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ABSTRACT

This paper proposes a design of Schmitt trigger circuit with multi-level signal or ternary
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TumsWanmamaTulad VLSI (Very Large Scale Integration) {Humskanasasiiionlsd
funn mszhiidedniunaTuTauuudug varedszms wu msgapdovemdsaudind
Tounaduiuaudgenn mseenuunin 409 Felanudesnsuinvesaudiu mlszuia
MO (Signal Processing) HUUIIITTIMFNAYY (Single Chip Circuit) NM3Hiuazilse
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oonuuuiiu VLSI lumsoonuuy VLSI luszuuiifly 199501100 (Analog Circuit) dau

v an

P v I @ @ 3
TnajiisinnfAeasesnsesdymia 2esulasdyapueuaeniludya ufinea (Analog

U g L]

[

to Digital Converter Circuit) taza3vsutasdyapuatneaiiludayaiseinaen (Digital to
Analog Converter Circuit) 199515 oueunsT LA (Current Comparator Circuit) 2993 AIUAN
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= ' T 4 :1' 1
maluladey 2 uuuAeuuylulnas (BIT) uazued (MOS) Tasiinua 1weguusInguves
mATuTa829953I0FaNBY (Silicon Integrated — Circuit Technology) laBilonaUNITDONILY
3 4 1 % dy = a & 3 1
g5 wuez ldmaTulauesluInars uamiofimaluladveamealdnsydulntusd
= ' = o q ¥ = Y , 2
n B4 ludmveunalulagveawea Mliaunsoussyiesnuuu Btianunuutiuinndy

1B HHIIAIUTT (Memory) M85 2U2aHA (Microprocessor)

2.2 NQEAMIMOUV0 0T

v 9
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Id =ﬂ[(Vga_V;‘)Vdr_V;} (2.1)

- ' ar a0yt w W
Tavh B = fnIuanBuUSAUALT ( Transconductance ) A umifiu #C‘”[f]

4 =manmanuadssdives lsadnsediinaseu (Surface Mobility of Carrier )

C, = ﬂ‘1ﬂ11mﬂﬂﬁ1ﬁﬂﬁi’uﬁﬂlmmﬂ§ﬂﬂ?l‘lfﬂ( (Capacitance Per Unit Area of the Gate
Oxide)

W = maundnveusaiua (Channel Width)

L =anutrveausauua (Channel Length)

v, =useau Ithszniannfiugen (Gate-Source Voltage)

v, =ussuvfhssniiuasuiugea(Drain- Source Voltage)

v

t

= U3AuRIsY (Threshold Voltage)

I, =nisuaaiu

A ~f— Saturation —J»
— Linearf!— \\';gs‘iz zgsa
: gsi gs2 Vg_q
: Vosa Enhancement Mode
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z"“z Depletion Mode

P Ve
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%319 N-Channel
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¥
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L1 r

Haioond ¥, wah i hifinssumasulvadeeunmsi 2.2)
I,=0V, <V, (2.2)
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1
Id =%(V35_K)le —"'5'":|,Vg‘. >Vr;0<Vdr <(Vg_’—p".) (2.3)

=4 ] w @ V2 lﬂl
& ¥, fanles 9 wie'ludald 0<v, <, -7, ) ssawisadamen £ Tuerumsh

(2.3) TAuazamnsoyszytaaumsidiiu
L=V, -V Wu Ve > V0V, <V, -7,) 24)

snauduiuseudadulumunsh 24) snaainmsiauvesmdaiiuainy

dumunlaouthudaudu (R,,) gnasuguiassuseiuliives v,

R, =2 =y, -7, @3

1,

] .
3. 13 Tug 290U (Saturation Region) Aoy nitoz ludaliussdufimsudvaeia (v,,)
¥ .
winndmsamdu [V, -7, ) dofues Wnszumasulugrsudaiiv

-~

L=pV,-v}v,>v0<(, -7)<V, 2.6)

spiftuhaunsnszudiasulugndudaf 1Restmaei s usuusedu dfhdnsusy
wod (V) Uz AU R ¥, ~7,) Sohldnumsiuhlauguinuusvengay
MsAEIBY (Square-Law Equation) M9 Iavannsnudasnsmamausinisdwleou
(Transfer Characteristic) 1‘1111[1"‘1 (2.5)
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2vsrugsimimsanesuuyluInes  uesnsusmsguoud@ns Teunioussdu
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uaasllamgh 3.0 uag 3.2 audwudmiondnnisiiag fis naudmees T, uaz T, §
1 o a e o1 o ¥ 2 A ¥ At o o 2 Po
daunhaulugedudafidneiu mse R, > R, W v, Tuaanssuduiimdnihld 1, hihow

nszueivaru R, Tfuuaves T, sldifanmssuda 1dh
Vo=Vo =V + Vcsz(w) (3.1
ﬁ. B nl 3 1 o o d‘ = ~ 1
yuzfnsaduduynmiiniu nszud tvardhm R, nduninwa T, Tl T desunniia

