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Abstract

A current-controlled OTA-R Schmitt trigger circuit is described. It consists of two OTA’s and two
resistors. The output level of the circuit is determined by one OTA and one resistor, and the threshold
level by the other OTA and resistor. The theory of operation is presented and computer simulation
results and experimental results using CMOS arrays are used to verily theoretical predictions. The
results show close agreement between predicted behaviour and experimental performance.
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Fig. 3. The transfer characteristic of the new
Schmitt trigger circuit.

2) AAe B

A Z7AE OTAE] okl 7%l thsld 7|&
ek el AlAle] Aol OTAS] i U9
A3 wWe] dgiie) HrE Ez]Ae F¥ o] zlo}
A2, OTAS] 281% A7k x|l wfiel] fn= =2]A
o] ¥ o] F7Hich

() OTAS] 94 A% P97} Fel= =214 ¥

g el vlx 3
#ulE E2|A9] F2 A AH4E OTAY 3=

(1508)

e N

=2 78 4(a)d Jehiz'® o] 0TA9 §1-29
A EAL T3 Aol Wi} o] BAo2HE|,
OTA®9] 818 A3 W7t vl < R, B Ry A3}
ulololz AF 1,9 Jaix AAEcke 2L & 4 9
o} A3 Wejeixe] Ad BAY 7187]= OTAY E
WaAqHs g 09, 6,2 g, = 2/Rs0ITE 1%
222 OTA9Y (0°] oFd) 3t &8 A3 Hee= 70l
E ezl EH #HdE olibd]l ez KtE Hlout
Al o) ojebd §3F Y Ay WHE Fole Aol
A shy o] 8 el Ry A3E A2 Zlo® AlY
ok gt

Voo

L ]
] 11
i
Lae w1y | ! r—uf“w
[ [ i
L- ) Bl
r ] 1 (=
. us 5] [E
v - (—>2

= T LLEHJ
" il

\ 4

RsIb vy

(b)

a7 4. (a) OTAY W+ 2%
b) -4 AL EA

Fig. 4. (a) Circuit diagram of an OTA
(b) Transfer characteristic.

a9 59, OTAS] #& 312 4% Weel <17 4]



196% 10 ETFIeeFHEE

E Eeire] £ dpe) WetE AR08 el
aela] shido] skl g BA4E el Alel
ol Alg B4E vhellich 9o TelxE OTA,
5 OTA, b} 23 doleld) S4stz, 4o e
A& OTAI% OTA7F 27 A8 edeish £3} ool
A gt 9o MeldE 5 OTAZ A8 el
ExRich M Gedeld Ag S4o) APHoR zhas)
A dehield oA, Adzi 32 A
A2 ARl gl o] JdelAe] Ad S4e A
4Aog Holdeh I dedeld, &9 o] A%
Moz gash| Wl Arle B9 ddel hag
sagon el ohew) Rk

Lo

to

A
I o
]

Rily -4-

Vo

1
V'

~
2
pep———— SRS |

[—-———==—jm—=——————

- Ry

a2 5. OTA9 &3 18 Ay Wl 2% vl
E =9 £¥ #Hde] ws}

Fig. 5. The varation of the threshold voltage
level of the Schmitt trigger by the finite
input linear range of the OTA.

RS

Vg = Ryly — 72]31

Ip (6)
9 Hoz¥E, Ry Age] 2od ASE 18w
R, AN&o] zm Z4F 79 #Hde] Fro| kg ol
A9l gholl 7RIk e o 5 )

(2) OTAS] =%1& Azt #|dle] FrlE EjA 9

2 o] M|y ¥

OTA2 18 s} Ale]e) AlZrt & Yehts
dlell o Axe] A|7te] g%tk o] ~9A A7t
2led& MOS E#iA]xele] 30 HAAd2e} AlolE
-7k AARIAE FARE 7 AHAR2Y =2

719} olg FA(HE WAL ol ol8F F e

(1509)

#£33% Bl $ 10K 23

AFe) ool Sfald AR 4 AARAE
=axlzE o) dolst % el ofe] s B
sfeplelEel Sjald Aach OTAS F4she o
ERA2EE A4 AMARS Fold, 2913 A
o 71 2 4R lAE AL FAD] U =
2ElEe] A4 ANzl web 2HRe YA
she EaAsHEe 218 ZFelFomy 2aY A
7 A e o AR 39 4 ek

&—=a Experiment & Simulation

Nat

//

Threshold Level [V]
o
|

2 ’ 5

I i i \}_
10! 10?2 1017 104
Frequency [Hz]

=
Fig.

AL DI
. Threshold voltage level versus frequen-
¢y characteristics.

[ Ne)]

294 A A Y Als Fugrt SRkl
wal fprlE EsiAe] FE Agbe] Fvlske 3
doFitt a7 6o, AlEHoldF} HysrRe
24 2" 9 dd o 3y As Fobg B4
el o] a¥egye] Birdr s
gl Re] Q] Alse] Fulprl Folgtel] @t
ulE =7 ¥E Agbe] A AYH R Zvlst
= ke, Al gl e o] w& FalpriA] FE
gre] dAslch= 78 & 4 glck o) F Anpe] 3
ol HHmxRe Afe) AMEE CMOS ool &
2L @717 AlEHe A Al aAl ARt AbdE]
=7] wjiolct.

