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ABSTRACT

The current-mode circuit technique to design a bi-directional current transceiver for
remote control systems and telemetering systems is presented in this thesis. The proposed
transceiver can simultaneously transmit and receive the industrial standard current signal 4-20
mA using two wire connection. The realization method is based on a second generation current
conveyor (CCII) and a current mirror, which can be implemented using commercially available
devices. To demonstrate the performances of the proposed scheme, the transceiver was simulated
by the use of the PSPICE analog simulation program. The simulation results verifying the circuit
performances are agreed with the expected values. The crosstalk of the proposed transceiver of

about - 63dB is observed.
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a1 daadans Tsie ihu o nesiad dayapuildTuuaydeziiu 4 ma uazduiiu 100
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20 mA current
loop generator

active side

passive side

U1 2.1 2995gUnTEUA 20 mA B9

] ¥
vingul 2.1 iWiasesgunszud 20 mA edehe dnnlszaeuiuguvesssginssud
o a d a

20mA 1/52NOUAILUNAININTLUR (current source) HINTNTLUE (current switch) LIAZAINTID

o a o o P @ 1 a o as @

UNIHA (current detector) awarIngnszuavhmihidludidedyanauazdinsniuilugy

Fudyane adunsiiFeuaeauniurassenseuaziFonil d3uueafiW (action unit) on
y £ o ' ! = . . 2

AUNTEONT TIUMadW (passive unif) ANYAZYDINS Inavesnszualuresginszua 20
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ATUNNA?
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% + | / Transmitter
< | l i
|
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loop generator \ I
1 .
} Receiver
3 / _ ‘ ce
. |
Transmitter \ |
— : F
20 mA current I
loop generator ]
1
active side : passive side
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9307 2.2 Wuaeesqunszud (current loop) 20 mA  ldlumssunazdsdagudaoa
t:' o 9 1 o ar o dy ) d? 9 9/ Y =) =) ar
TasnansaiIimsdsdyanuazsudyaainetulandoudy  wielunanfeinu
& 9 a 1o = o s s é 9/6)
F929950sdeserfuunassuianszuaduou 2 ga IFlumssudyauniege wozldlums
1T = A & o 3/ 3/ A U 19 s
dedaanudaniiage Feduiludeldmelumaisoudedogaioiu
' v a 4 A Ty
HaymiduIngfvzifaiuluieesgilnszued 20 maA Aie ms lilidedmuaniasgu
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yoadayauuazglnsol lumsiouas dniulunmsaadwazmareuaod 1 5iuiuediannii
v wa Aq @ A ° v ' £ Y v [
vedoansunuautaveessildlumsdedon hiliees liawsaldanldesiani
2§ Ya " odq W = 4
4719 W lRTnsiauegluvuvensgunszuauuu e legunszua 20 mA Avanvaloiu

arvgraarulugii 2.3

data in
Ul T+
A [E ) T-
62 A U2 data out
R+ A
—L_ current switch 62 7
—  (transmitter)
current generator cunentzetector
(receiver)
R -

51 2.3 299sgUnszuamailegadg
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] b4
vingUft 23 uranasqunszuaiinmufvietiede Tasmsldgunseidail eelld

ﬁ"ﬂlﬂ'ﬂ{ (opto couplers) 2 %A HHAI 0T IAY (voltage source) HAZAIAIUNIY (resistor) Taoh

1y

polTdsminley Ul Fmhiduaindnszuadmiumsdadoya daueedIdmles U2 ¥

o
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wihfikludansandunszuaimalulrsesqinszuaniesudoyn Taviimvesnszuah Inalu
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quunsafiszdnumldasi
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0.2V

VTmn:miHl‘r{ Ul

1.8V
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Amuald v =12V uay R, =470 Q w18
= (12-0.2-1.8)/470

Loop

1 = 21.3mAd

Loop

dwmlaou v, = 60 Vuaz R, =470 @ 92 1@

= (60-02-18)/470 = 123 mA

Loop

uazduaou v, — 5 vV uag R =470 Q 914

= (5-0.2-1.8)/470 = 6.4mA

Loop

vInauni1sh (2.1 dmuald v = 12 V uag Ry = 470 @ minssua 7, zilAuviiy

A = ey U 3 ) 1 4
21.3 mA Llﬂglllﬂl‘i'luﬂ'lili]ﬁUUﬂ'l‘Uﬂw‘l Vs "U'EN'JQ‘U?I.ﬂH 60 VIRY 5V -‘n:mublﬂ’nm

aszua 7, vedrvaszdiantdowiu 123 mA uag 6.4 mA awddy uadudoudl R,

Loop

1 o = 1 = ar
YOINVIANTLUS ], vyoaasnazilasundausuaeinu
R P P Y A " w A 9 A @
asumasInegIinszud 7, ¥99299558AUMAY 20 mA n3alndiReas1v9nas
=1 r-v-% g o o E=Y ﬁ‘.‘i 1]
Ansandtmsiug i lunmssvadSunanszuai lnadmlugilnszuavesisesginszualu
v
UARE I Aatl
1. MINAANTZUTUOINAITIUNTLUA (current generator) NTzUaNIW IR
a a0 c:::; =2 9) ar o a as [
A1U2995g1N52Uan5 9 TAININN 20 mA 29 1FMANNITINUYDIIITNITEAVUTIAY
— o L P 3/ 1, A = P L
AanNIMTTIN lumIsas1aunasnIunssiUanIn (constant current generator) YA 1N150 1%
s ar ar : { Y U Y w ] ] {
2955w szauus sy Idnanuuasiinazuuulsuai 18 dredrusugln 2.4 191e%
ar ar ar Y L] é o s ]
LM317 10129955 nu1sgavussaunuulsuald Faazilvussduanniouuesa9es
UM EIIUNTLUARINTAIET W51 1T Iaud 98I e Tuwee Tod LM317 58M71991 VO fuv)
4

adj HAWIAY 1.25V Feemnsamuiaminsaua 7, ldnnaunisi 2.2)

