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AHTOUIAT Cy Lo

B s

:
C, :IL

Sia
| T

' =l : .
by G = Anassanutautiuiau (Shear elastic constant)

P, = ANHWNULISRIaNT



ANNTRALUANNS (1)

Twad ot

J 1 L [ A 13 J
FINNITUNUAT AU LILLLLTSAN ST lLﬂZﬂﬁﬂ\lﬂ'ﬁlﬂQﬂQ"lllgﬂﬂqu@lﬂu WU

B [t

il ¢l
21 pq |

6 1 =1 1 1 4 v
= 167 x 10 Hzmm GenAtiddtasfisasnsduras@nadand (N)

e v ¥
(Maissel. 1970 : 108) mrudduiesses@natendaydoulsiiy

fo= = (2)

EJ y Qr AI o ' A v 1= A
f = AanuBduwasBuauTetutiuAlend lusne i i a1sARa L

0

30
20
10

ag [———.uﬁ,-——.—-—-._—.—w-

R L

FREQUENCY CRALNGE {ppm)

-40

0
.]o .
.20}
-30

60 -40 -20 © 20 40 60 80 100 1zo .

TEMPERATURE (°C)

el . at o ol o
nvdseney 3 wamanddnlaeuulasdugaamniid miuusdiuatandninluuunAT

dneiyn 36 0 20 (Maissel.

1970 : 108)




8
=, - 1 . ‘4 ]
ANBALTAY (Stockbridge. 1966 : 193) wudnlumsipfeuans AWmilnasia
A:J y *r - - [ A y s ‘h. X
ANUAAUNBIAANIA  UATANNITOMIANNAUNRETS I Aou B e Busy YR

A ] " tJ y L% ‘J L
waneeniluineibiflanafou (1) furnudduiadiannedeu (1) fauans 3

2
Am KN Am _
Af:fomf=—[lff° A 2= 3)
A
e
s ; .
P = anudduiesansiitiuog Am ndeue)
Apm = WuheeIRoendnsasfunismany
Pq = ANUVLMIUIEAENT = 2.65 gomS
J t:J -J : e =2 ' -«
K = A% & 1 393Uy iunsnseauaassnsaRauyuiLELAlans
(Maissel. 1970 : 109)
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3.2437A79N {Logic circuit)
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ﬁugﬁum'mi’maﬁ’mﬁ%mﬂﬂ%mﬁmﬂﬁﬂﬁ 'Lutﬁﬂaﬁuqznfmﬁwmu"g’maé"lu
Aanaadiannsaindi
3.1 ATHINNANUNAFN ]
3.1.1 mmﬁugm i@ {gate) iunasRamaadiannsaiia ﬁﬁ%@ﬁfyfyﬁm
madmatenne fivesanadien delleudygnadtlidamednluusing 7} Az
Wiygnuseniidmmeeendilusadaulsii s irsunsrtad I
astmssn Simsfmuasnmzlumsinendld 2 annue Asanasidndinei
#1008 Thavi wnudtemsm o LLammq:ﬁé’nﬂﬂﬁ'}@a 25 laav unudoumssn 1
fufunsgiinemminuaneemsen  axliRaadindafu Boolesn Algebral Jailu
ﬁ’nmﬂmﬁaﬁmﬁmmgmﬂm a0 fiu 1 Temsumuanasigandintiigedng 1 sz
wnuamazRRAngindndon 0
dvsuinaTlsznaudnemsnd awme faielLinans (Bipolar junction) SEALIAITN
snadndlningn azegszuing 0080 wazszsuAmsadndlnings avegsruing
25108
winmsilesurasiitadimGu acld6uls A8 C .. Saiianld 2 dn Aa 0
ueT 1 wazineAiiunNg@emssn (Logical Operation) ﬁnﬂmwsﬁugm@g} 3 1tinAa
1.ngaliuNYTLLLeas (OR Operation) AEYEUANHIONNITATRUNTRLIL
88§ Avuvudntiiansnauan (+) uiuessnuuuan
2. NMIANHUNFULILILOUA (AND Operation) ALUEUANKOIUENATAEUANS
LS unudasAiasvinEgas () Ve 4n ()
3. nasiiunsuuLiies (NOT Operation) WdryeyAnwnlieamsnadauu

siawils FailumgrnuulRnansaiudy (nversion)



] [ 4 Ao o -1
ajUndinananfyRunddgyl

TLA+A=A
MA=1al1+1=1
fha=04aZl0+0=0

2A+1=1
MA=1azl614+1=1
MA=0al6i0+1=1

3A.1=A
fra=1ac1d1.1=1
thAa=0az1k0.1=0

4.A.0=0
fra=1az141.0=0
fha=0alh0.0=0

5. A+A =1
fradisdluo A azildudu1
fradaudut A axdfiawtuo

6.A. A=0
tha=1ald1.0=0

thAa=0l90.1=0
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mvilszneu 4 kassduAnHaInIFAUTIUNNTLLLARSING UATRAAIANTINATINATIDR

aafinm (Wagner. 1988 : 8)

A
s )

Mwusenan 5 uaARYANERINTIAUTIUNTLLLLAUAINR LATUAAIAITINAINNAT

IDIAWALNG (Wagner. 1988 : 7)

p-2

=g |
—-—o(r

L= B

A ‘(D—
Mvlsenas 6 wAMNATYANHINSANTUNTTULLLITGR LAZUAAIATINAIINAT

{Wagner. 1988 : ©)

-1 A . :’/ - L L3 :’1 e
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1 ‘d 2/ “ L) - | - hid & -«
Lﬂﬂﬂﬁ']\?ﬂ‘lﬂﬂ gy datueusnsulsenatinudaang farnaeil U uusing

