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Reconfigurable Analog Circuit and Application Design

Based on Operational Transconductance Amplifier
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(Nanging University of Aeronautics and Astronautics, Nanjing 210016, China)

Wang You-ren Cui Jiang

Abstract: The conventional coarse-grained reconfigurable analog circuits have bad flexibility, and the
reConfigurable Analog Block (CAB) structure is complicated. In order to solve such problems, a new OTA-based
reconfigurable analog circuit is presented in this paper. In this circuit scheme, the complexity of CAB is reduced
and the CAB utilization rate is increased. To verify the effectiveness, three examples of analog circuit design (a
second-order low pass filter, a second-order high pass filter and a low-pass third-order Butterworth filter) are
presented. The experimental results indicate that the proposed circuits is effective and feasible, which make a
better balance between circuit resources and functions.

Key words: Reconfigurable analog circuit; Operational Transconductance Amplifier (OTA); Reconfigurable

Vol.31No.7
Jul. 2009

Analog Block (CAB); Analog filters
1 35

AT, B R T EORIARE, ARSI
R, B 25 1) I P AU B SR L B A R4 1R 34
B3 NRE S o AT HA L T DO 22 B 5 I 45
KA R T RE , AEM BTG N AE ) BT BRI
JERAR R, Tk Ak, o aleE . i
WK Hlas NSFEZ P OEAT )i R RS, 58
Bl 5 RS (NAS A) 2408 T Al 5 A J1 31 1 B FH oK
AUl

T UL P B R 5 H A A S B AN TR PR R
sk PR VLR (RO Tt 20 D S AOL P B R R HL
PIAN IR SC o AR T 807 T R L, AU R A
LR I IF TR B, I R AR D o RIS
20 el 80 EATFRE 1 IXT5 i (T 98 A, iinE A
X7 I IR DR, AT A B IEAE T AR
KRBT AR TR SN T S JPL SE4

2008-07-18 W F, 2008-11-03 t4[H]
% A R R 23 4 (60501022, 60871009) Al fil 25 &} 2 3k 4
(2006ZD52044) % By iR

EW FPTA P& A3, BikALE i BLE E Lattice
AH ) ispPAC &AIAT Anadigm 237 ) AN10E04
TG A AR . DU ] E A AL SR A D RE AT FR
W, AUE GRS & AR FPTA
TAESIEAE 100 kHz 247,  ispPAC R 177 564
1 MHz 747, Anadigm A 7 & 47 1) AN20E40 [ 250
kHz(AN10E40)#2 3] T 2 MHz, {HRH T HFKH
BHA, RGeH758 52 B BRRERFEAR G B S, 7T
TR FL B 1 2 DhRe b 5 sk 2 R e 7 1Ry, 1T
R LT I TR R T R s K A P
(OTA). HLUUALAL S IRAEDRLFE 2548, STk [3] 4
) OTA R EEAASALL B0 T0 S I IR BB 4 e 7 A %
1% 15 MHz, {HHIER S5 MEE e, S H TRZH
OTA Jift.

AR B 5 3T X 28 A ey b, 3 T BRI
CAB IR ARIE, AL A0 2 BE k4 a1
RiEtE, FE T CAB MEHMEE. CEE 2
WAETET OTA B EMBHU R A, 5 3
WA T UM LS DI RE M SV, 0 BT R
TEOU T VR



1776 BT 516G 8 %R

%31 %

2 ET OTA RYF] EMHRIU A BRI IT

2.1 £F OTA BRI EMIEHLI B T (CAB)

EERALTE PR o AL T VRN S 8 N R
REfAr, BT OTA Myn] MBI ITE A 1,
1A FIEH KA (OTA), 3 AN FIIF (S,
Sy s Sy )R L ASHgRFEA(C, ), $E 3 AN A
F1 (g, g, )R T AN (6, ) o
2.2 AJRIZ AT

B2 Syl g ARSI R ], BB 5
ANFFOC I B 5 SEILAE RO Y C, AR . SRR,
RSHAE I 0, =20, = 40, = 8C, =160, , 2%
RN (D)%, b, O, MRS,
XN TRATER, 4S8, WER, b =1, S, WiIF
B, b, =05

4
C, =>6,2"Cy + O, (1)
n=0

== izses

1 —; | S NSa\Se\Se\Sci
Uit |
i o—|—| | o Cu CIJJ'ClJ‘C C: Grl‘

| 1 S3 ) I _( -(

| ! | Sev\Se1\SeSes\Ses
Wie °—|—| |

L% ___, o ]