Lﬂ()p
LM317

vo—wk

62

VI

adj
[

— Vs

I maximum output voltage
Loop
— equal to (Vs - 3v)

31 2.4 290551 aumaenionsuanai 20 mA 2INTTNRITTAULTIAY



1.25
1 = — (212)
Loop Rg

tdmuald v, Iauiiu 12 v uaznszua 1

Loop

Y9995 UAWVNNY 20 mA 92 141

1.25V
Rg = =620
20 mA

@ 3 [y = (- {1 d a0 "W a1 " w

Aaiy ussiugagaiunashonszuansinwldnzlinuiiy ov uaz R, daumiy
62 Q WuAIMruALAZAIIANNTLIAUDIIIUMAIENTZLAAIA IR LA 1,,, Y9929%3i]
AUMINY 20 mA 1UBINT 15U 1909 TuveeTod LM317 58131911 VO fuan adj

AUNINY 1.25V

o ] o @
2. Turaesgunszua wasanvesssAuanaseuvesglnsainndalugl
9 = T o ' [ ar 1 & o ar A:i ] ldy [}
ABALAUNIAVUMAINBUTIAN V na1Ifae gunsaiyndnegluirsesginszuail il
WumdadygrunSedrsudyaaszdosiuseduanasoufianiv gy 29vsaing
. a L4 a o A o o a ::
AFZUA (current switch) AB AINFNIIUTAM0T lavyuzMiuhauaindida siuvziluse
a ' [} y a o =) @ o a o o’.: ]
AuanaseNeylszun 0.2 - 0.3 Viazileaininsudanesmauiuaindiaiuzil
WIIAUANATONNOUNTINFTDIMIADUN AT 1005 IR Y V, AIU99TATIITUNTZUE
P 1 [y a A A A '
(current detector) fin laTeanognislusel Tdnnles Tasfideiinszua lnariuazd
b4
a 1 o e [ o a ' a L4
uIIAUANATENYTENIM 1.2 - 2.0 V AU Tehinissidanszuddiuveddsasaing
o o &4 o a a o
N3z A202995a931U7 2.5 Fuflureeshisanszuavearsrsaindnszua anudu
@ o s Y o = o
nu R ifudadmualusanssualdfunsiugdmnes Q, Tasdrilnszualvalugilan
= =) ' ] v - d o o =
04 20 mA niemInszuagegaluglazimlvinnudmaes Q, iuulavsziinisas
P v o a 0 “ L4 ! o
Tnszuai ludafvnvavensuganes Q vosasmldnsudmans Q, Tt

ATLUANINAIT 20 mA
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(27 K) !
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T-
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Q, wiludgedsimnszuanisluisesgUnszuaunulunsdfinemgeqaveanseum

Simnosvosnnl 1datules

R+ a
Ul data out
Z;
h emitter
Ql
Rg
R- ®

315 2.6 nesTudadyauuuuifanseud

232 29esiuasdysaugUnssuaszuuLeHzasn
a LY 1 3)
2995qUnszudueuzann 4-20mA uglil 2.7 uaasiamsdeldanuieesgl
A o o 3 A 9 1
nszuaueuzasn laoiinglszasduninnsqunszuauouzaen 4 — 20 mA Wuioz 19ds
Y o o ar
Foyanuainglnsainsniudynuueuzasn (analog signal sensor) Tuszoznialna o Tu

o . & s v w S w
sUnupvesdyaIuNTENd (current signal) H99Uns0ingI9YVTYY INLBULADNUUADINIG
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4 { " e 9/ U r. @ r ar
o 2 iy e ¥ lumsdsdyanaueuzasnuaz IHiumassondanuldiugnsalia
[ i o ar o a1 o w 1 do  ar
doanadio Tugiil 27 uwassiouseiu 24 Taad dudswidanuliungunsel fadayann

szozlna TaondaginsalSadyanaeziiudmunuldnsziad Inamolugiiinaamsiines

s

Ao 9/ dar
hinlannginsaiindy

o a

100 15U gUnselindy e lfioniynaszud 4 - 20 mA figaingil

do w o
o U

]

0 — 200 DIFUBDLTOE

V+

remote

loop supply 5( <~ cable to sensor T,
24V

S 8

} ':‘ ! X sensor electronics

v = v
Tweeet hegae”

S S—) ¢ Com
sensor <R sensor
: < R
output signal 3
e

37 2.7 20esginszuauuuueuzann 4-20 ma

yy

2.4 MITUNIUNUITHINMSSUAIT QY

]
LY ar —

LY T = 9 ar 1 =) dy
NMTTUAITUUIULUUTDINANI ﬂujt;qmﬂ'hflumismmzmm%zmﬂmmmﬂu

g o

]
= 1 ar

Weanndygyrunsuniunuwesvesdygyrandwazsulusmoihduga@ordsuiGenn

s é s { = J ar = H '
YN (crosstalk) Fuiudgyanafifiaseniemssuniuvosdaanusunmildds

a

I d A 3/ ar o Y oo o o 3 a a qy
dyyemyni lasunndaionie dlddygraemnninsuldinannuiaiisuves
A Awaalugln 2.8
Jinz ) Signal Transmission Loop FLLE
Transceiver Transceiver
= D
iou.r.l' 1 2 iom
< —>