:i £ 1 - 4 ° L b 4 T
{(Nand gate) MaRaffunIsMauuansinea Ay wiadatuieefinsudsenaudnmu
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MWLSENAY 7 uaAATYANAINTAUTUNTTHLLLLUANG LAZANT AT
(Wagner. 1988 : 10)

SD_W A B|A+B|ATE,
00 0 1

l 0 1 ] Q

(] | 1}

. A8 A+B tal i oo

nwdsznay 8 AeAnHninTsANTRUNITULLLETINR LAZANTINAIINATY

A B|A®B
g:)D— A®B E
{ i

v

(Wagner. 1988 : 11)

-0~ Oo|a
o —-=0|®

mwilsznau 9 deyyanmalifndaginaading uazmA1sI9AINATS

(Wagner. 1988 :11)

L 3 1 1 ‘2‘ 2 Q & R
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{Wagner. 1988 : 141)
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mMwisznay 12 wanadtyey e < 1edRamaiatuantusiLuUf

(Malvino. 1983 : 123)
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1805

i A,
“T™ 033 pF

— GND

l I —- 2 QUTPUT
0 7805 ——3 GND
o 1 INPUT

. o
mMwlsznau 13 uapsnsnszaufinAs i assssAnAmaMg 1C 7805

{Pasahow. 1982 : 286)

5. NadnduimAnnia {Electromagnetic circuit)
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{(Marcus,1968:404)
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5.2. WiEFURIE8 R 895TUL (Input - Output Unit)

5.2.1 WaeFLdoyA (Input Unit Lﬂwﬂoﬂﬁlﬁ'ﬁﬂﬁﬂnﬂfi'}mwﬁﬁum‘:'*'m
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nmsznay 16 uaasnmrgaudsenauneasnisunf wazgiinenizsnasey (Hans. 1993: 8)
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GND i/ CH CK
RESET DAV D7
+5V D6
IRO2 D5
Y D4
DAG2 D2
azv b2
ows D
+12v 00
GND #O CH RDY
SMEMW AEN
SMEMR Alg
10w A8
10R Aty
DACK3 AlS
DRQ3 ALS
DACKY Ald
oRQY A3
REF A2
CLK Al
IRQ7 A10
IROB Ag
IRD5 AB
IRQ4 A7
IRQ3 AG
DACK2 AS
T Ad
ALE A2
+5V A2
oS¢ A1
GND AQ
MEM C516 b1 cill |5BHE
110 CS16 1] 4 |uaz3
IRQQ 1] 4 fuazz
IRC11 1] 0 (razs
IRQ12 1] 0 {wazo
IRQS 1] O |iats
IRQ4 1] 0 [Late
GAcKe | | g fjuar
orog | G |MEMA
DACKs | [rwciel |vemw
DROS 1 g |sooe.
DACKS 1] 0 |soos
DAOE 1 g {sp1o
DACK? H {4 {sou
DRQ7 N 4 f[sbi1z
vee t 1 |[so1a
MASTER ] 0 |sow
GND [b1s 18 $01S

A -3 1‘ = o ¥
nndsznewns uasnandrynramasennnigureaaredilasreuiames latifin

-t 4
#2107 (IBM PC/ AT) ¥aATaitULALN (compatible) (Hans. 1993 : 166)
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mseanuuLNAsdausie feliRnsefuetadlulnsnoufiameiiy  fedl
Mt muasuwmisidiasnsiiasie (port address) MfhBasziame  Wuansnean
s‘i'umﬂqﬁm‘?ﬂq’luiﬂmauﬁmmﬂ%\ﬂuagj Lﬁ‘e'lﬁmﬁ’uuazmﬂﬁ’ﬂa:;aqqnmﬂ,%uaia’lﬂ
Sueashilnsraniamaiedlisndauiy ﬁﬂ'm::ﬁﬁlﬁmﬁmmzm‘i’ﬂqmﬁﬂn'ﬂﬁm

WA 1A

o y - - P
A7 1 Lmﬂ\'ﬁﬂ']LL‘WLNlLﬂﬂLﬂi‘ﬂuutﬂ?ﬂﬂhtﬂi‘ﬂﬂuWQLﬂﬂTLﬂﬁ

- PORTADDRESS- - | " iUSEDBY. 0
000h-00th 1st DMA chip 8237A
020h-021h 1st PIC B259A
040h-043h PIT 8253
060h-063h keybord controller 8042
070h-0701h real time clock
080h-083h DMA page register
0aOh-0Oafh 2ndPIC 8259A
0cOh-Ocfh 2nd chip 8237A
QeOh-0Oefh reserved for coprocessor 80287
OfOh-0Ofth reserved for mathcoprocessor
100h- 11fh available
200h-20th game adaptor
~210h-217h reserved
220h-261fh available
278h-27th 2nd paraliel interface
2b0Oh-2dth EGA
2{8h-2ffh COM?2
300h-31fh prototype adapter
320h-32fh __| available
(Han. 1993 : 165)
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-
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{Lewis. 1983 : 154}
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Logic Products

AANUIN N

Riieled 740501

741501
Gate

Cuad Two-input NAND Gate (Cpen Collector)
Product Spectilcation

TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY (TOTAL)
T4LS01 16ns 1.6mA

QRDERING CCDE

COMMERCIAL RAMGE
PACKAGES. Ve = 5V 25%; Ta = 0°C to +70°C _
Pastc OIP N7ALSOIN i
FUNCTION TABLE Plasic O H74t5010 l
MOTE:
INPUTS OUTPUT For gmrciry) (MPOWE [ o Mitary see thw Sigx ity Products
Duta Manaal
A -] A
t . " INPUT AMD QUTPUT LOADING AND FAN-GUT TABLE
H L H PiNS DESCRIPTION 14L8
H H L ~ inguts 1LSul
H o= HIGH vorage Weved
L = LOW voitage el Y Outpart 10L5u
NOTE:
Whars & 7ALS umt load (LSul) B 20pA Ly and -0.4mA Ly,
PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL {IEEE/EC)
. 2
r
T b vee = & op
0 5 . i
o5 Qe = o e
[ i R .
E‘@ ) S . op-¥
= @3 n—2 bl
wmcl T - = IEs