V, =2V, =V, +V (.2)

BE |{on)

Wilfnszumumiivane Humgld T, annnmsdusias nswdaaed T, szrhinssue

s v
V; =V, 0003 AU T, 92fiedud uaz T, 9 hivhen uaz

Vo =Vou =Vec (3.3)

d‘i o oYY o 9 o ]
wduilenszuansaanmesiazdiimmeives T, anna ThungWnszuadiawmes lnar T,
¥ [] M
WINTU N2 V,, BamaTiogy Vg, ., vesussdudunn  mgibhldnszuaneanniaesd T,
l; J q' H -3 L g A " a
iU uaznszumuave T, mudu thangeadhlnduaniandudn e T, Tivhaw uas
A o = a o [s ¥ o o = o
T, oudn Sauymitunssfuavusadueniynesedluamie High g 3.1 wwnseia v,

or «
Sunsedumsalaaday

Vi=Vr_ =Vg * Vpeitom (3.9
R
%”&%“Eﬁg% (3.5)

9InAIBHIUBY IC7414 sHMIMSninesuy TTL nay m. gungiilnd 25°C,V,, =5V,

Vo, =1.7VuazV,. =0.9V uazemnsmguantians Toumioussiuss liannseadaldinugag
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1% 33 urasanuduRusve s LB UM uus s eIy NBnunlasiiye v, uaz v,

= =, d = d
3.2 FUOAVANNNINNGS
a ] <4 s o = « = =1 Fe] U
Aretnvesdueasiinininines 74HC14 ihisesdueannuSageiiianeg 6 wnm Hu
= e ¢ m o - o L - =1 n’: 1 £
upudunesessininimnes munansligaingli 3.4 Whiduvemiue daudnuwdhu
P-Channel uazdmaruilu N-Channel MOS M,, ung M,, Womludnymz Source follower
wazih Wiindamessda Tasmstlounssdumeniynvesydininianesnduin danuenivym

fuduvedlasiined 2 ddefusg

Inverting Schmitt Trigger Inverting Inverting

s subcircuit buffer driver
Vil T A e
o—— _J —[\/x §Vo
N
M -= .
—f_l_Mm _L_

3U7 3.4 UEAIII93 DN 74HC14 HCMOS inverting Schmitt trigger
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3.2.1 nann1shau .
- o [- ) 1 )
e v,= ov lau M, uaz M, wihnszumasudniios ua M,, Uaz M,, 9¢ it
TN Vy =V @30 M, 8409 OFF uag M,,, ON naziauludnyme Source follower Mg
o o o & a & a
MNBUIDIIABI 2 YA 1OTAYN V= Vg, =V 105U M, Tnuiiu Vee - Vo I8 V. fiB
U5 sa Taad4ne N-Channel
4 P A 4 o & o P o
danswuBUyNRNIUNY vV Tas M, ON uazusifuIAsuAnas VAT EDFTERL T

o o
nIinineas
Vre =Vosa + Vs =V + Vi (3.5)

ko
M,, 9 ON uaendufuedega 1 My, uaz M,, sthnszua v, annufiy 0 M, 92 OFF
az My, 92 ON Msdnszuaues M, sivlfinssumasuves M, dasuazegluanig OFF
AWBUIBIANT 2 4R V=V, =0 V

Vr, Bz lasmslinnaiinssuavemnudanes vazil M, ON

VDSI i VGSI Vo (3.6)
Faviu My, S1lnd 4 yaduda
1 2
Ip = Eknl (Vn iy VTn) (3.7
M,, SansBudadan
1 2
I = Ekns (Vcc el VDSI) (3.8
1

2
= E K3 (Vcc - VT+ )
b4 =y o
HIAAUNITNIND LYY forward

nl VTM

Vie = 3.9
T 1+.k, / k , i

Voe +k, 1 K
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sasduves Inandesouilumsimesidifylumseeniuy

2
knl _ (W/L)nl ~ Vcc “Vn (3.10)
VT-!- HVTn -

Aidsanaefagdasimsiuiu v,,
Pl Y o as = [T} ’ o s o
iie v, aan1n V. 1 0 v adwiudsniside sasmsndufiuediuiiveussdumsalaadd
[ 4
V.. 69 9 V, = V. M,, Uag M,, OFF Ufl M,, Uag M, ON V, =0V #a1iu M, OFF uag
M,, ON 19110122 Source follower 181 WNVYDIII03
v 2 -
Y=V ="Yg, =0¥ m}m Source YBI M, B V.
B A a o ] P I | & ol = & o _ T
HipusRuBuIManas Vo - [Vo | 1 Vo | fle ussdumninesndy v = [vyg v, | Ta
A . ar S 1 ]
M,, Sminszua AU M, 1ag M,,ON v, 1hustusawuls V. Tau M,, ON tey M,, OFF
o I
TUBMINN V=V, =V, = V.

