2 =WCe rAL=L23-4 E
U

HINH 3: TAO XUNG CHO MACH ADC 2

Xung Start 2 dugc dwa qua cdc mach don 6n tudng tu nhtt trinh bay & trén dé tao xung
nap dién cho mach S&H 3 va xung Start 3 cia mach ADC3. Xung nap dién cho mach S&H
4 va xung Start 4 cho mach ADC4 dudc tao tif xung Start 3 theo cing mot cdch. Xung nap
dién cho mach S&H 1 va xung Start 1 cho mach ADC 1 dudc tao ra tf tin hi€u vubng c6
tén Start ¢ 10 Khz (chu ky 100 ps).

Nhu vay cdc mach ADC dudc kich hoat tufin tu va quay vong véi chu k¥ 13 100 ps.

2. GIAO TIEP MACH CHUYEN POI VOI MAY TINH:

Céc dudng dit lidu ra clia c4c mach d6i ADC1 d&€n ADC4 dudc n8i chung vdi nhau va
dé&n mach chét stt dung IC 74L.S373. (hinh 4) "

PC3

HINH 4: MACH CHOT DU LIEU
vA DIEU KHIEN DOC

C4c dudng EOC clia mach ADC sau khi qua mach ddn 6n dé digu chinh d6 réng
thanh xung OE kich cho mach ADC md ngd ra nhu da trinh bay & phan trude. C4c xung
nay biy gid mang tén CS1 dé&n CS4 va dudc ndi dé€n mach chét nhu thdy & hinh 4. Céc
xung CS1 d&€n CS4 dudc dwa qua cic cdng OR ding 741.532 dé€ khi c6 mdt xung dudng thi
ngd ra cé tén FINISH s& 1én 1 b4o hiéu riing di ¢c6 m6t mach ADC vira d8i xong. Ngo
FINISH néi dén ngd CLK clia FFD ding 74LS74 véi chian D n8i 1én Vee. Khi FINISH
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chuyén t th&p 1én cao (mdt mach ADC vita d6i xong) ngd Q cta FF s€ 1én 1. Trudc tién
mdy tinh doc lién tuc ngd ra Q nay théng qua c8ng PC3 clia 8255, khi thdy 1&n 1 thi may
tinh bi€t 13 mdt mach ADC vira d6i xong va ti€n hanh doc di liéu vao qua Port A cta 8255
dong thdi may tinh x6a FFD théng qua c8ng PC 7 clia 8255 d€ chd Tan chuyén d8i k€.

Sg dd Card giao i€p ding PPI 8255 cdm vao Slot md rong trén méy PC dugc trinh
bay trong hinh 5. Trong sd do nay ching ta da ding céc IC 741.527,741.S00,741.S138
nhiim dinh dia chi cho PPI 8255, cu thé PortA ciia 8255 s& c6 dia chi 1a 280H, PortB c6 dia
chi 12 281H, PortC 12 282H va Control Word 13 283H.
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Hinh 5: SLOT PC & PPI 8255

3. LUU PO CHUONG TRINH:

Dya vao sy hoat dong mé ta & cdc muc trudc, ching ta c6 thé dua ra luu do cla
chuong trinh digu khién mach chuyén d6i nhu & hinh 6.

4. MACH DAC TAI LAP TIN HIEU TUONG TU:

Pé& kiém tra viéc chuyén d6i, chiing ta dua vao hai cdch. Mot 12 t4i lap dang séng tin
hiéu twong tv vao trén man hinh méy tinh t¥ cic di¥ liéu chuyén déi da nhap vao bd nhé
méy tinh. Hai 12 thém vao mach chuyén ddi s6 sang tudng ty (DAC) theo sau bdi mdt
mach loc thong thap phi hop. O céch thi 2 n2y méy tinh vira doc di liéu chuyén déi vao
bd nhé vira xuét ra  PORT B cla 8255 ho#c chi luu di li¢u vao bd nhé va xut ra khi nao
chiing ta mudn. Hinh 7A va 7B 12 toan bd mach chuyén d8i ADC song song k& cd mach
DAC de té] lap tin hiéu tudng ty ban dau.

. 56 LUYNG MACH ADC CO THEE MAC SONG SONG:

Den day ching ta dit ra cdu hdi 1a: v6i nguyén 1y chuyén d6i song song nhu da trinh
bay thi tan sd tin hiéu Clock, tan s8 tin hiéu Start bao nhiéu 12 61 wu? C6 thé ghép song
song bao nhi€éu mach ADC v&i nhau?
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Tai liéu k§ thuat ciia mach chuyén d8i ADC 0809 cho biét tin s8 Clock t61 da clia né
12 1280 Khz. Nhu vay xung Clock t6i uu 12 1280 Khz. Ciing theo tai liéu k§ thuat, thdi gian
chuyén déi 151 thiéu 12 66 chu ky Clock va t8i da 1a 73 chu ky. Do d6 dé€ béo ddm 12 mach
da chuyén ddi xong, ching ta cho thdi gian chuyén ddi 1a 75 chu ky Clock.