Logic Products

nARWIN 1
gReleT 741504

7404, LS04, S04
Inverters -

Hex kiverter
Product Specification *

TYPICAL SUPPLY CURRENT

TYRE ’ DELAY l (TOTAL)
7404 ] 1003 ] t2ma
74L504 | 9.5ns i 2.4ma
{_Mso4 i s i 22ma
ORDERING CODE
PACKAGES C o Mg ?3:::"?:‘: oqcmz:aom'c
- Plastic D NT404N, NTALSOAN, NTASO4N
— Plaax 50 . N74LS040, NT4S04D
FUNCTION TABLE mOTE: ) :
For wmmuﬁwmmmh%%m
IHPUT ouTPUT Oula Mynunt . N . R
: INPUT AND QUTPUT LOADING AND FAN-OUT TABLE -
H PINg DESCRIFTION 14 745 s
H = HIGH wilage v A tnput 1ol 15w 1LSu
L = LOW voltage bevel
L LA Outpin 10u 1054 101,50l
NOTE:

PIN CONFIGURATION

vm..ncnum-wwumgw-«.wb-uau-h-u:sm-soms...m
-zmg,n"unmmuzomhw-u.w "N

LOGIC SYMBOL LOGIC SYMBOL {IEEE/IEG)

—

s-—f-b.—lz _ " N
e _ e
—t, - s
9——‘!)-—'- [ * ~
At = “
134 ;I_,
e S
— —
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LOGIC DIAGRAM

FUNCTION TABLE

ol

Q—

INPUTS OuUTPUTS

OPERATING MODE

Asynchionous reset

]
(Cloan) L X X x! L H
Toggle H JL hlh| q q
Load 0" (Reset) H I Lin] L1 H
Load 17 (Set} H 3N hii H L
Hold “no change' H I LI I q

H-wchmqawmmm
-HIGHWWmemm'omHIGHm—LOwM
transition, ('}

L -Lownn.gewmcymh .

[} -LUWWMwaM‘WbNHIGH—MOWC&)&
tranaition. ("

q -LmnuMqusleuuamledlhemwwmm
blﬂnHlGH-b—LOwDockme

X =Don't care

JL - Positive Clock puise.

HQTES:

1 meKkpmdﬂ-74?3mlblmmﬁllnod(h
HIGH for commrtional aperation,

2 MTMnhmeMthemem—
mbmmmmhmmgmmm

ABSOLUTE MAXIMUM RATINGS (Over Operating frew-sir tomperature range wniess athorwise noted}

PARAMETER 74 748 unIT
Ve Supply voitage 7.0 7.0 v
Vi Input voltage -0.5 o +5.5 ~0.5 o +7.0 v
™ Inpin current -30 1o +5 ~30 to +1 mA
Your _ Voltage applied to output in HIGH output state ~0.5 to +Vec -0.5 to +Vce v
Q Operating tee-air tomperature range 0to 70 G
RECOMMENDED OPERATING CONDITIONS
T4 TaLs
PARAMETER UNIT
Min Nom | Max Min Nom | M
Voo Supply voltage 475 5.0 5.25 475 5.0 528 v
Vin HIGH-fevel input votiage 20 29 v
Vi LOW-level inpul voltage +08 +048 v
I input clamp curment -12 -18 maA
low HIGH-lavel output cument —400 -400 HA
o LOWHevel output currem 16 [ mA
Ta Operating free-air ternparaiure [} 70 L] 70 *c
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Logic Products

FEATURES

* Demuitipiexing capability

* Muttiple Input snabiie for easy
expansion

® ideal for memory chip seiect
decoding

* Direct replacament for tntel 3205

DESCRIPTION

The *138 decoder accepts thres binery
weightod inputs (Aq. A, A;) erd when
enabled, provides eight mutually sxch.-
sive, active LOW outputs (5-7). The
duvice featuras throe Enable inputs: two
active LOW (Ey, Ez) and ono active
HIGH (Eg). Every output will be HIGH
wnieas Ey and E; are LOW ard €y in
HIGH, This mutiiple enable function &
lorws gasy caraliel expansion of the da-
vico to a 1-0t-32 (5 lines 10 32 Knes)
dacoder with just fowr ‘9383 and one
inverter.

The device can be used as an egnt
utput demuitiplexar by using one of the
active LOW Enable inputs as the Cata
Input and the ramaining Enable inpuls as
strobes. Enabla inpuls not used must be
permanently tied o thea appropriate
active HIGH or active LOW siate.

PIN CONFIGURATION

ATANUIN

pioled 745138

74LS138, S138

Decoders/Dem

1-01-8 Decoder/Demuitiplexer
Product Specification

ultiplexers

™ TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
OELAY {TOTAL)
TSI 20m3 63mA
745130 ns AGmA

CADERING CODE

COMMERCIAL RANGE

P Voo =6V 25%; T, =0°C to +70°C
Pusee: P NTAS118N, NT4LS138N
Pagee SO N74LS1380, N7451380

WOTE:

For information ragarding gerim processed (0 SAlltery Speciicatony e (e Signetice Wivtary Producta
Data btnnaml,

INPUT AND QUTPUT LOADING AND FAN-OUT TABLE

prses. | oescawmion 148 rus
an ] nouts 15l 1Su
AN i Outpua 1050 10,5

HOTE:
Whpts & 745 ur iond {Sud) i 300 Ly 40~ 2.0MA Iy, aret & TS unel o (LS} & 2008 by il ~0. 4104

he.