;

¢
o:
it

>
Ol

oL

off o o

m 4y € 3 &

28 29 e EfA 32E a9 4(a)9 OTA
& o]g3le] FAR okg, 1 AT 3EE SPICE
AlEdeldgich 18! 4(a)elix], OTAS &1 Ad A
e AAZE 4~ tlAElelAd(degeneration) A3
Re¥ 500 @& AHSSich OTAE FAdshe d A



24

¥ MOS Ea@liz)~e|e] SPICE 2 sler|HEe &
1o} Yeplch M~ M, ERA2E S dsile WL
= 6(um)/2(pm)E, My~ My, My~ My, 12|31 My,
~ My EWA~E S HEldE WL =3/28 vpy

Al MOS EMA2E S dside WL = 18/23
A3k
k23 1.MOS E#iz]|~e]9] SPICE =49 2}

] E]
Table 1. The SPICE model
MOS transistors.

parameters for

V |

| SPICE MODEL PARAMETER Iy

LEVEL = 2.0 U0 = 608.3 VIO = 825.3E-3 NSS = 0.0 NFS = 0.105E+12

TPG = 1 TOX = 40.0E-9 NSUB = 7.755E+15 UCRIT = 5OE+3|
LVEXP = 78.26E-3 UTRA = 0.0 VMAX = 49.89E+3 RSH = 50. 15|
| NMOS XJ = 450.0E-9 LD = 112.1E-9 DELTA = 3.714 PB = 0.44
“ S = 10.0E-6 NEFF = 3.358 ¥D = 36.34E-9 CJ = 323.1E-§|

MI = 461.5E-3 CJSW = 929.9E-12 MISK = 268.3E-3 CGSO = 96.77E-12
CGD0 = 96.77E-12 CGBO = 40.00E-12  FC = 500,0E-3 XQC = 1.0
LEVEL = 2.0 U0 = 205.1 VIO = -703.0E-3 NSS = 0.0 NES = 0,0J0E+12
TPG = -1 TOX = 40.0E-9 NSUB = 1.486E+16 LCRIT = 70E+3
‘ 'uexp = 1B4.2E-3 UTRA = 0.0 VMAY = 40.76E+3 RSH = 69.46

PMOS [XJ = 450.0E-9 LD = 230.5E-8 DELTA = 1.843 PB = 0,958 JS = 10.0E-6
NEFF = 0.688 ®D = U7.6E9 CJ = BOA9E-6 MI = 525.06-3)
CJsk 749.1E-12  MISW 495.4E-3  CGSO 199. 0-12!
CGDO = 199. 0E-12 CGRO = 101.5E-12 FC = 500.0E-3 ¥QC = 1.0

e 2elAe &8 gl Ay Ee st w
+ A3 R R A 10 kS AN A

A F2 FF AL V=10V 28T V=
- 10 volgirh

3 Input Output

2

Ieistisist
s

[} / T \
4 / ‘ S! / | J /
2 )
-3 T T T T
0.0 A 2 3 4 5
t [mSQC]

a8 7. Azt gl g pen 29 g
Fig. 7. The rectangular output for a triangular
input.

OTA 1 OTA»9] mpolelx AF 1,3 1,5 ZH2t
50 AR 3ASE, 43 chxlell FH=Ar AHgte] 4 vV

+¢ g3 23 Al AFE Aold 4 9l OTA-R #vE EgA

(1510)

T ® N

ol3 Fo5rt 10 kHzdl AE NS Wl E
4 S3e 29 7¢ dehiieh o] aslee, 2
ol=i(spike)7t A2] gl 29 THH7} oizck= A
& o 5 glek

. SIMU L+ L IDEAL L+
4 SIMU L- o IDEAL L-
2 (o]
=) =,
1 - -1
+ '
- |
0 LIRS E S S S B -2
0 10 20 30 40 50 60 70 80 90
Iy [HA]
(a)
& EXP L+ &  |DEAL L+
2 o EXP L- o {DEAL L-
2 2.
1 -1
+ 1
- —
0 T T T T T T -2

20 30 40 50 60 70

Iy [RA]

(b)
a7 8. 24 A% A o L, vlolelx U 54
(a) AlEdelAd A3} (b) Haz=re A
A}
Fig. 8. Output voltage level versus bias current
Iy characteristics. (a) Simulated results
(b) Experimetal results.