B 1 ST OTA (7] TR A T B2 g R
2.3 CAB (8] B BB W 4%

Kl 3 02 2X2 [¥] CAB FEHI H IR &5 2540 1], S
WS SAEARE CAB Z A AL JT 5 p5 41 P
KB4 AW, oroldn 44 o0 PR AERE, AT
TSLIANAHAE ) CAB [H) (134, 214 J5) BRI
FH, G SCUARAR CAB 2 8] R RE, S ) J) i L0 IEG
EH

HR A ELIC W 28 7145 5 AL R AR I AN [
RT3 A ) P2 R ) I 6%, i S S A
R ey bR A A, IR A AR AN T G ) 1) BT,

3 T EE AU FL B LUK Y 2% 4

Ja FSEIUE SN R e, RIUNTF RS IE
B2 MM EIC . KT b Mg i S 450 H LR
(SRS O 0 TV 4 TR NN - L R 5 (TES AL S W
AT EH TR 5 R o -

LL mxn UL CAB B 61, T4 CAB
A3 AN N VR 1 AN e, )

(1)L 1 5] CAB R#EMR, 3T SRR
RARRTDAZE ) 5 AR P2 TR, WAEREAN AL
FTH 3xm TS,

(2)Lh 117 CAB N#AK, N T s M
RUER VT DAERE ) b S5 40 U LIE,  AE AN A )
UL 3xon SRIEL

FEF ISR R Th e Rt RE b, N P A 26 %
WS NTFIRANEE DRI AE A SN 2549 2 S &5
Rt sy, TR NG, JFARE T
(PR 48 A1 2k
2.4 N6 i O )

WKl 3, 78 10 AR A, B A
B R A <

(1) T(2,1), T(3,1), T(4, 1)L A B R A S 5N

hAE 5 N 1

(2)T(2,2), T(3,2), T(4,2){ Al ke B A 5 i
h A 5 B g

(3)T(1,1), T(1,2), T(5,1),T(5,2)B% Al fit FL gk A5

RN SO LA S A, T R T B R
AR A TR NP
2.5 EESEBHHT

T AR AL B T2, AN TF GRS 1 45l
T, 14 CAB ikt 755 1 ANK N 8bit i 7
(ATmRL 2 €, :5bit, OTA:3bit). —Mkit, CAB
B 270 B K BT BE ST FL B (R Dh Bk 22, {HL[RJ IS
0¥ T3 B 2 (W F B WU, 45 AT I 07 SR 56,
PR B ShRERI BT ) CAB BRI AR DA S 47
HI P B LT T gevk, Ik 1.

R 1ARMERBOTRSH S AL EE
Mg R o

CAB %1

ks (%) (bit) ] SEPLT) R

1x1 0 8 G A%, BB

1x2 15 94 THrEnd, (KW, e,
T PHUE B, R BOR A

2x2 30 320 =BG IR RS [ 2%

3x3 54 972 (EVAIPR

3 NARBIREMEE RS
N T VRA AT B AR RO P AR RO 5 R AR B



o557 3

AR T s SBOR 2 (10 R BRSO Fi it S B e o 1777

AR, M 1x2 1) CAB PG E A SEHL [
IRIE A e 2, ] 2x2 () CAB B4k B 52
= AR AT D 25
3.1 ATEMBEIGITS S

(1) =P s e e 45 S8 I B I g8 ik s 1Y
CAB HIATLL S5t 4(a), 405k 208 I 5 i AR
AURFPE I EE CAB BT IOIRAS , A% FE 51 1 55
OB UWTE 4(b), Bk ek E X (2).

Als) = U,(s) G,.G

== ml~"m2 (2)
U(s) sCCy+sCG,,+G, .G,

0
m T
! I 2
& u; I

() LI 45 454 (b) L S ]

4 12 1) CAB P57 E 4 — i Ik vl %

(2) "M EE e Ay S T R A 1
CAB HEATEL WP 5(a), 2SIk HE AR Ry
PEIF R CAB N TF G, AR 471 45 R4 119 S5 R0 v i
5(b), Wtk ik ek =X (3).