LOGIC SYMBOL

LOGIC SYMBOL {tEEE/IEC)

~ (] ) vee
Ay (0 =] B
el EV [ &
L e
Ly e mA
£ (€] 1) 3,
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7415138, 5138

MANUIN 9

giioled 74L.5138(i0)

LOGIC DIAGRAM
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54244 /74244

Octal Buffers/Line Drivers/Line Receivers
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Logic Products

FEATURES

« Octal bidwectionat bus interface
= 3-State buiter oulputs

* PNP inputs for reduced loading
» Hysteresis on afl Data Inputs

DESCRIPTION

The 'LS245 is an octal ranscewer tea-
twring nos-inverting 3-Slate bus compat-
ble cuputs q both send and recewve
awactions. The outputs are atl capable of
unking 24mA and sourcmg vp 1o 13MA,
progucing vary good capacitve drive
characledstics. The devce fealures a
Chip Enabte (CE) input for easy cascad-
ng and a Send/Recewe (S/A) input tor
duection comtrol. AR data mpuls have
hysterasts bl m 1o MinumMze AC noisB
etfects.

PIN CONFIGURATION

DIAKUIN T

AialeT 74L5245

7415245
Transceiver

Octal Transceiver (3-State}
Product Specification

TYPICAL PAOPAGATION TYPICAL SUPPLY CURRENT

TYPE N DELAY {TOTAL)Y

7415245 , gns : Zama

GRDERING CODE

— .
COMMERCIAL RANGE
PACKAGES Voo = 5V 15%; TA=0°C 1o +70°C
Plastic DIP NTALS245N
[ Plasne SOL20 NT4LS245D |
OTE:
Fot o cnaces e bdktary tae the Sgreacs hibtary Sroducis
Dats Manuat

INPUT AND OUTPUT LOADING AND FAN-QUT TABLE

[T pms ] DESCRIPTION | 7005

A ; Il | WSl

| AN | Outputy I 30LSu
NOTE:

Whadg 3 TILS und wad (LSul 15 Z0pA Ty and ~0.amh by

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC)
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MANUIN 1

Atinled 7418374

7418373, 74LS374, 5373,
5374
Latches/Flip-Flops

‘374 Octat D Flip-Flop With 3-State Outputs
Praduct Specification

Logic Products

FEATURES \ Tvee TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
« 8-bit trangparent lateh — '373 DELAY . (TOTAL}
¢ 8-bit positive, sdge-triggered 7418373 19 ZAmA

register — ‘374 —

7

» 3-State output buters 48373 10ns 105
» Common 3-State Output Enable 74L5374 16ns 27mA
« Independent register and 3-State 745374 By 118ma

Bufier operztion

DESCRIPTION

The '373 is an octal lranspargnt [@igh PACKAGES Ve =5 5% Ta=0'C to +70°C

coupred 1o eght 3-State output butlers. tastc OF N7ALSITIN. N74SITIN, NTALSITAN, N74SD74N

The twg sections of the devicea are

controlied ngependsntly by Latch En- Plasoc SOL-20 NT4L53730, N7453730. N74LSI74D, N7453740

abla {E} and Output Enatda (OF) control  moTe:

gales. For ) g sevcel 10 Motary S 00 e Signencs. elaary- Products
Cata Manual,

ORDERING CODE

COMMERCIAL RANGE

INFUT AND QUTPUT LOADING AND FAN-OUT TABLE

{ PINS | DESCRIPTION | 745 74LS
| an i inguts ] 15u LS
i 41 | Outputs i 105d 3I0LEu
NOTE:
M\-llIASww(Mde&IN‘va.w&.iﬂdl?‘Iﬁur\ﬂlocdﬂ.&llﬂzonﬂ‘..“—a.-lm
W
PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/EC)
-373 i 373 374
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]I By O By 9y B, O Iy
ny —1 €
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73 o i
ag Q9 G; By Q. 9y Gy & | ot
77 1 o : r
H 2N T TR TRET B TR TS tla P gt
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« 3
] a ¥ [ 11 1 LIS 3 3 Lt}
! 1 —
I : ! . M
Do On By DBy By B Dy Dy — -
" e ] -
374
st w ] "
Oy B, O3 8y 0, Qy Gy &
I H R (-
i‘ r k] . " LY R} " it]
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D ovg-mam
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Signetics Logic Proguen

ATANUIN 9

AReled 74L5374(i8)

tatches/Flip-Fiops

7418373, 7415374, 5373, sasx

Thcmuonmomn;mumlm-dw
mmmmmumsmta
snout 2 HIGH. The taich réenins ransomrem
‘0 the data mputs wivla £ o HIGH, ang stores
the data pressnt one 5et-uo tme batore he
HIGH-10-LOW anabla ranution. The enzbie
Fale hes fryeiecesis bustt o 10 heio Twwmae
protigmy that Hgnal and ground nose can
Casa on the latching operaton,

The 3-Stale output butfers are dasigned 1o
@Tve heavly loaded 3Sute buses, MOS
memones, or MOS mictoprocnssors. The ac-
e LOW Outout Ensbie (OB) corwrots af
Wngitt 3-Slate butfers rdepencent of the tach

LOGIC DIAGRAM, ‘373
r

operanon. When OF i LOW. tha Lutchad or
amipares daw apears at the outpurs.
When OF o HIGH, e oinouts are 0 the
HIGH wnpedance “of " stats, whech means
they wil asdner dma noc load the bus,

Tha 374 4 an B-tul, BOQ8-tngQered register
Coudied 10 wgit 1-Stam ouDut Dutfers. Tha
WO Sactons of the dewce e controded
r\dummbfﬂaocktcp)-wmm
Enable (OF) convol gates,