317 2.8 mssudedyanuaoaniamig

1 o ! ! - ﬂé 1 s {
Mdyymumsndmezey lumboediuagaaunsoman ldasaunmsi (2.3)

’ou.' X

Crosstalk = 20log 23)

)
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q W o a o @
We i, wag i, AONITUAAYY IO MHNUAZIUNNAIWEIAY Y09 Transceiver A1 x
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= 1 as w
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) @ b ' a Vo "9 Yy o = o
Tdmodyaniagiu lumusefivgl45udeyauazdadoya ldnfouaiulunandoiiu
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drdeams I ldan ldwdeuduiniudeunudyanunszuaiudanilagy 1iufmnoiazdog
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o/ kY
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NYHHNMIMNUYDIIDTNEWIUDTEUE

3.1 N

A

¥

a a o I P | o @ ar ' as
WisaninInotiwusatvuiyadu lunsiuauenisesnuuuaisudadyy o

4 4 qw o 4 g9 &
aszuaniagaio e ldluanuaruauuaznisinszez Ina Feadeduainiesdioniu

1 .:; d o a d‘l t:l 9 9 ]
AIZUATUNADY Wugdnseidaglunisesnuuy uazmenszIdithlalunsihavesians
" L4 v .
Anaue aaduluuniaznateiul 1AT9a319 ANN1TNIIUVBIITTUNIUNT LA
& s # o &

nanmInsudaios wiounadinngraersazNounssuauazinsvoronaa AB Tuiyw

YOUUUNSIUTAITES
3.2 1NTMEWIUNTZIE

299TAWWIUNTEUE (current conveyor) Sailugunsaiieniin Aifl 3 wosndeiomi
¥ nusuei1sunIvia1w msizinwsawnunssudausa lslumsdssuadyyiald
WaluTnuausady (voltage mode) 1Az THUANTEUE (current mode)%'ﬂﬁy'aﬁammmﬁw"lﬂ
Uszgndldaulumsesnuuuiniais q 148 nuauie 5 1995 laisiaed (Gyrator) [3], 2993
ﬁ&ff‘ﬁ"uﬂNﬂiﬁﬂmﬁﬂ‘;, awmﬂmmﬁuﬁuﬂwﬁﬁﬂﬂ (generalized impedance converter)
[4], ’Jwﬁﬂimmm?{ (filter) [5] uamwsﬁuﬁﬂmmﬁ' (oscillator) [6] Wudu mnmsiiau
Y991995 A WNIUATTUATUUSN IR IROnANNIsSAIAYAD NI1sdRTHIN IS AU TELE
syndraneinaeanes niilszaumsuRuauT A9t uNIN 9 nd1afenesNEUYNT 1F

a

Y Y] ¢ dAaa = o 1 ; - L4 I3 ¢ da
5']JﬂﬂJﬂJTmLﬂLlWﬂiﬂﬂﬂﬂuﬂﬂﬂuwuﬂucﬁﬂ'lﬂ'm'lﬂ 11‘!1]'0531’1“3571&8’)?11’!7]&14“9‘37]7111
1A = ot @ ] ] d a L4 '3 P
ﬂ'1?]3J°|NLlﬂ‘L!"iﬁ"lT;I'QMWﬂllﬁ%ﬂﬂﬂﬂ'ﬁﬁﬂﬂ']uﬂ‘ixuﬁiﬂﬂW?JS‘VIE)N“V!ﬂulﬂWf)i"ﬂLE]’mﬂ‘ﬂlJﬂ'i
1 LY A =)
mmuwuammqyg
Yo ° é’ 3 =
NITTVUNIUNTEUT "Lﬂumsmmuammﬂuﬂmwnﬁluﬂ .7, 1968 IﬂU A. Sedra ilne
. 1Y a do o A0 w 1Y @ 4:!. & o

K.C. Smith [7] Uszneu Tdenimwdmaessiuou s s Adenuludnvasdagui 3.1 Fusen
' 1 { £ 3 PR ' 1
1 'mewwmmxuﬁ;uﬁﬁm (First-Generation Current Conveyor) uaw%fwa 31 CCI
o Y] L4 Y o A EY o = i a .
dydnval o iWudaus Tsduildunu 17 msiiauvesisesaiugli 3.1 Srauydld
N

= L3 o o o 1
iWu‘ﬁﬁm'ﬂﬁ‘V]ﬂﬂ?ﬁﬂﬂﬂﬂ‘li‘ﬂUwﬂizllﬁvlﬂﬁliﬁ (forward dc current gain :) NYIUINUDLAT
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9 a J 1w 1 ] 1 “ o 1 row
ANUAUMUNAMITA WY ITHUTINTZUAN IR IUNIIUFAReT Q, UM szanauviimy
as J [ [ o a ' a o
NISUT 1, meﬂszmeﬂmnzgﬂmmuTﬂuawam Y UAENWOIN Z INTIENNTTUETIADT Q,,
v 3/ '
o 9/ e '
0, w2 Q, Mmihidursvsazfounszuadaiu i, = =i, HazlD991NNIZUAADAIANINDS

r=Y a 1 " o = :u aa A 1 o &
YoansmFames Q, uag Q, tawnnuivildifaussduadiamesivnuaue 49y

b X
L. R
Y Q2 »———HT"