80 90

50 kAR FAHF I, disl, 10 gAY
80 pAZHA] ZPHAIFIHA 29 At e =8 A
= 23 3@k (bl Yehlck 3714, (a)2) 19
< AFE AlEdelAdg ARE Jehd Aew (b)¢]
7L CMOS oJ#le] GD40078 o] 8sle] HH=y
= AR A3 ehd o} o] agERYE,

]
Iy=



19%% 10 BT LB&HGS

vE E=2i7le] 2% HuEo] OTA uolojx A

Iy Ao vlgdrls 7S 4 4= gl

. SIMU V., ] IDEAL V,
° SIMU V. o IDEAL Vy, 0
5 —
— 1 |4 2‘
= .4
'-—-
= >
0 | e S S R S -2
0 10 20 30 40 50 60 70 80 90
o [HA]
(a)
¢ EXP Vg, s IDEAL V,,
© EXP Vi o IDEAL V,
2 = 0
—
d =
14 RN
= -
fumd
= >
0 NN IS B B . B S -2
0O 10 20 30 40 50 60 70 80 90
lp, (HA]
(b)
a3 9. Y A o [ vlelelx AR BA

(a) Aol Azt (h) Holere AA
3}

Fig. 9. Threshold voltage level versus bias
current [p2 characteristics. (a) Simulated
results (b) Experimental results.

a3 9a)et (b, 50 vAE TRF 1, el 1,
£ 10 pAlAl 80 wAZFA] ZPHAIZIHA FE A
Ad-g 24 AEg ehd Zlojt)h o] a3 ERR
B, 5 #dde] OTA»9] wleloiz AF 1,0 A3H
22 vggls AE o4 5 ek 23 10 1, =
50 pAR TAATT 1,5 7HHARE g £ A
o e 2% A ©A5 AHolck o] 1yleg
5e, 9 A o] FE st el Auiglel

(1511)

#$334% B&E £ 10%

| R1, | &2 dAshch= AL o 4 9k

Qutput Level [V]

e |+ ®—& | .

25

o
s

20

T

30

T
40

T
50

T
60

—
70

T
80

T
80

T
100

110

lpz [HA]
a8 10. &9 Ast w9 [ vlo]oix AF Ale]
2] A
Fig. 10. Output voltage level versus bias curr-
ent Is» characteristics.

v 2 &

Ast EalaAEls $EI1E A9 AaxlE o)lg
glo] AL HF-AH frulE E2AE AYEYch A
He FuiE ErlA 32 7129 2SR de)
279 &9 Ak Azl w1 gt #do] A2l of
S T2 ko OTAY vlololx AFE A=
vk 2E 23 Qo o] 553 54 wj i,
B =Fofla] Allg frulE EpjA= B A)xdn)
AR A zdel] de] 48 4 glee]ely 7|k

i oae L AR .k 2 [P B e 2 8
HEE A ol skl 2An (A E  [SRC 95-E
2015) osl a=E S5k

T |

[11 R. F. Coughlin and F. F. Driscoll, “Ope-
rational Amplifiers and Linear Integrated
Circuits,” ch. 4, Prentice-Hall, 1987.

Z. Wang and W. Guggenbthl, “CMOS
current Schmitt trigger with fully adjustable
hysteresis,” Electron. Lett., vol. 25, pp. 397~
398, March 1989.

Z. Wang, “CMOS adjustable Schmitt tri-
ggers,” IEEE Trans. Instrum. Meas., vol.

(2]

[3]



26 o A 23} 949 AFE Al¥ + 9le OTA-R #7E E2A & e i

IM-40, pp. 601-605, June 1991.

[4] A. B. Grebene, “Bipolar and MOS Analog
Integrated Circuit Design,“ ch. 11, John
Wiley and Sons, 1984.

[5]1 National Operational Amplifiers Databook,
National Semiconductor Corp., Santa Clara,

CA, 1995.
x X & 7H

& $(EgR)

19691 94 28U, 1995 24
Aoty wkeAgE) £
19959 3% ~ &A AFdw
Ed AxlgEtat AAkA A
&3 FaAlRol: Bipolar
CMOS ellds 1 AA3)8 AA|,

(6]

[71]

W.-S. Chung and H.-W. Cha, “Bipolar
linear transconductor,” Electron. Lett., vol.
26, pp. 619-620, May 1990.

P. E. Allen and D. R. Holberg, “CMOS
Analog Circuit Design,” ch. 7, Holt, Rine-
hart and Winston, 1987.

A A BR(EER)

19674 99 28241, 19894 24 A
Fojgtw wreagatla £ 1993
d 29 AFoista skl Azt
2} g At 39 A5, 19949 3Y
~ A Azt R Az
st} uhalabd] Afaky Sl Roks

A4 Alzxe] 32 A 59 Bipolar ¥ CMOS ofixd 21 #1332 AA|, A A5
2] 3|2 AA 54

8 T HOEER)

19554 1149 344 1977 24
ghefoisha AARgAE e} £
19799 8¢ Fhfstar oiehd
AxpgAlEEt gekdakstel 3
5. 19861 3¥9 U BRA(Shiz-
uok)eh& Azptst oAt et
ukalsle] #E. 19869 49 ~ A AFosa viw
Alg-a 514, F3Al ok Bipolar @ CMOS o
27 2452 A, Ak AaAe] 32 A 59

(1512)