The roguter i huity #dga 1nggarad. The stats
dmﬂmmmwmwa-m
LOW-to-HIGH clock TRNIHON, 13 TENS{eTwS

W@ T COmespondng fho-1op's O dutas e
clock butier has hysteresis bush w & N,
miwTNEa problems that sgnal ang Qrouns
Nosa can cause on the clacking operation,

The 3-State outpul butters are casgned to
crve haavily loaded 3-State buses, MOS
MHMONes. of MOS mucroprocessors. The ac-
e LOW Culput Enspie (U0) contrers al
agnt 3-Slats butfers indepandant of the e
wster oparanon. When OF is LOW. e duw ..
{18 regusien apDOArS At the OUDUTS. Wher D:
15 HIGH, the oututs are i the HEGH ampsz-
ance “ofi" state. wiwch maans they  wi
nadher dve Nor load the bus.

ralva il ialaa
Y YooYy
ﬂ;‘D—‘ }m ’_zs :l“- Lﬂ ’ o
a a, a o -
FomT

MODE SELECT — FUNCTION TABLE "373

OPERATING MODES

INTERNAL REGISTER

Enanie wnd reed regesiar

Lah and read requter

Latch reguitor and Crseble ovputs
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NIARUIN 5
AieleT ICM7226B

By vuarn LS IR TRV,

Frequency Counter/Timer

GENERAL DESCRIPTION
The ICM7226 is a fuily integeatod Universal Countar and
LED display drrver. 11 combings a high frequency oscillatar,

L seg-
menl and ol drvers woich can drectly dmve large LED
displays, The counler inpuis accept a maximum frequancy
ol 1GMHZ in irequency and unit counter modes and 2MHz
in the other modes. Aoty NpUts are digral inputs, Jn My
applications, ampificaton and level shilting will be requirsd
10 Obiain proper dwptal signals for these mpuls,

Tho IGM7226 can funcuen as a Irequency counter, penod
counter, Irequency rang (fa41g) counter, time interval eoun-
fer or g tolaliring counter The devices requwe euner 3
TOMHKz or 1MHZ crystal TTebase, or if casved an exiernal
imebase can aiso be vsea. For periad and time {nterval,
tha 10MMHz smabasg gves 8 0.1us resolution. In period
averzge and time interval average, ihe resolution can be

With 2 105 accumulation uma, tha frequency can bo dis-
played (0 & resalulion of 0.1Hz, There is 4 0.25 intenval be-
tween measwemenis m at ranges. Control signals are pro-
vided 10 gnable gatng ane 53000 of prescaber dala

Loagng 2e10 blanking has been INCorporated wilh fra-
quency display in kHz anc timq in k. The display is mult-
plexed atl 3 SOOH2 rate win 3 122% dty cycle for each
digil. The ICMTZ26A 'S Cengned 106 common snode di-
plays wilh typscal peak segmenl cuments of 25mA, and the
ICM72268 is designed for conmon cathoda displays wih
typical sagment currents of 12mA. In the dlsplay off inods,
S0tk digit diivers & segment goivers are Wrned ofl, allawwg
ha display 10 be ysed for otrer dunciions,

FEATURES

= CMQS Design for Very Low Power

* Quiput Orivers Direcily Drive 8oth Diglts and
Segments of Large 8 Digit LED Dispiays. HBath
G Anode end C Cathode Verstons Are
Avallable

* Meagures Frequencies From DC 1o 10MH1; Perfady
From 0.5us ta 10y

+ Slable High Frequency Osciltator Uses Elther 1MHz
or 19MHz Crystat

* Control Signals Avaiiable for External Systems
Operatian

* Multipiexed BCO Quiputs

APPLICATIONS . !

* Frequency Counter

® Pertod Caunter .

* Unit Counter |

* Frequancy RAatla Colinter

* Time nterval Counter

ORDERING INFORMATION

Part Temperature
Numtrer Aange

ICM7226A | —25°CroB5°C 40 pin CERDIP

1CM722681L | -25°C 1o +85°C | 40 pin CERDIP

Package

ICMT2266/PL | —25Clo 857G 40 pin PLASTIC DIP

mhmwuhmiﬂolﬂ'lﬁnﬁh‘—aﬂq
CMFIAAEVAOT,

"FOT M boxncy Alatiey. et 0 Vg o ¥ss
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741.8688 Description
Foot Print 1 : sza

S688 Foot Frint
74H6688 Foot Print 3

Foot Print 4 :
Field 1 :
Field2:
Field3:
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Field 5 :
Field6:
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nARUIN g
gielad ICM7226B (sia)

¥

)
[CM7226A/B

‘ABSOLUTE MAXIMUM RATINGS

pammum Supply Voliage {Vpg — Vgg) e BSY
parstium OGigd Do Curert .. L. 400maA
waremum Segmaent Outpul Cargng . BOmA

voltages an any input or Duipul Teeranal (Note 1) .
| Vg ~03V) 1o [Vpg +0.3V]
ppumum Powar Dissipation al 70°C (Note 2)
: HOMTZ2GA ... . .. L.
- ICMT2266 ... . . . -
Operaung Temperatute Range ... =25'Clo £65°C
swrage Temperaude Range . ......... =55 Cls + 1B5°C
Lena Tomperature (Sotdenng, 10see] ... ..,.. 300°C
“Nole 3! Dmalrucines taichuo may 0oour o Ingnt QAR
Vop o Va3 by OOV,
L Atburas o leady soidered o —aied 10 T bawd sl Hed 6 fom