= o
AU vy = v,

) Z

R1

Q4 ' Q5
Q3
R2
v

= oA & E
3‘1]‘" 3.1 NITMYWIUATEUATUNH ULV UAUT U

e

v 7l oA & 9 ar ~
THunursesmowiunssuaguivii uaaslansgli 3.2

=
o, Y - v
~<—
i CCl Z ©
Vx [E X

s

= a o oA A
3U7 3.2 dyanwaivesenowiunszuagunviia (CCI

Y o P} Y [Y) ¥ 9/ a ::; o 9/ o Yt

NENNIININUVDIIIT AD BITIAUANATOUATUBUNNTIWDTN Y a9z 1N ilus
Y ' 1 o a 13 a o o = w 9 a 1 o d o Vet
Fuaunmtufaduinesn X luviusudernu arlinszua ldwiunesn X nezviaIng
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TuwadmsuTusunsy PSPICE vosluTnarinsmdGanesiildnelusnentinut

TuTwansnsuFmnosiued 2N3904 ias 2N3906

model Q2N3904 NPN

+ Is=6.734f Xti=3

+ Ne=1.259 Ise = 6.734f
+ Nc=2 Isc=0

+ Mjc=.3085 Vijc=.75

+ Vije=.75 Tr=239.5n
+ Xtf=2 Rb=10

model Q2N3906 PNP

+ Is=141f Xti=3
+ Ne=1.5 Ise=0
+ Nc=2 Isc=0
+ Mijc=.5776 Vic=.75
+ Vie=.75 Tr = 33.42n
+ Xtf=6 Rb=10
laToaos 1N4148

model D1N4148
+ Is=2.682n N=1.836
+ Ibv=100p Rs =.5664

+ M=.3333

Eg=1.11
Ikf=66.78m
Ikr=0
Fc=.5

Tf=301.2p

Eg=1.11
Ikf = 80m
Ikr=0
Fc=.5

Tf=179.3p

Isr=1.565n

Tt=11.54n

Vaf=74.03
Xtb=1.5
Re=1

Cje =4.493p
Itf= .4

Vaf=18.7
Xtb=1.5
Rec=2.5

Cje =8.063p
Itf= .4

Ikf= 04417

Cjo= 4p

Bf=416.4
Br=.7371
Cjc = 3.638p
Mje = .2593
Vtf=4

Bf=180.7
Br=4.977
Cjc =9.728p
Mje =.3677
Vif=4

Bv =100
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L.

Amarican Wire Gauges (AWG)

M 3199 A.1 1AITIUa I Amarican Wire Gauges (AWG)

73

Maximum Maximum
AWG | Diameter Diameter Ohms per | Ohms per amps for amps for
gauge Inches mm 1000 fit km chassis power
wiring transmission
0000 | 0.46 11.684 0.049 0.16072 380 302
000 0.4096 10.40384 0.0618 0.202704 328 239
00 0.3648 9.26592 0.0779 0.255512 283 190
0 0.3249 8.25246 0.0983 0.322424 245 150
1 0.2893 7.34822 0.1239 0.406392 211 119
2 0.2576 6.54304 0.1563 0.512664 181 94
3 0.2294 5.82676 0.197 0.64616 158 75
4 0.2043 5.18922 0.2485 0.81508 135 60
5 0.1819 4.62026 0.3133 1.027624 118 47
6 0.162 4.1148 0.3951 1.295928 101 3
7 0.1443 3.66522 0.4982 1.634096 89 30
8 0.1285 3.2639 0.6282 2.060496 73 24
9 0.1144 2.90576 0.7921 2.598088 64 19
10 0.1019 2.58826 0.9989 3.276392 55 15
11 0.0907 2.30378 1.26 4.1328 47 12
12 0.0808 2.05232 1.588 5.20864 41 9.3
13 0.072 1.8288 2.003 6.56984 35 7.4
14 0.0641 1.62814 2.525 8.282 32 59
15 0.0571 1.45034 3.184 10.44352 28 4.7
16 0.0508 1.29032 4.016 13.17248 22 3.7
17 0.0453 1.15062 5.064 16.60992 19 2.9




A13199 A.1 (AD)

74

Maximum Maximum
AWG Diameter Diameter Ohms per | Ohms per amps for amps for
gauge Inches mm 1000 ft km chassis power
wiring transmission

18 0.0403 1.02362 6.385 20.9428 16 23
19 0.0359 0.91186 8.051 26.40728 14 1.8
20 0.032 0.8128 10.15 33.292 11 1.5
21 0.0285 0.7239 12.8 41.984 9 1.2
22 0.0254 0.64516 16.14 52.9392 i/ 0.92
23 0.0226 0.57404 20.36 66.7808 4.7 0.729
24 0.0201 0.51054 25.67 84.1976 3.5 0.577
25 0.0179 0.45466 3237 106.1736 2.7 0.457
26 0.0159 0.40386 40.81 133.8568 2,2 0.361
27 0.0142 0.36068 51.47 168.8216 1.7 0.288
28 0.0126 0.32004 64.9 212.872 1.4 0.226
29 0.0113 0.28702 81.83 268.4024 1.2 0.182
30 0.01 0.254 103.2 338.496 0.86 0.142
31 0.0089 0.22606 130.1 426.728 0.7 0.113
32 0.008 0.2032 164.1 538.248 0.53 0.091
Metric

0.00787 0.200 169.39 555.61 0.51 0.088
2.0
33 0.0071 0.18034 206.9 678.632 0.43 0.072
Metric
" 0.00709 0.180 207.5 680.55 0.43 0.072
34 0.0063 0.16002 260.9 855.752 0.33 0.056
Metric
i 0.0063 0.16002 260.9 855,752 0.33 0.056
35 0.0056 0.14224 329 1079.12 0.27 0.044




M15137 .1 (D)

73

Maximum Maximum
AWG | Diameter Diameter Ohms per | Ohms per amps for amps for
gauge Inches mm 1000 ft km chassis power
wiring transmission

