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Abstract

This thesis present a CMOS integrated eircuit design for magnetic card decoder which
is applicable to draw by hand and automatic machine. The data signal in magnetic card is used
the two frequency coherent phase encoding which is the standard ISO 7811/2. The basic of
data decoder is using edge of ISO signal from magnetic card to generate ramp signal. By
comparing the peak voltage of ramp signal and the reference voltage of the lead pulse signal,
we can separate the pulse width of ISO signal, so that the data will be decoded. Decoder
provides three output signals, i.., data, clock and start data signals. The designed circuit
comprises of many basic circuits by using CMOS technology and 5 V supply voltage. From the
simulation results base on P-Spice program, we found that the designed circuit can decode the
data correctly in wide range of drawing card speed. After that L-Edit program is used to layout
the integrated circuit pattern of the designed decoder. By using T-Spice program to simulate the
results from the layout pattern, the reslts confirm that the designed pattern work correctly and it

make sure that the pattern of the designed decoder can sent to the real frabrication.
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£ 9y
o

7101 5.47 uaaadya A1 IIAATUAIA 34,5 ms 19 365 ms

Vol
10 -

G =l s (! N . R X ') 1 ] L ' 1 g

e —

7 —

8 - N e

5 -

4 -

3 -4

2 —

1 e J‘i e 1 L — % oo Eﬁ!

0 : _":’_ql_lw “.” . e : T i Time (8)
3.45E-02 3.50E-02 3.55E-02 3.60E-02 3.65E-02 3.70E-02

— |80 — STD CLK —— DATA ——Peak —— Ramp —— 75% —— 50%




98

. ' v £
317 5.48 uaAsFyg A1 RATUAA 36.5 ms B9 39 ms

Yolt

0 T

e RS o PRI ¢ Y O e S e,

B -

7 -

. S RS, G

5 ——

4 —

3 -t

2 —t

0 e e S aees i Time (s)

3.65E-02 3.70E-02 3.75E-02 3.80E-D2 3.85E-02 3.90E-02 3.95E-02
— ISO —— STD CLK —— DATA ~— Peak —— Ramp ——75% —— 50%

' [} 4 v
91l 5.49 uarasdyuAR NIRATLALLIA 39 ms 04 40.5 ms

YVolt
10

g = . g 1 e o 3 4 L J 1 = A & | - I § L)

8

7

6 — A%

5

4

3

2

1 , o

0 -+ S gij T 1_..4—': T I \J—’_ll_.(_ ﬁi Time (S)
3.90E-02 3.95E-02 4.00E-02 4 05E-02 4 10E-02

— IS0 —— STD CLK —— DATA —— Peak —— Ramp —— 75% —— 50%
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¥ v
o

711 5.50 uanadyg A ifaTuAA 40.5 ms D4 43 ms

Yolt
0 T
g -+ PRASTEINS ot VS, aposder iy ot o | |EEISESE | PR
9 -
7 —
T P et e
6 ——
5 ——
4 e
3 P
2 posl 55
g ~ = . i i e
0 = e e 1 i — Time (s)
4.05E-02 4.10E-02 4.15E-02 4,20E-02 4.25E-02 4.30E-02 4.35E-02
—_ IS0 —— STD CLK —— DATA ~—— Peak —— Ramp —— 76% —— 50%

51# 5.51 uamsdyouan inedy

9y v
o

Aale 43 ms ﬁa 53 ms

Yolt
U
gl Ty
e i 1
7 pe
6 —t
= ~d
3+ e
e o A
1 ) P e v 2 .
0 S f f o f g Time (s)
4.30E-02 4 50E-02 4.70E-02 4.90E-02 5.10E-02 5.30E-02
— SO —— STD CLK —— DATA —— Peak —— Ramp —— 75% —— 50%




100

Ha0INnsBaatue ey sunss T-Spice

Nanuswedulumsgaling= 0.98 m/s



101

¥ v
o

71 5.52 uamadygIeAg MifaTudwd 0 ms A3 2.7 ms

ke
ﬂ‘ el | s — l ;T - | P | .
) {]_,’ = : | Iﬁ/‘ = : | el gl TImE (S)

O=2NW AN ND OO

0.00E+00 5.00E-04 1.00E-03 1.50E-03 2.00E-03 2.50E-03 3.00E-03
— ISO — STD CLK - DATA —— Peak —— Ramp —— 76% —— 50%

d' o 1 d‘ a é’ G’I’ . <
3U% 5.53 uaRIdyIMA19 NINATUAIA 2.7 ms DN 5.4 ms

Yolt

10 —+

T R W 0y = 0 v o g e VN (NS« = SN '