M,, UAZ M, BUA7

I, = %KP,( A D (3.11)
1 A | 2
oy I, = Ekrs(lyoml —’VTPD = Ekm(VT_) (3.12)
W1y, =1

v~ v‘km ! kpy (Vcc "|}I/Tpl)
. 1+\ﬁm (3.13)

U5 AAUNT NIADS LU LRSS BOAULLINTUMS

wiL), v,.
WD)y | Vo =y ||

(3.14)

msesnuuy cMOS 1R aunas deqld



k _ knl _ ki’l
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uag Viw = |Vrp| =V
a 3 o o ot o
JUUNTIAUFTND I THL
VH = VT+ - Vr—

AUMT (3.9) waz 3.13) wwla

ATeRANLLINNS 11

P s

Jk, ~ Voo + 24V — 2V,

awsa IdilugamessFegllduuvanas

15

{3.15)

(3.16)

(3.17)

(3.18)

fussnumsalaadn v, = 4.5V uazguuging 25°C v, =2.7v, V, = 1.8V duiu

usaduBames3Fa = 0.9 V uaveminnasauile V.. aaay  HCMOS winvinsminesil

AaIUTVNIUA

UM 3.5 nansussiumsalaad vy, uaz v, M Vg, v89 74HCI
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1507 0 -rn) =55 (a1

5 &

2
(2-1 =357, ~[1~04(J06+7, - Jos)))
wieumsiidmdy v, o218
v, =2976 V

VINMISAVLA A M, 8glugniz OFF

Vsa =2—2976= 0976 <V, =1

(3.22)

(3.23)

(3.24)



26

4. AV, =35V
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A 4 a L
FAUANUAUWUT AU
XY = X%z =R-y (4.1)
1 = @ 5 ' 9t o o dar dy
IFUIRSINDY interval LOY Literal Lﬂ‘ﬂi)xQﬂﬁ‘i"lﬂﬂllﬂi]’lllﬂﬁ‘:‘lﬂﬁ U
*X® =(R-1) *x¥ (4.2)
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faxb®! —min(1,2°X") (4.3)
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No. Common Name Symbolic Notation Value Condition
Primary Secondary Positional Base 4
Examplea=1,b
=2,y=X
1 Restering Identity X <0123> X standardized
2 (Diametrical) Inverse % <3210 (R-1)-x
or Complement
3 Maximum max(xy) X+y <3223> Xifxzy,else y
Xvy
4 Minimum min(xy) Xey <0110> X if x<y.else y
XAY
5 Successor X Suc(x) <1230> {(x+1)mod R
6 Cycle, (Clockwise %P Xl=3 <230 1> (x+b)mod R
Cycle)
7 Counter Cycle %P x'=x <2301> (x-bymod R
8 Literal Function 8y b X(a,b) <0330> (R-1) if azx<
b,elsel
9 Delta Literal a x J(x)a <03 00> (R-1}if x =a,elsed
J Function
10 Closed Interval (2 x B <0110> 1 if a<x<b,else 0
11 Open Interval Ia o b <0 000> 1 if a<x<b,else 0
12 Delta Interval 25 e <0 100> 1ifa=x,clse
13 Upper Closed Semi- lay <011 1> lifa<xelse 0
Interval
14 Lower Closed Semi- % <1100> l1ifasgxelse
Interval
135 Lower Open Semi la y <1000> lifx<aelsed
Interval
16 Upper Open Semi- x™ <0011> lifa<aelse0
Interval
17 | Threshold Literal (Up) Uyt <0111> lifxza, elsed
18 Step Literal (Down) Do) <1100> lifx<aelse )
19 Trucated Difference XHa | <0012> X-aifx >aelse 0
20 Limited Sum X[Ea <1233> X+aif<R-l,else
Truncated Sum R-1
21 Multiplex, T(x,y.q) <0123> Xifq=0
Selection, <3210> Yifq=1
Transmission (T), Tree
22 | Multithreshold MT(R) <pqrs> Use a thersholded
Sum to lock up a
Table of values
23 MV NOR min Min(xy ) #l L= X ifx2y.else y
)
T MYNAND max Max{(X Vy ) it X ifx<yelse y

(xy)
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A DESIGN OF TERNARY SCHMITT TRIGGER CIRCUIT
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Faculty of Engineering, Kasem Bundit University, Patanakarn Road, Bangkok 10250, Thailand.