Metric

.00551 .140 339 1114 0.26 0.043
1.4
36 0.005 0.127 414.8 1360 0.21 0.035
Metric

.00492 0.125 428.2 1404 0.20 0.034
1.25
37 0.0045 0.1143 523.1 1715 0.17 0.0289
Metric

.00441 0.112 533.8 1750 0.163 0.0277
1.12
38 0.004 0.1016 659.6 2163 0.13 0.0228
Metric

.00394 0.1000 670.2 2198 0.126 0.0225
1
39 0.0035 0.0889 831.8 2728 0.11 0.0175
40 0.0031 0.07874 1049 3440 0.09 0.0137




2. Standard Wire Gauges (SWG)

m3199 a.2 Wsvumsuvuiaaw IWu1nsgIu Standard Wire Gauges (SWG)

Imperial Standard American
Wire Number
Wire Gauge Wire Gauge

gauge ins. dia. ins. dia.
0000000 (7/0) 0.5000 -
000000 (6/0) 0.4640 0.580000
00000 (5/0) 0.4320 0.516500
0000 (4/0) 0.4000 0.460000
000 (3/0) 0.3720 0.409642
00 (2/0) 0.3480 0.364796
0 (1/0) 0.3240 0.324861
1 0.3000 0.289297
2 0.2760 0.257627
3 0.2520 0.229423
4 0.2320 0.2043
5 0.2120 0.1819
6 0.1920 0.1620
7 0.1760 0.1443
8 0.1600 0.1285
9 0.1440 0.1144
10 0.1280 0.1019
11 0.1160 0.0907
12 0.1040 0.0808
13 0.0920 0.0720
14 0.0800 0.0641
15 0.0720 0.0571
16 0.0640 0.0508
17 0.0560 0.0453
18 0.0480 0.0403
19 0.0400 0.0359
20 0.0360 0.0320
21 0.0320 0.0285
22 0.0280 0.0253
23 0.0240 0.0226
24 0.0220 0.0201
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A '
MINN A2 (AB)

Imperial Standard American
Wire Number
Wire Gauge Wire Gauge

gauge ins. dia. ins. dia.
25 0.0200 0.0179
26 0.0180 0.0159
27 0.0164 0.0142
28 0.0148 0.0126
29 0.0136 0.0113
30 0.0124 0.0100
31 0.0116 0.0089
32 0.0108 0.0080
33 0.0100 0.0071
34 0.0092 0.0063
35 0.0084 0.0056
36 0.0076 0.0050
37 0.0068 0.0045
38 0.0060 0.0040
39 0.0052 0.0035
40 0.0048 0.0031
41 0.0044 0.0028
42 0.0040 0.0025
43 0.0036 0.0022
44 0.0032 0.0020
45 0.0028 0.0018
46 0.0024 0.0016
47 0.0020 0.0014
48 0.0016 0.0012
49 0.0012 0.0011
50 0.0010 0.0010
51 - 0.00088
52 = 0.00078
53 = 0.00070
54 - 0.00062
55 - 0.00055
56 - 0.00049
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Bi-directional current transceiver
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Abstract: The current-mode circuit technique to design a bi-directional current transceiver for remote control systems and
telemetering systems is presented in this paper. The proposed transceiver can transmit and receive the industrial standard current
signal 4-20mA at the same time using two wires connection. The realization method is based on a second generation current conveyor
(CCII) and a curreni mirror, which can be implemented using a commercially available device. To demonstrate the performance of the
proposed scheme, the transceiver was simulated by the use of the PSPICE analog simulation program. The simulation results
verifying the circuit performance are agreed with the expected values. The crosstalk of the proposed transceiver of about —63dB is

observed.

Keywords: CCII, Current transceiver, Telemetering, Current-mode circuit

1. INTRODUCTION

The transmission signals presented in the industrial control
system are traditionally broken into two-portion, voltage
signal, and current signal. It is well known that a current signal
transmission presents a superior than a voltage signal
transmission [1]. For the remote control system and the
telemetering system, the voltage signal transmission will occur
an error of the sending signal. This is due to the series
resistance that causes by the output resistance of the
transmitter, the resistance at the destination or the load and the
resistance of the wire used. The use of cument signal
transmission will eliminate the effect of series resistance to
ensure that the destination will receive the sending signal
without lost. In many industrial applications, the control signal
and sensing signal or feedback signal are transmitted and
received from the distant station and in the form of current
signal. The flow of the current signal in the transmission loop,
which is two wire structure, allows only one direction flow or
only one signal. Thus the control signal and feedback signal
are impossible to combine the current signal more than one
signal in the same transmission loop. For the industrial control
system, the process variable is usually sent to the controller by
one process variable per one signal transmission loop. It
should be noted that the transmission loop will be double for
the redundant system. If two current signals or bi-directional
current signal can be applied to the transmission loop, then the
advantage will be gained.

In this article, bi-directional current transceiver is
presented. The proposed transceiver can transmit and receive a
current signal using only one transmission loop at the same
time. The proposed structure is based on the use of the
second-generation current conveyor [2-4] to transmit and
receive the current signal via the standard current 4 to 20mA.
The basic performances of the proposed circuit are
demonstrated using PSPICE simulation program. The cross
talk of about —-63dB is observed. The frequency response of
the proposed circuit is about 445kHz. It should be noted that
the proposed transceiver is suitable for the real time
transmitted and received current signal in the industral
applications using single transmission loop.