EINVERSIL

NOTE: Swesyes sbgve chosa k1ied undec “Abrokms Mamimat Aatings =
MY Coure DaTianont damege 10 dve pwvice. Thess am STRss Mavs dn
0 AT Opaen S M cevor g e o Evy OEMC CORPONS
DR PATEE AR bt Cat O el SO o4 e grecricanond (3 ol
MLat. EXDINE 10 £OS0MNE MANTCT by} OO0 Jo extenched Den
OO gy 4Pt Ve Aty

Bt DAOrS Wb P JADOYY 8 FIRDMLISD OF A oA O TS 418 TOFTHT 10 vollinges, ascwmding

141 B0 ot

P
[ oermury

[T
——t

.—4_9_._. e e

arner
o

ourmgt

03243

Flgure 2: Functlonal Ciagram
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ICM72264A,

NARWIN €Y

Adeled ICM7226B (e

ELECTRICAL CHARACTEMISTICS Voo = 5.0V, Ty = 25°C, unlass otherwise spacifiod) 1+ - ot ﬂﬁ
1ed.y. E "\
Symbol Parameter ) Teat Conditions Min | Typ | Wax Unit *¥
" g Operating Supply * Display OIf 1
Current . Unused inputs to Vgg - 2. 5 - mA ]
VsupeLy | Suppty Voltage Range Vi, —Vsgs ~25°C<Ta<B85GC '~ v 3
Ingut A, Input B 475 8.0
Frequancy at fax e
TAtmary Maximum Guaranteed Frequency - 25°C T, <a5C .
Ingut A, Pin 40 4.75V<Vpp <6.0V Figlre 4
P Funcuon = Frequency,
Aatio, Unit Counter 10 14
Function = Pariad, Timo Interval 2.5
la(max} | Maximum Frequency ~25'C €T, <85°C . N
Input B, B 2 £.75V <Vpp <6.0V 25
Figura 5
. Minimum Separation —-25'C< T, <B5C
input A toknpul B 475V <Vpp <6.0V 250 ny
Time (nterval Funclion Frgura 6
fosc Ose. fraq. and ext. osc, —25'C<TL<B5'C " 10
freq. (minimum axt. osc. freq.) 478V <Vpn <6.0V {0.1) MHz
Sm Oscillater Teanseonductange Vop=4.75v 2000 T3
Tp= +85C
 A— Muttiplex Frequency Tone ™ 10VHZ - 500 Hz
Time Betwean Moasuroments lasc ™ $OMHz 200 ms
gV /dt Input Rate of Charge Inputs A, B 15 my/us
MPUT VQLTAGES
PINS 2, 19, 33, 39, 40, 35 ) L
Vi input low vellage ~25C<To<+85'C R 1.0 v
Vg input high vollags a5
Ik FIN 2, 39, 40 INPUT LEAKAGE, A, B 20 A
Input resistance to Vpg ‘
Riy PINS 18,33 Vi = Voo — 1.0V 100 400 Ka
Input resistance to Vgg
Rey PIN 31 Vi =+ 1.0V so 100 .
vt o "OutPUt Cumrent -l -
loL PINS 3,5,6,7,17,18.52,38 Vo = +~0.4v 400 pA
lon ~ - PINS 5.6.7,17,18,32 VoM™ + 2.4V foo | nA
low | PiNS338 - Vou = Voo — 0.8V 265 :
ICM7226A
PINS 22,23 24.26.27.20,29,30
. CIGIT DAIVER
loH high output current Vo= Vnp ~ 2.0V 150 180 “ma —]
low, tow oulput current Vo= + 1.0V -Q.3
SEGMENT DRIVER
PINS 8.5.10,11.13,14,15,15
oL low outlend currem Vo= + 1.5V 25 35 mA
1o high output currarit Vo= Vpp— 1.0V 100 nA

PTEASL'S SOUE ANO EXCAUSIE WARRANTY OHLIGATION WITH RESRECT TO TS PASOUCT Sh

Mwmmunawwmmﬁmtmwuﬂnwms

ERCHANTABLITY AHO FITHESS FOA 4 PR

TnAm S,

OITED AR Spm swdord v Sasn aeSorireg Pt &% fusl sonmed

AL BE THAT STATED W THE WARRANTY aATICLE OF THE COMDITION OF SALE.
EXFRESS, L OR STATUTORY, IMGLUOIMG THE RPUED WASULAWTIES OF
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DNIANWIN £
pinle® ICM7226B (g

[CM7226A/B LINTERSIL 5
’ E4
- -~
FLECTRECAL CHARACTERISTICS (Vpo = 5 OV, Ty + 25°C. uniess otherwse specihied.) (Continuad) 3
o
:Enbol Parameter Test Conditlons | Min Typ Max Unit _] -3
e
‘ MULTIFLEX INFUTS @
3 PINS 1,4,20.21
L Vi, input low vottage 0.8 v
form . } +
ViH input high voitage | 2.0
P
f Rin inout resistance to Vgg Vi= +1.0V 50 100 Wil
) ICM72268
DIGIT CRIVER
PINS 8,9,10,15.13,14,15,16
to low output current Vo= +1.0v 50 75 mA
JoH tigh output current Yo=\Vpp— 2.5V 100 1A

. SEGMENT DRIVEAR
PING 22,23 .24 26,27,28 29,30

lon high outout curent Vo= Vpp—2.0V 16 15 ma
L teakageo current V= Veg 10 A
MULTIPLEX INPUTS
PINSG 1,4,20.21
Vi inpul low voltage Vog—2.0 v
m inpul high voltaga - Vop-0.8
Ay input resistance 1o Yoy Vin=Vpg—tov | 100 360 k(]

HOTE: Typéoat vaies aee mol tesied,

€ 0T . a1

~ J ] A }ﬁ Lix
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T POT oy rar man e S VLV A
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a3 400 outmn a—T et oy o
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1= S
+ cewarie } —_—
ot e L0 o
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F ' 1 D, AT Qui gl O et T
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L
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| toEmee Fo = _J
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Figure 3: Test Clreutt
EVALUATION KIT €1an can hava the (C72244 “up-and-cynning” in less than

. . . an howr, Spocifically, the bui containg an 1ICMT226A1UL, a

An eva'uation kil 5 avaifable tor the ICM7226A N - 10MH7? quartz cryﬂ:; eight each 7-segment 0.3° LEDs, PC

cludas all the comoonents necessary to assemple and eval- bOAarg, resisiors. Capacitors, ciodes, switehns and IC socket,
uaie 3 universal Irequency/penad counter based an tha Crder Number ICM7 2264EVKIL
ICMT226A. Wilh Ihe neip of tug kil an engineor of the . .