B -

e

8+ —— A\ o i N N € N~ (G (G

.ol

4 <+

5 -

g L

1+ = e e

0 e T 1‘.¢_~rﬁ,  — :ﬁj" Lr:" o T..r"’ 1 Time (s)

2.70E-03 3.20E-03 3.70E-03 4 20E-03 4.70E-03 5.20E-03 5.70E-03
— SO — STD CLK —— DATA —— Peak —— Ramp —— 75% —— 50%
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= o 1 a a ng :: 1 =
zﬂﬂ 5.54 LAAIAYUIUANNNATUAIA 5.4 ms DY 7.5 ms

Yolt

10 -

g9 ]_ By gtiiany | s = s i tecarag o= T Ml ST R

B = S

7 -

e s & g

5 -4

4 -+

3 -

2 P!

1 - p ———1 .

o + = i

§.40E-03 5.80E-03 6.40E-03 6.90E-03 7.40E-03 7.90E-03
— SO —— STD CLK =—— DATA —— Peak —— Ramp —— 75% —— 50%

v v
g

51l 5.55 uaraadynua ifaYuALLE 7.5 ms 09 9.5 ms

Volt
R | ey % T DAY s g gy e T
9
:
7
6 I [ ] G
5
4
3
2
e =t | ;
R 1 T i 1 Time (s)
7.50E-03 8.00E-03 8.50E-03 9.00E-03 9.50E-03 1.00E-02
—— 150 — STD - CLK —— DATA —— Peak —— Ramp —— 76% — 50%




' ' 4 v
7171 5.56 nandynuA iRATUAE 9.5 ms D4 11.6 ms

1083

Volt

10

4 i g RO s (TN ol 1254 oy WOMEMIR ;oo 165500

8

7

[ [ R AR |

5

4

3

2

1 . A

0 e e e e Time (s)
9.50E-03 1.00E-02 1.05E-02 1.10E-02 1.15E-02 1.20E-02

— SO —— STD CLK ——- DATA —— Peak —— Ramp —— 76% —— 50%
:: .3 1 :{ a dy n’/’ ] =1
§1J1n 5.57 LAANAYYIUANNUNAVUALLA 11.6 ms 09 13.7 ms

Volt
10

g Ve YL N ATASA T <K MITD J

8

7

5 = P W7 ONFY Zon.

5

4

3

2

1 = — =

0 f - Time (s)
1.16E-02 1.20E-02 1.24E-02 1.28E-02 1.32E-02 1.36E-02 1.40E-02

—— |50 —— STD CLK —— DATA —— Peak —— Ramp —— 75% —— 50%
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a' o 1 d’ a 4’ : 1 =&
IIIYI 5.58 Llﬁﬂﬂﬁflluiy']mﬂ']d"]‘Mﬂﬂ‘Uuﬂﬂuﬂ 13.7 ms D4 16 ms

Yolt

O=aNWEO~ND OO
1
;-

___;ﬁpﬁjz;_é_-!zﬁ:a—‘*q‘—lﬁz’_ﬁ—p— Time (s)

1.37E-02 1.41E-02 1.45E-02 1.48E-02 1.63E-02 1.57E-02 1.61E-02
— SO —— STD CLK —— DATA ——— Peak —— Ramp —— 76% —— 50%

4 4
o

51 5.59 uansdy A1 MRATUAWA 16 ms D3 17.4 ms

2N WEOO NDO O

Time (s)

160E-02 1.62E-02 1.64E-02 1.6BE-D2 168E-02 1.70E-02 1.72E-02 1.74E-02 1.76E-02
= |SO —— STD CLK ——— DATA —— Pgak —— Ramp —— 75% —— 50%




¥ ¥
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U7 5.60 uanaFyyIUA IAATUAWEA 17.4 ms D4 19.2 ms
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Yolt
10
g e ey =l s | G e e O S o
8
q
6 I 1 I
5
4
3
2
1
0+ Time (s)
1.74E-02 1.78E-02 1.82E-02 1.86E-02 1.90E-02 1.94E-02
— |SO —— STD CLK ——DATA -—— Peak —— Ramp ——=T76§% —— 50%
d' % 1 dl a dy n’: 1 =
ilh’l 5.61 UAAITUYIUAWNININAVYHALA 19.2 ms B3 21 ms
Yolt
0T
g —3l = St (U A7 ot e O T by
B -
7‘ —“4—
6 po _‘ J L
5 -
4 -
3 -
2 - Y
1 )
0 Time (s)
1.892E-02 1.95E-02 1.98E-02 201E-02 = 2.04E-02 ~ 2.07E-02  2.10E-02  2.13E-02
— SO —— STD CLK = DATA. —— Peak =—— Ramp —— 75% —— 50%
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1] ' : v
51 5.62 nanadyY WA TIAATUAWA 21 ms §9 22.8 ms