2. CIRCUIT DISCRIPTION

The second generation current conveyor (CCII) has been
introduced in 1970 [5]. It is a three-part network defined by
the following matrix equation:

i 00 0]

v, |=|1 0 o4 O
il (01 0]y

The structure of the CCII is similar to the voltage-to-current
converter. The proposed bi-directional transceiver structure
(TR) using CCII is shown in Fig. 1. where CA, is the two-
output current amplifier. The operating of the transceiver can
be explained as follows. Assuming that the pairs of CCII and
CA are well matched. From Fig. 1 the input port Y of CCII,
and CCII; are connected to ground, that cause the voltage at
node A and B equal to zero. When node A is connected with
node B via the signal transmission loop, the output port X of
the CCII; and CCII, are connected together. Therefore the
current /; and i, are equal. The current at node A and B can be
written as :

Iy +lpy = k) +ixp @

The current i, and i, are transferred to the current i), and iy
by the current amplifier CA,and CA;, respectively, with the
current gain equal to two. Thus the current i;; and 7 can be
stated as:

ig =i =iy +iy 6))

The current 7, and j,, are transferred to the current i., and 7.,
al port Z of the CCII, and CCll,, respectively, with the unity
current gain i,y = iy, L2 = f2). The cument jj; and iy are
forced to equal the current i, and i, by the current amplifier
CA, and CA,, respectively. Therefore the currents i, and
I can be stated as:

(4a)

Lun =iy —h =k,

Towa =h2 =i =y (4b)
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Fig. | Bi-directional Transceiver

It can be seen that the signal current f,,; of transceiver TR, is
transmitted to the output current ., of the transceiver TR,.
Similarly, the current i,, is transmitted to the current 7.
From the operation of the proposed structure, both of the input
signal curmrents iy, and i,, of the transceiver TR, and TR,,
respectively, can be transmitted to each other using only one
transmission loop. The CCII used in the proposed transceiver
is depicted in Fig. 2(a). From Fig. 2(a), an operational
amplifier (opamp) A, diodes Dy and Ds, transistors Q, and Q,
form as a class AB power amplifier. The inverting input of an
opamp A; is connected with node C to form a unity gain
amplifier. The voltage at port y will be accurately transferred
to port x. If the curmrent i, is applied to port x, then the collector
current I; and I, of the transistors Q, and Q, can be
approximated as [6].

1
Iey = {(ug +i2)? -:x}/z 5(a)
and

4
Toa ={(4I3 +i2)2 40 3/2 5(b)

Where I, is the quiescent current of the transistors Q, and Q.
Transistors Q3-Q, resistors RyRy and transistors Qs-Qg,
resistors Rs-Rg form as unity gain positive and negative
current mirrors. The currents I,y and I, are reflected to port z
and the output current i, can be stated as :

L=lcy—Ie =1 ©

The current i, is now equal to the current i,. Fig. 2(b) shows
the multiple output current amplifier CA. From Fig. 2(b), the
current gain of the output x1 and x2 are unity gain and twice
gain, respectively. The circuit operation is similar to the
circuit in Fig. 2(a). The noninverting input of an opamp A, is
connected to ground. Thus the inverting input becomes
virtual ground and the current i;, can be transferred to the
output x1 and x2. The positive and negative unity gain
current mirrors are formed by transistors Qy-Qyo, resistors
Rg-Ryg and transistors Qy,-Qy3, resistors R,p-R,; respectively.

Consequently, the value of the resistors Ry, and R, are set to
half value of the resistors Ryand R;;, respectively, generate
the current 2i,, at the output node x2.

lin

Q13 QM
RIJ } RM

®
Fig. 2 (a) Second generation current conveyor (CCII)
(b) Multiple output current amplifier (CA)



3. SIMULATION RESULTS

The performance of the proposed transceiver was simulated
using PSPICE analog simulation program. The simulation was
carried out using the transistor parameters of 2N3904 and
2N3906 for NPN and PNP transistors, respectively, and the
op-amp parameters of AD818. The supply voltages Voo =
-Vgg were setto 15V.
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Fig.. 3 (a) Sinusoidal wave i;,, = 10kHz, 5mA
Triangular wave i;,, = 10kHz, SmA
(b) Sinusoidal wave i, = 10kHz, SmA
Square wave i;,» = 10kHz, 5mA

Fig. 3(a) shows the test of two frequency waveform,
sinusoidal and tdangular wave with 10kHz and peak
amplitide of 5mA. The sinusoidal wave is applied to the
current signal i) and transmitted to the output current signal
louz. Similarly, the triangular wave of the signal current i, is
transmitted to the output signal current i,,,. The test of the
sinusoidal and square wave is also shown in Fig. 3(b). It
should be noted that two signals can be transmitted using only
into one transmission loop. The leakage signal from the input
current 1., {o the output current i, is verified in the term of
crosstalk. The crosstalk of the proposed transceiver is shown
in Fig. 4. It should be noted that the average value of the
crosstalk is about —63dB and the worse-case crosstalk about
-59dB is observed. The frequency response of the proposed
transceiver is about 445kHz as shown in Fig. 5.
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Fig. 5 Frequency response
4. CONCLUSION

A bi-directional current transceiver based on CCII has
been presented. The proposed transceiver can be implemented
using the commercially available devices. Two current signals
can be transmitted using only one transmission loop with
industrial standard current signal 4-20mA. The crosstalk of the
transceiver is very low. The proposed transceiver is snitable
for remote control and telemetering systems.

REFERENCES

[1] Jacob J. Michael, 1989. Industrial Control Electronics,
Prentice-Hall.

[2] C. Toumazou, F.J. Lidgey and D.G. Haigh, April, 1990.
Analogue IC design : the current-mode approach, Peter
Peeregrinus Littd.