WTERSIL'S SOLE AND EXCLUSME waBianly OBUGATION WITh RESTLCT T0 Ner #RA0LET SHALL BE THaT STALED 14 Tng waARand™ ARTICLE OF THE CONDIDER OF SALE,
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LED overllow indicator connections:

. CATHODE ANQDE
S ICM7226A d.p. Dy

ICM72268 Dy a.p.

Overflaw will ba indicated en the decimal point output of digit 8.

Flgure 4: Segment Identification and Display F'nnt
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f Flgurs §: Wav'erorm far Guaranteed
| Minlmum {4imax} Function= Frequency, |
i Frequency Hatlo, Unlt Counter. -
i
i
|
i

TIME INTERVAL MEASUREMENT
. The (CM7226A/8 can bo used to accuralely maaswra the
! time inferval between two events. With & 10 MHz lime-base
{ ‘rystal, the time batween the two evenis ¢an ba as lang as
 len saconds, Accurata rasolution in tme kterval maasre-
: mant Is 100ns. T L)
ji The feature operates with Channel A Going low at the
siant of the avent to be measured, followed by Channel 8
lpolng low at tha end of the event. : -
i1 When in the tlme tnterval moede and measuring & single
" mvont, the ICM72268A/B musi fwst be “primed" prior 10 mea-
suring the dvent of Interest. This Is dona by first genarating =~
& negative gelng edge on Channet A foliowod by & negatve  ~-
§oing adge on Channel B to start the "mesasurement nter-
" val" The inputs are then primed teady for the measura-
ment. Positiva going edges on A and B, betore or after the
. Priming, wil be needod 1o restore the original congition,  *
." Following the priming procadure {when single eveat or
+ 1 cycla range Input) the davice Is ready 10 measura one
| (only} avent
Whan Uming repatitive signals,” it is not necessary lo
"prime”’ tha ICM7226A/B a3 the first altamating signal
| slates eutomaticaily prime the device. See Figure 7.

.

ltw;slmmmrm-\rmwus_
i FOTE: AX (ko wadot? Same o CARBCHTE B e nx. Wttt

Y

Figure 6: Wavelorm for Guaranteed
Minimum fg{max) and t4{max} far
Function = Period and Time Interval,

During any $ma intérval ~Maasurement cycle. the
ICM7226A/8 roguices 200ms following B going low 1o up
date ali internal legic, A naw moasurement cytle wall not
lLake place uniil complation of this intemal updaie time,

DETAILED DESCRIPTION
INPUTS A & B T -
* The signal la be measured is apaliod 13 INPUT A In fr

.’ quency pesiod, unit counter, frequency ratlo ang e

Interval modes. Tha other indut signal tg be measured s
‘applied to INPUT B in frequency ratlo end Ume interval!
1a should be fighesthan1g during frequency ratla.

" Both-inputs aro digitat Inputs with & typicaf “Swilching
teeshold of 2.0V at Vpg=5.0V and input impedance of
250k6). For oplimum parfarmance. the peak 1o paak input
signal should be ai least 50% of tha supply voltage and
canterag ebout tha swilching voitage. When these inputs
ere beng driven fram TTL logic. it is aasireble 1o use & pull
Up resigtor. Tha circuit counts high 16 low transitions at both
inputs., . Rl
Hote: The amgiiude of T Iou ahoukd not estesd e WOpRy by more Than
GV ofveretss. N orout muy be damaged. . -

-wmmmmumwrmusmmmsmmnmrsurmunqwmvmmo:mma‘m
Wmﬁnmvoﬁmmwmmmnmnaw_w
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NOTE: IF RANGE 15 SET TO 1 EVENT, FIAST AND LAST MEASURED ITERVAL WILL COINCIOE.

Flgure 7: Wavetorms for Time Interval Measurement
(Others gre simlilar, without priming phase}

This can be easdy accompfished with tha foliowing crguit: Nowsa an the mulhiplex inpuls Can Cause IMProper opora-
{Figure 8). tign. This is particularly rue whan tha unlt counter moda of
aperatien 1s selacled, since changes in vollage on the digil
driversrcan be capacitively coupled through the LED digdos
10 the myluplex wnputs. For maximum nose My, a
10k resistor should te placed in sores with the multplox
inputs 25 shown in the application notes.