Volt
10
g T e el 7 e L sk )
8
7§
B = |
B coteedh o
5
4
3
2
1
0 i Time (s)
210E-02 2.13E-02 2.16E-02 2.19E-02 2.22E-02  2.25E-02  22B8E-02 2.31E-02
— |SO —— STD CLK —— DATA '=~—'Pgak . —— Ramp —— 76% —— 50%
a w ' & a0 1 =
I'lJYI 5.63 Llﬂﬂﬂ’diyiy’lﬁm’ld‘]Vllﬂﬂimﬂiuﬂ 22.8 ms 84 24.4 ms
Yolt
10
g il e T AL AW/ STVORE- \\ of LU A
8
7
B I T8 AV~ "R
5
4
3
2
1
0 - Time (s)
2.28E-02 2.32E-02 2.36E-02 2.40E-02 2.44E-02
— |SO —— STD CLK —— DATA —— Peak —— Ramp —— 75% —— 50%
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v v
o/

UM 5.64 uamady U IAATUAUA 24.4 ms D4 25.8 ms

Yolt
10 +
il s\ TE==Y I | TR il S | SRR S |
B -t
7 ——
6 —+ D i el
5 =
4 —
3 —t
2 = 9
1
0 Time (s)
2. 44E-02 2.4BE-02 2.48E-02 250E-02 2.52E-02 254E-02 256E-02 2.5B8E-02 2.60E-02
— SO — STD CLK —— DATA ~—— Peak —— Ramp —— 76% —— 50%
a‘ o 1 q' = ; u’: 1 =
jﬂ‘ﬂ 5.65 HAAIAYYIUAWNUNAUVUAILLA 25.8 ms 94 27 ms
Volt
10
9
8
7
B
5
4
3
2
1
0 Time (s)
258E-02 260E-02 262E-02 264E-02 266E-02 268E-02 270E-02 272E-02
— S0 —— STD CLK —— DATA =—=Pgak —— Ramp —— 75% —— 50%
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' ' Ed 4
U7 5.66 uanedyY LA NAATUALIA 27 ms T3 28 ms

Yolt

10 T

9 + el " i T o e i, SRR o ey

8 -

7 4

5 + LSRN 1

5 -

4 —

3 b

2 -

1 -

0 _W | Time (s)

2.70E-02 2.72E-02 2.74E-02 27BE-02 2.78E-02 2,80E-02 2.82E-02 2.84E-02 2.86E-02
— |ISO —— STD CLK =—— DATA ~—— Pegak ——Ramp ——75% —— 50%

¥
o i

' ' vy
31 5.67 nanadyyiuaR IaYLALA 28 ms 89 38 ms

Volt
10

g9 LIt

8 — B L/ AN N

7

6

5 e R

4

<)

2

1

0 i f f T —] Time (s)
2.80E-02 3.00E-02 3.20E-02 3.40E-02 3.60E-02 3.80E-02

— |SO —— STD CLK —— DATA —— Peak ———Ramp —— 75% —— 50%
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a £ v o 1 o
M3 6.1 doyanlwiwearsesoeasiadnsusiman

M

MIN MAX Units
Supply Voltage V. 4.5 5 Vv
Supply Current I 2.67 8.45 mA
Hi Level Input Voltage Vy, 2.75 5
Low Level Input Voltage V, 0 1.5
Hi Level Output Voltage V., 4.95 5
Low Level Output Voltage V. . 0 0.05
Output Rise Time and Fall Time 250 300 ns
Propagation Delay 21.6 - us
Quiescent Current - 2.57 mA
* wanemg misinglumnaiiunanmsdyady
M3t 6.2 Toyavesnesaeasiaiasminn
MIN MAX Units
audalumsgatiasvesindoyalu undafi 1 | 0.05 1.2 m/s
anudilumsgatasvesindoyalu uniniiz | 0.4 3.38 m/s
auda lumsgainsveaindoyalu undafi s | 0.05 1.2 m/s

v oA 9 ' o t @ ¥ ' '
* mnoime A 1a uusazunsa ldvhAuisennnnumuuniuvesdoya luudaz

- v e a U o
Lmiﬂvlm'ﬂ1ﬂ'u (71Uﬁ$LBUﬂSQ1N1JYWI 2)
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UITUIYNIN

(1]

(2]

(3]

(4]