[3] Edwin W. Greeneich, 1997. Analog Integrated circuits,
Chapman & Hall.

[4] Fabre A., Saaid O., Wiest, F. and Boucheron, C., 1996.
High frequency applications based on a new current
controlled conveyor, IEEE Trans. Circuit & Systems,
CAS vol. 43, no. 2, 82-91.

[5] Adel S. Sedra and Kenneth C Smith. “Micro electronic
circuits” Fourth edition. 1998. Oxford University press.

[6] C. Toumazou, F.J. Lidgey and D.G. Haigh. “Analogue IC
design: the current-mode approach”. 1990, Peter peregrinus
Ltd.



.Final Program & Digest Book

: ALY T
: iut\’ﬂ"l '&‘tf‘..\.‘..‘\\‘x\\ﬂf‘fvt tw“w t\.»vv

TITEE R v . '

R i

BEXCO(Busan Exhibition & Convention Center), Busan, KOREA

The Society of Instrument and Control Engineers (SICE), Japan (http://www.sice.or.jp)

C1CASED The Institute of Control, Automation and Systems Engincers (ICASE), Korea (http:/icase.or.kr)




84

A Current-mode CMOS Sample-and-Hold Circuit for ADC
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Abstract: This paper presents a current-mode sample-and-hold circuit using 0.5um CMOS technology. The input
signal is sampled using a current subtracter and a half wave rectifier instead of a sampling switch used in the
conventional sample-and-hold circuit. As a result, the switch feedthrough error is eliminated. The proposed circuit
achieves high sampling frequency up to 100MHz and high accuracy. The performances of the preposed circuit are

demonstrated by PSPICE simulation results.

Keywords: Sample-and-hold, Subtracter, Half-wave rectifier, Current-mode

1. INTRODUCTION

Digital signal processing is one of the most important
technique in many applications such as video and audio
system, measurement and instrumentation, and digital
control system. An analog-to-digital converter (ADC) is
the interface between analog signal and digital signal.
To avoid the degradation of signal conversion from
ADC, the sample-and-hold circuit (S/H) is required at
front-end. Usually, S/H circuit employs a MOS switch
to sample and hold an analog signal. Using the MOS
switch exhibits signal distortion at the S/H output
caused by switch-on resistance, channel charge injection,
and clock feedthrough. These are major factors that
contribute to discrepancy from ideal performances. In
the past, the switch is implemented by a single MOS
transistor. Unfortunately, the on resistance of the switch
is varied with the switched voltage and dependent on
the magnitude of control voltage [1]. In order to
minimize the switch-on resistance, the bootstrapped
switch technique and the switch control-voltage boosted
technique have been proposed in literature [2-4]. The
technique based on bootstrapped switch generates the
constant gate-source voltage for the MOS switch to
prevent the on-resistance effects. For the boosted
technique, the voltage multiplier generates the control
voltage in excess of the supply voltage for the MOS
switch to reduce the switch-on resistance. The control
voltage signal, which is usually up to twice the supply
voltage, may produce a catastrophic failure caused by
the voltage breakdown across the gate oxide. It should
be noted that the sampling frequency can be varied in a
narrow range due to the specific on-chip capacitance
value used in both techniques. For charge injection and
clock feedthrough cancellation, a  differential
configuration technique and a dummy transistor
technique have been introduced [5-6]. However, these
techniques have never completely cancelled the effects
of channel charge injection and clock feedthrough.

The purpose of this paper is to propose a CMOS
current-mode technique for realization of a high-speed
and high accuracy S/H circuit. The proposed circuit
employs a current subtracter and a half-wave rectifier

instead of a conventional sampling switch. The errors
due to the charge injection and the clock feedthrough
are minimized. The resulting performances of the
proposed circuit show high accuracy and high sampling
rate up to 100MHz.

2. CIRCUIT DISCRIPTION

Fig. 1 shows the block diagram of the proposed S/H
circuit. It consists of current substracter, half-wave
rectifier, peak detector, and discharge scheme. The S/H
control signal, igp sets the operational state of the
proposed circuit. The current i, is the input signal,
which has the value between zero and the value for the
high state of igy. If the signal isy is set to low or igy =
OpA, the input signal 7, is sampled, and thus transmitted
to the output. Otherwise, isy is set to high such as ig; =
S0pA, the last value sampled is held until the input is
sampled again. The operation of the proposed S/H
circuit as shown in Fig. 2 can be explained as follows.

SIH +H
contol Curent |22 [ paltwme |En| Peak [
nput Subtracter rectifier Detector | node
node ~ —» N 24|
L | | (52
|

1
| b {®="{ Discharge
________ ‘@:‘. scheme
s

Fig. 1 Block diagram of the proposed S/H circuit.

Basically design of the proposed circuit, all
transistors are well matched and operated in their
saturation regions. The drain current of transistor
operated in saturation region is expressed as [7]

CcC_ W
’U:l'ln')atf(vos-«VT)z:K(VGS_VT)z (D

where X, vgs, and Prare the device transconductance
parameter, the gate-source voltage, and the threshold
voltage, respectively. The transistors M;-M, and M;-M,



in the current substracter form as the unity-gain current
mirrors to capture the control signal igy and the input
current 1, to node D, respectively. Considering at node
D, the current i, can be written as

irub = im 7jSH (2)

The transistors Ms-M;, function as the half-wave
rectifier that produces a half-wave replica of the current
isp. If the current i,,, is negative, the flow of the current
iz through the transistor My increases the voltage at
node D, then the transistor M; is to cutoff. The current i,
is equal to zero. For a positive current i, the
transistors Ms and M, are conduct and cutoff,
respectively. Thus the current i, is equal to #. From
Eq. (2), the current 7, can be stated as