(b) LB SR

(a) LI 2% 45 Ky
5 FI1 X 2 ) CAB FEFITEH — il i

2
A(S) — Uo (8) — 5 S CICQ (3)
U(s) sCC,+5CG,,, +G,,G,,

(3) =B AR R M R 28 —Fr ERRR A

G0 e 28 1T DL — > 2% 2 (1) CAB [ 415231, CAB
AN AT 2R AR B 6(a), T SR 200 I K Al PR
MURFE R IEE CAB I TE G, A MRS B 445 3%
HLEE U 6(b), Ay A ELRRIR SRR I S I F A, &
ERASHUEC, =C, =C, = C, I Hi&E CAB
s SEwE G, =G, =G, =2G,, =G, , fki#
PR (4)

Als) = Uy(s) _ G,

— m 4
U(s) 20°s* +4G,s* +5G2Cs + 2G> (4)

3.2 (FEE RN
FIH] PSpice B4 CAB FEFHIMF HARHY, OTA

(a) IR 4 4544
6 2 x2 [ CAB FESIHE I =FirRIEIE B &

b) HL i 2 &

HIR B 2R ) T N ar, B S B AR A s 5
5 SO AE LM13600TA Ak, Hus oG H]
F A5 TF SRABE TR o RE S BRI L Ry Y8 Y
A= I IE B T IR KA PSpice #1F,
W A [ 1 e e 7

20
0
it
—20 o '>\ \\‘.
g™ "y 1&%( \‘
c W < :
Z g _____F_ijﬁ/ﬁ&"%%// S
=80 e . o
100 7 = AR O e
/‘/'
=120
10! 102 10° 10" 10° 10°

£ (H2)
7 g

MEERTTLLE H, % CAB 41 SE IR FL 2% A2
BEUFEOR, U IR (W 2)43 3 T AR A,
B M BUEHIBIME M0 A CAB M1 OTA. MHH
HARThRE LR A BE R, FERfE TR ZhAEZ e,
AT DARR S s v i 110 52 208 R P S AN [R5 41)
FUREL, T80 AT S 2% R T = IS i, AE Y
2y CAB HI OTA B ¥ [R] I S HL B 1 DI RE

F 23T AHEER CAB 1 OTA FREHE

UL HL 26 T CAB(H) OTA(AY)
TR gD 28 1x2 2
B I R A 1x2 2
=B I A 2%2 4
4 HERIE

AICBF THT OTA Y n E AR R R I FH]
THRAE SO b .l BRI CAB IS4,
KBS LI Y 2% S R 4 1 VBB IR 25 P, JE
G 1 REREJSE T FAA RSEADL P i 22 Y BLTU AR BEUR
T 3§ OTA fY ] HUAARLIDL AL T DL B



1778 BT 516G 8 %R 31 %

BT, D/A gy, BRME SRORA AT RE, [4]  Giuma T and Ebenal A. Programmable hardware and the
BE{F‘% FIJE ’ iX E&ﬁ é% Hj :,H\:’ﬁij, & )EH lfx" ‘17[‘ ’ﬁi;ﬁ\ﬁj\ *ﬁ éﬁf new analog capacity|[C]. The Second International Conference

o on Systems and Networks Communications, Riviera, France,
PN v

HLER TP K AR R 2K T MOS FF RN April 22-28, 2007: 19.
HECG O, N — 405 505 /A AT £k 71, e [5) Twigg Christopher M, Gray Jordan D, and Hasler Paul E.

ﬁﬂ; LR IR K R L, R ;; T 24P Programmable floating gate FPAA switches are not dead
E%I]j ﬁlé . weight[C]. 2007 IEEE International Symposium on Circuits

\ . and Systems, New Orleans, USA, May 27-30, 2007: 169-172.
& % x o
[6]  Ebadia Zahra S, Avanakib Alireza N, and Saleha Resve, et al..
[1]  Stoica Adrian, Keymeulen Didier, and Arslan Tughrul, et al..

Design and implementation of reconfigurable and flexible test
Circuit self-recovery experiments in extreme environments|C].

Proceedings of the 2004 NASA/DoD Conference on
Evolution Hardware, USA, June 24-26, 2004: 142-145.

access mechanism for system-on-chip[J]. Integration; The

VLSI Journal, 2007, 40(2): 149-160.

[2]  Pankiewicz Bogdan, Wojcikowski Marek, and Szczepanski e B, 1084 4R, Wil BRI I T A
LB BT

R 5, 196344, A, #ow, EALAESN, BT R
BEARIEAE . W RGN WIS T S T T

FOE: e 19734, I, YR, BRSTT ) A R A A
LR RETH A TN

VL Y, 1977 AR, EERAE, WIEFUTS I DA AR L

Stanislaw, et al.. A field programmable analog array for
CMOS aontinuous-time OTA-C filter applications[J]. IEEE
Journal of Solid-State Circuits, 2002, 37(2): 125-136.

[3] Hasler Paul E and Twigg Christopher M. An OTA-based
large-scale field programmable analog array (FPAA) for
faster on-chip communication and computation[C]. 2007
IEEE International Symposium on Circuits and Systems,

New Orleans, USA, May 27-30, 2007: 177-180. Bt 2