(5]

[6]
(7]

(8]

Anant Adke , David Lipin , Mike Pottenger , Chris Yiu , L-Edit ™ Layout Editor Manual
, Tanner Research , Inc. , 1993

David A. Johns ,Ken Martin , ANALOG INTEGRATED CIRCUIT DESIGN ,John
Wiley & Sons, Inc.,1997

Mary Ana Maher , Mike Pottenger , T-Spice Circuit Simulator Manual , Tanner Research
, Inc. , 1993

Paul Hirowitz , Winfield Hill, THE ART OF ELECTRIONICS,Cambridge University
Press, 1980

Phillip E. Allen ,Douglas R. Holberg ,CMOS Analog Circuit Design ,HOLT
,RINEHART AND WINSTON ,1987

sileed CMOS 2000 SERIES U3t HiBanasu 1 w.e. 2534

FIYING INYDAIUALIRS WANAY HAINA,”NITBBNLILVINI neasHaTasIaivan” AT
UszauInmeniadsanssyin At 20 MIINTHUMIINGIRY, W A, 2540

auan 9i3nfomedt " szuunaugumsidn eenlasldiasuimin ” , Inerdinug
Fenssumnans wndudia avdmnssuiiih  aednsidansetind  aoniu

maTuTadwszeoumnduinunmsmanszys We. 2536
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Tysunsu L-Edit

a a o = 2 4 ) '
TuSneniinusatiuil sxdeadiou Layout ¥893993 ¥eTUsunsuil9fe L-Edit Version

v " d!l
5.00 $19muu DOS TasdunaulumslFauee ldvuauedsae lUi

] £ [
717 n.1 uaastupoui 1 lumsidau

0pen an axéiafinq Aisk File

msdaufludoya @it n.1) finsamumaTuTaof 15 umsnaasn Faldsunsudl
nawma Tulat Iiden 1y i

Technology Setup File: mHP_n08.tdb
MOSIS:Hewlett Packard Technology: 0.8U, N-Well (Lambda = 0.5um, Technology =
SCN3M)

Technology Setup File: mHP_n12.tdb
MOSIS:Hewlett Packard Technology: 1.2U, N-Well (Lambda = 0.6um, Technology = SCN)

Technology Setup File: mORBn20.tdb '
MOSIS:Orbit Semiconductor Technology: 2.0U N-Well (Lambda = 1.0um, Technology =
SCNA) iHudu
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' ;’ ' v
77 n.2 ugastuneui 2 lumslyau

L-Edit" File Edit View Cell Arrange Setup Special
Filed peeReadiseets Lor ORISR RRS ERR nRRE R R R SRR FRRRER IR CRS IR RIDIRGR

hm’-' |l Read Design File:
- || [porbn28d . TDB

® Tanmer o CIF

laf)ﬂal‘l’f’ MOSIS:Orbit Semiconductor Technology: 2.0U N-Well (Lambda = 1.0um,
4 & -
Technology = SCNA) Tasmstleuseuilutdoya morbn20d.tdb Fuhuududoyaiuilu Library

VYDIADINNATHAA ) FINITIN .1

M13799 0.1 UerAS Library 494 Standard Cell Minnl¥luniseonuuy

Cell Name Cell Description
Bufl Non-Inverting Buffer
Inv Inverter
Nand2C 2 -Input Nand Gate with Complementary Output
Nor3C 3 -Input Nor Gate with Complementary Output
Nor2C » 2 -Input Nor Gate with Complementary Output
Nor2 2 -Input Nor Gate
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d .o g
JUN n.3 nanwannduaui 2

[L-Edit™_ File Edit Uiew Cell

rORBr26D. tdb V5.68
HOSIS:ORBIT 2.8U SCHA

' Ed v
11n31% n.3 uand Standard Cell Manuafigsnmenlyla

1 n.4 uaasmsilaududoyanaueeniuy Layout

L-Edit File Edit View Cell Arrange Setup Special

|| Read Design File:

[morbnz6]. TDB

® Tanner o CIF

(Cancel ) [C_OK 1)
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TasmsidenldezdesTauftudoyaiifuma TuTatifieaiuiy Standard Cell AagUil 0.4 uae

a e o = o 4 1o 4
uiudoyafidarziiudaglii 5 uasuiinuiludeyaluvelnidegui ne , 0.7

717 n.5 uamdludoyaneuoeniuy Layout

L-Edit" File Edit View Cell Arrange Setup Special

(56,17)

morbnzB
CellB
Poly

Copyright (c)

File: mORBn28.tdb

! Process Technology Setup File

#] Technology: MOSIS:ORBIT 2.8U SCNA
Design Rules: MOSIS Scalable Rules

Versioin: 5.88

e

1989-93

_;anner Research, Inc.