Abstract : This paper proposes a design of Schmitt trigger circuit with multi-level signal or fermary Schmitt trigger,
The circuit operates on current mode with two-current comparator circuits by using positive feedback technique, the
threshold current can be gencrated. And the last stage is V-I converter uses to produce and combine cach hysteresis
loop as the ternary Schmitt trigger operation. All results have been verified by simulating on PSpice based on ES2

technology model,

1. INTRODUCTION A

The Schmitt trigger circuit is a bistable
circuit, it is widely used for both analog and digital ¥
circuil in order to protect against the signal atlenuation
and interference noise. The Schmiit trigger circuit
designs arc able to use both CMOS (1,8] and BiCMOS
{2] technologies. The research and development of v
digital signal processing are widely done in order 10
obtain the high speed processing. The limitation of
binary number is unable to response the processing

need. A solution is used to increase the signal level in .
the circuit, such as ternary circuit and quaternary b A Lz L
circuit [4]. A previous paper proposed a voltage-mode Fig.1 Transfer characteristic of ternary Schmitt trigger
ternary Schmilt trigger [3,3], this paper proposes a

currcm-mode lernary Sch{nitt_ trigger in order to have the threshold current depending'on the WYL ratio. The
the wide range applications qf current-mode threshold currents are (/) and  (5/4)lsas,
advantages, such as the input current in photo-detector, respectively, the output stage uses to sum the signals.

optical remote couiirol, medical instruments and etc.
The operation of the circuit as shown in Fig.2

2. THEORY depends on the current comparator circuit as shown in
. L Fig.3 |6.7]. The operation can be divided into 4 parts
Fig.1 shows the transfer characteristic of as shown in Fig 4.
ternary Schmitt trigger, it consists of (wo hysteresis
loops. The first loop consists of the threshold current The circuit operation depends on the
Jipe and Iy, The second loop consists of the threshold controlling signal which is obtained from the current
current Ly and Iy;. comparator from the nodes Vj and V,. The assigned
The proposed CMOS current-mode temary threshold currents are up to the ratio W/L, all ratios
Schmitt trigger circuit is shown in Fig.2, this proposed WI/L zre the same. The status of logical “low” or
circuit uses the current comparator which can assign “high” at node Vo depends on the current.
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Fig.2 Proposed CMOS current-mode ternary Schmill trigger.
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Fig.3 Current comparator circuit

In initial state assumed both of V, and V,,
where are output voltage of current comparator
circuits. is 0 V. Because of Ipwz < Ipys and Ipys <
Ipas. So. transistor M,, Mg are trun on and generete
feedback current signal to current comparator circuils.
As the increasing of Iin , Vy and V) still hold in OV.
Until Ipsgz = Toias + Ipng + Ing, Vo changes to VDD and
M; becoraes to trun off. And further increasing lin,
then Ipas > Inns, Vi changes to Vpp and M8 will be
turn off .
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Fig.4 Relation of output voltage and input current of
the current comparator circuits

=

As mention above, the threshold current Iy
and Iy, can be genecrated. On the other hand,
decreasing I;,, the circuit operates in the same way as
shown in Fig. 4.

The output of current comparator circuit are
coupled to V-I converter circuit in the lastest stage. At
here, two - hysteresis loop are produced and combined
together to operate the ternary schmin trigger function
as shown in Fig. 1.
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3. RESULTS Fig5 and 6 show the characteristic of

proposcd temary Schmitt trigger circuit and the

All results have been obtained by simulating current comparator circuit, by using I,, = 0 — 100 HA,

based on PSpice, using the worst case transistor model v = Irer=20 pA_ Fig.7 and 8 show the delay time for

of European Silicon structure (ES2), 2 pum, level 2, 85 charging the status from logical “0" to *1” and “I” 1o
°C. “2”, respectively.

24 - e B R {CL
Fig.5 Transfer characteristic of proposed circuit.
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Fig.6 Characteristic of both current comparator circuits. .
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Fig.7 Dzlay time of status charging from “0" to “1"
Fig.8 Delay time of status charging from “1” to “2"
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4. CONCLUSION

The proposed circuit in this paper shows

simple structure and easy to realize. All simulation
results also verified the concept, that expandable to
quaternary and n-radix current mode schmitt trigger
circuit.

(1]
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