Pé trdnh trudng hgp mach ADC dudc kich hoat sau lai d8i xong truéc mach ADC
dudc kich hoat ngay tru6c né, hai xung Start k€ ti€p nhau phéi céch nhau t6i thi€u mot
thdi gian:

(73-66)+ 2= 9 chu ky Clock

Trong cong thic 2 12 s6 chu ky cin dé &n dinh dif liéu. Ngoai ra xem sai 0 tGi da do
tu va dién trd gay ra 12 4 chu ky Clock. Do d6 hai xung Start k€ ti€p nhau phéi cdch nhau
t6i thi€u mot khodng thdi gian 9+4 =13 chu ky Clock. Nhu vay vdi tan s& Clock 1a 1280
khz, v theo cdc méc song song nhu trén thi s& mach ADC c6 thé ghép lai 12 75/13=5
mach ADC. '

Néu 14y xung Clock 12 1 Mhz va xung Start 12 10 Khz thi s6 mach ADC c6 thé ghép

lai 1a 100/13=7 mach ADC.

6. KET QUA
KIidi a0 8255

Khdi tao bién

i

—_'I Clear FFD qua c8ng PC7
}

Poccéng PC3 | =+—

Mot mach ADC
ddi xong chwa ?

Y N

Poc dif liéu vio qua Port A
di miu? «—(Xudt dif li¢u niy qua Port B
ra mach DAC)

V& daug séng
1én man hinh

Hinh 6 : Luu d6 chwong trinh
Chting t6i d4 14p mach chuyén déi tuong tu sang s6 song song theo sd dd khdi & hinh 1, so
db chi tiét & hinh 8, va d3 viét chuong trinh theo lwu dd & hinh 6. K&t qué thi nghiém cho
thdy t6c doc chuyén dbi cla mach ding 4 ADC 0809 mdc song song nhanh hda mach chi
ding mét ADC 0809 bén [an, ding nhu 1§ thuyét.
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AN
[————

Hinh 7A: Mach chuyén déi song song ADC va mach tdi lap tin hiéu tuong tw ADC

V& mit nguyén tic, céch ti€n hanh mach chuyén déi song song theo sd do khéi &
hinh 1 bi han ché vé t8c do vi s6 mach ADC c6 thé mic song song khong cao 1im. D€ s§
mach ADC mic song song dudc 16n hon nhi€u, ching t6i d thi mét mach khéc hoat dong
nhu sau: mach khéa gi6ng v6i dang da trinh bay & trén, diém khéc chinh 12 sau mdi mach
ADC ching t6i ddng mot mach chét riéng thay vi sit dung chung mot mach ch6t, cédc mach
ADC d8i g6i dau nhau, trong vong 75 ps kich hoat hét cdc mach ADC méc song song va 75
us sau khi kich hoat mach ADC dau tién s& ti€n hanh doc tuan ty cic mach chét.
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4 HACH ADC MAC SONG SONG
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Hinh 7B: Mach chuyén déi song song ADC va mach tdi 1ap tin hiéu tuong tie

D3&i v8i mach chuyén d8i nhanh hon ADC0809 ho#c khi ¢6 kh4 nhiu mach ADC
mic song song thi tdc do di liéu khé cao, ldc by gid c6 thé chiing ta phii ding cd ché
DMA d€ doc dit liéu vao qua bus dif liéu.

PARALLEL A TO D CONVERSION
Nguyen Huu Phuong - Bui Trong Tu

ABSTRACT: In nature, signals exist in analog form, while many means of storage,
processing and transmission are digital (computers, communication systems,...). We thus need ADC «
circuits. Today many applications require higher and higher conversion speed and many fast ADC
ICs have been produced (called Flash ADC, Video ADC, ...). In this article we present the parallel
Ato D conversion where a number of popular medium speed and rather cheap 8-bit ADC ICs are
connected in parallel to attain higher speed. Stored data can be converted numerically back to
analog waveform on monitor screen or outputted to an DAC circuit together with appropriate
filtering to restore the analog signal.

In order to preserve the correct sequence of converted data from individual ADCs, the
number of ADCs is limited to about 5 ie the overall conversion speed can be increased 5 times. We
also present a method to increase further the number of parallel ADCs.

Assembled circuit worked well and gave results as expected.
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