‘__zlfn
lp—o

The current i, is fed through the peak detector [8], to
transmit to output node. The transistors M,3;-M,, form as
the unity-gain current mirror. The transistors Mj; and
M), function as the current follower to provide the
discharge current iz, and the charge current ig to the
capacitor C,, respectively. Considering at node F, the

Jor igy ="low'

for igy ="high' @)
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gate-source voltages of transistors M, and M, are risen
and held by the capacitor C;. From Eq. (1), the output
current i, can be stated as

fows =ipnz =ipyg = K("m -V )1 4

If i, = i, and iz, = 0, the voltage at node E, vj, effects
the transistor My, to conduct. The flow of the charge
current i through the capacitor C,, which is equal to
ip12, increases the voltage v~. Then the transistors M,
and M4 are activated. When the voltage v rises to the
steady state value that causes the transistor M, to
cutoff. The voltage v, still forces the transistors M,;
and M4 to conduct, thus iy = &, If 4, = 0, the peak
value of input current iy is less than that of the previous
input signal, and iz, = 0, the voltage vg is decreased.
Therefore, the transistor Mj, still turn off and the
voltage v is unchanged. If the input current i,, exceeds
the output current and 7y, = O, then the voltage vy is
increased and the transistor My, is active, The voltage
vq 18 risen to force the output current equal to the last
sampled value. If the value of input current 7, is less
than that of the previous input signal and iz, = 1, the
voltage v¢ is decreased. Therefore, the output current
ing is forced to be tracking i,,.

M;__|M; [;:]a;—rimlij |_|M;

Currents substracter and
Half wave rectifier

My My
Mj;

Discharge scheme

Fig. 2 Proposed S/H circuit.



In discharge scheme, the gates of transistors M;;, Mg,
and My; are connected to node C, node B, and node A,
respectively. Thus ipyz =4, ipg = 1, and iy = iy The
transistors Mis-Mjs function as the unity-gain current
mirror to capture the current iy to node G. The current
iy can be stated as

fp =ipm7 —ipg :ip —¥in (&)

The current i, is fed through the half-wave rectifier that
consists of the transistors Mjg-M;;. From Egs. (3) and
(5), the current iy, can be written as

. -~ ip'im
Ipp = 0

Where i 1s the previous peak current of the current i,.
The transistors M;-M,; function as the current
comparator to compare the current ipy; and isy. From
Eq. (6), if the control signal igy is set to low, the voltage
at node H can be given by

for ipO > if‘n

for i o0 Sy

(©)

- 0 Joriy >i, @
H’ - . .
Vs farzpo <i,
Otherwise, the current isy is set to high, we have
Vi = Voo ®
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il \\ // \\ L
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lP
i‘il
LT T P gy
| \“K By \_K
i N1 LA LA
out

Fig. 3 Waveform sketches of the proposed circuit.

The voltage at node I, vy, is forced to follow the voltage
vy by the use of the inverters M,,-Mys and Mpg-M;.
Based on the unity-gain current mirrors Mag-Mse and
Mio-M;, the current iy, 1s equal to ipg. From Egs.
(7y-(8), the current ipg or i4, can be expressed as
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2 . _, r . o
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i, =40 Jorig, ='low i:ma’zpu <1, (9

0 Sorig, ="high'

From above discussion, the waveform sketches relating
to various currents are shown in Fig. 3.

3. SIMULATION RESULTS

The performances of the proposed circuit were
studied by using PSPICE analog simulation program.
The BSIM MOS model of the 0.5um CMOS process
was used in the circuit simulation. The supply voltage
and the current source were chosen as Vpp = 3V and
Iny = 50pA. The ratio of channel width and length
(W/L) of the devices are shown in Table 1.

Table 1 Devices aspect ratios.

Device W/L (um/pm)
M, My, My, My, My,
Maz, Mag, Mas, Mys, Mag, 2/1
Mas, Mao
M3, My, Ms, My, Mg, Mg 51
Mg, My, Mg, My, Mys, Mys 10/1
Ml?.l M]S’ Mll: MZS; MZQ 4/]
My, 6/1
Mo 1.2/1
X
0 y " :
(1] 50 100 150 200
Time (ns)
5’} 25
0 T T
0 50 100 150 200
Time (ns)

Fig. 4 Input and output wavelorms for a 10MHz
sinusoidal input sampled at 100MHz.



M
-
2
23
3
0 - ,
0 50 100 150 200
Time (ns)
50
3 /f
5_ 25+ /f
|
0 ; ; :
0 50 100 150 200

Time (ns)

Fig. 5 Input and output waveforms for a 10MHz
triangular input sampled at 100MHz
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Fig. 6 THD versus the varied input signal frequency.

The 1nput and output waveforms as shown in Fig. 4,
the upper waveform is a sinusoidal input current of
+20pA amplitude at 10MHz and the lower is the output
current for the input current sampled at 100MHz. Fig. 5
shows the input and output waveforms, the upper
waveform is a triangular input current of =20pA
amplitude at 10MHz and the lower is the output signal
for the input current sampled 100MHz The total
harmonic distortion (THD) versus the varied input
signal frequency of the amplitude +20uA at 100MHz
sampling frequency is shown in Fig. 6.

4. CONCLUSION

This paper describes a current sample-and-hold
circuit using a current subtracter and a half wave
rectifier instead of a sampling switch to avoid the clock
feedthrough. The PSPICE simulation results verifying
the performances of the proposed circuit are in close
agreement with the theoretical.
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