JUN

n.6 uaraamstiuiinududeyaln

place Setup...

L-Edit" JBglel Edit View Cell fArrange Setup Special
*N

28 .tdb

hnology Setup File
MOSIS:ORBIT Z.8U SCNA

2. MOSIS Scalable Rules

wl.BB

opuright (c)

Tanner Research,

1989-93

Inc.

Save current file to disk




Ui n.7 namamstuiinuiudeyalnineuseniuy Layout

L-Edit” File Edit UView Cell Arrange Setup Special

chipl
CellB

Poly File: mORBnZ28.tdb

Write Current File to File Named:

»{ Proces g ms

Versioin: 5.88

_;amner Research, Inc.

Technd ® ™™ o CIF o GDSII
] (Canee1 ) (o 1)
)7 TR U — e Rules

I I Copyright (c) 1989-93

A o

3 » ¥
19faufda91nmiy Cell 1500 Instance NALY File oidonufludoya Library imiuee

15109 Standard Cell 1¥i50n dag1/i n8 , 0.9, .10

U7 n.8 uaAn131h Standard Cell ¥ 1d00NUIY Layout

e

L-Edit™ File Edit View Arrange Setup Special
chipl Info...
E’iw New... N
iad Open... 0
Revert Cell...
Close fAs...
Delete... B
Rename... T
Fabricate...
Flatten

Instance existing cell

118

o < - °
iohimsouiinudndoya Inifawisalion Layout 181aen151i1 Standard Cell 17
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1% 1.9 uaaIN1311 Standard Cell ¥4 Nand2C nldeeniuy Layout

L-Edit" File Edit View Cell Arrange Setup Special

( File ) morbnZBd

Select cell to instance.
LatPC 4
Library

JUM 1.10 1aAq Standard Cell Y94 Nand2C

(67,33)

L-Edit™

File Edit View Cell Arrange Setup Special

chipl
CellBd
Poly
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5U# n.11 waa layer A9 9

MetalZ2 Poly ConCCD
tact

'- -'-
i

f%‘” .ﬁ-

= 4 A
JUM n.12 naaunsesiolumsna

[ = |

oF
>

—
N
w
N
(9]
N

woed 1 lugnasilfideningivesziinmiaudly
4 A A o a Y P a
iwed 2 1WunTesiionmua layer vgnaldidugiamaon
¢, o 4 0 4 o
wes 3 Wuinsesiienmua layer Noznaliidugi Polygon
¢ & A o = Yy Y da
was 4 Wunsesiienmua layer Nz naldithuduninnunu
g 4 o = &
woes 5 WhunTesilefvua layer Nz nalditugiaenan

wes 6 1WunTodlaeudonNIMAVLY layer
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a1 £y ' 9

a [ o LY
Tumsnavzdadldudlufinisuduand Avesdmuandrvaztiudivendaoiuzns

Mauveund

Ui n.13 nansamuzve s dUNG

L-Edit® File Edit View Cell Arrange Setup Special (43,-43)
chipl et
CellB

Poly

a ' 9 fd ¥
zﬂﬂ .14 Ll'dﬁNﬂ']iﬂﬂilﬂm']ﬁ“]f'lﬂ&ﬂﬂﬂ'lﬂ'lﬁ'J']ﬂ

[1-Edit" File Edit Uiew Cell Arrange Setup Special (44,-37)

e RIS oS sa

i

[Drawing: Box on Lager 'Hetall’, =25, H=4




JUN .15 uanamsnatjuandundeniagitessiimsud 1y

File Edit View Cell Arrange Setup Special (51,-35))
S
' ’ ' Ed
Ui 0.16 uerAINsnA Shift + Yuandy iWeidonTagiiuiu
(67-’3)

File Edit View Cell Arrange Setup Special

|801u:tlom: 2 boxes
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3171 1.17 uaaamsna Cul + unnddno tiedaaon Metal 1 910 A 11 Our

ile Edit Ulew Cell Arrange Setup Special (97,-51)

r
I
!

51/l n.18 ueraImsna Cul + Junndyn iheiaendngainvey

[L-Edit" File Edit VUiew Cell Arrange Setup Special (64,-38))

td
ad s

M591NVoUAIT Tz IR Layer 181910 Metall 1Waswmilu Active fip Layer voa3ngiiaon



124

710 n.19 uaaawaveamsidening lasldmsna cul + funndun

I-Edit™ File Edit View Cell Arrange Setup Special (64,-38)
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