Tabte | shows the funcucns seloctad by each digit tor
thase inputs.
' Table 1: Muitlple Input Controf

Funetion Digit
FUNCTICN INPUT Fraquency o,
Pin 4 Penad Dy
Frequency Aatic D2
36— Time intarval Ds
Flgure B: Priming Circult, Stgnal A&B Unit Counter Dy
High or Low O=cilalor Frequancy D4
IRANGE INPUT 0.01 Sec/1 Cycle Dy
Device Tyos PIN 21 0.1 Sec/10 cycles D,
1 AC040498 tnverung Buftar 1 Sac/ 100 Cyclos [
2 CD40708 Exclusive-OR 10 See/ 1k Cycles D¢
PIN 31 51‘;1?“ External Range D5
MULTIPLEXED INPUTS " I i
The FUNCTICN, RANGE. CONTROL and EXTERNAL ML Fede A D4 Holdy©
DECIMAL POINT inguts are tima mutiolexed 1o salact the 1Mfu"'5mc‘ o
input function desired. This is achieved by connecting tha Ext i 2
. g rral Oscillator Enabile O
appropriata oigit driver output to 1he inputs. Tha input func- External Dacimal Paint
tign, range and cantral inputs must be stable dunng ihe wst Enable Dy
halt of aach dign outpul. (typically 125is). The muitplax
npuls arg activa high foc the common anoda KCM7226A, EXTERNAL DECIMAL{Oecimal Point is Cutous for Same :
and aclive low {or the comman calhode ICMA722568. POINT INPUT, PIN 20 |Digit That is Coanectad 1o This Input| ¢

WYERSE S SOLE AND EXCLUSAE WARRANTY OBLIGATION WiTH RESFECT TO THal MROOLCT SHALL BE THAT STATEG N THE WARRANTY ARTICLE OF THE COMOITION OF SALE.
ThE WARRANTY SHALL #E L-CLUSIVE AMD SHall BE w LEA OF ALL OTHER WARRANTIES, EXPRESS, WiPLED O STATUTOAY, INCLUDING THE hefLiCh WaARANTIES OF
LEACHANTABILITY AMD FITHESS FOR & BARTICULA A USE.

WG TE: & pCar vAAAS vt Dereat S CHm o Bl e M 19T 000
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CONTROL INPUTS

* Display Test — Al segmanis are enztlad comunuousty,
giving a display of a#t 8's with decimal points. The display
«will be blanked if dispiay off is salected at the same uma.
i Display Ott — To enable the display gtf moda it is nec-
1assary 1o te Dz to tho CONTAGL inout and have the HOLD
Jinput et Voo, The chip will remain in this moda und HOLD is
iswilched tow. Whila In tho display oft maodae, the segment
rand digit driver outputs are open and the oscillator contin-
.u8s to run (with a typical supply currant.of 1.5ma with &
1GMHz crystal) bt o measiremonts are mads. In addition,
signals appliad 10 the multiplexed nputs have no effect A
naw measurement is initated afler the HOLD input goes
low. (This mode does not opsrale when funclioning as &
unit counter.) .

IMHz Select - The TMHz gelect mada aliows use of &
“1MHz crystal with the same digit muttiplex rate and yme
between moasuraments as & 10MHz crystal, The intemal
(decimal point is also shitled gne digit 1o the rght in pertod
“and time intervai, sinco the least signéficant gigit will be in

15 Incraments rather than D lps.

External Ostillator Enable — In this modse, the EXTer-
nal O5Cilator INput is used, rather than tha on-chip oscilly-
tor. lor the Timebase and Main Counter inputs in perod
;and time interval modes. Tha on-chip oscillator wil eantin-
us 1o function whan the axtemal oscillator s sslscted, but
have na affect on circuit operation. Tha axterna! osciltator
input frequancy must be Greatar ihan 100XHZ or the chip will
resel isell and enable the on-chip osciator, Conngct exter-
nal ozcillalor 10 both CGSC N {pin 35) and EXT QSC IN {pin
331, ar provide crystal for ~dedauit” oscillation, o avowd
hang-up problams if an external OSC oc TXCO will atways
be usad. AC coupls 10 OSC IN, - -7
* “Externat Decimal Point Enabie — When external deci-
mal point is anabled. & docimal paint wili be displayed
whanever the digil driver connectod to the EXTERNAL
DECIMAL POINT pin is active. Leading Zero Blanking wil
be disablad for all digits taligwing the decimal point.
RANGE INPUT Teoe )

The range input selects whether the measucemant s
mada for 1. 10, 100 or 1000 counts of the rofecance coun.
tar. or o the EXTermal RANGE INput determinas the mea-
surément time. In all functional modos axcapt unit counter,

- change in the AANGE input will sio0 tha measuremaent in
iprograss, wihowl vpdaling the display. and inibate a new
.Measuremant This prevants an eroneoys first reading atter
the RANGE input is changed
FUNCTION INPUT -2 -
© S lunctians can be selected. Thoy ara: Frequency, Pe-
rlod, Time Intervai, Unit Counter, Frequency Ratlo snd
Osclliator Frequency. . .. — -

Thesa functions setect which $ignal is counted into the
main counier ang which signal is counted by tho reterance
counter, &S shown in Table 2, In ime Interval a flip figp s
sat first by a 3 — 0 transition at INPUT A ang then resef by
& 1 — 0 {ransaion at (NPUT 8. The oscillator is gated into
the Main Countar durmg tha limae 1he Mg flop is sal A
change in the FUNCTIGN Input will s10p tha maasurement

A e
| J

. EINTERS]

in prograss wilhout updating the display and than iniu;E'.'
Pew measurament, T‘ha's Peavents an enoneous frest feading
atter the FUNCTION input is changed, It the main CouUnty
overflows, an overflow indication is wutput on 1he Decimaj
Pgint Output during . . '

- - - Table 2:.Input Roauting . ..

- Description - Ma'l'n'.Counter Reterence I
C ety R P Counter, _ H
« 100 Hz (Osciflaior |
Frequency (.} Input A + 105 or 194) !
Period () | Osciator Cinput A - .
Ratio {{4/fa} Input A Input B !
Time Intarval OscON- Osc OFF ;
(A —* B} Gate Gate I
Unit Counter :
c t Appti !
1 1A) Inpurt A Not Appficabig !
Osc. Froq, ‘ 300 Hz (Oscillator |
1
fone) Qrscillator + 105 or 104)

EXTERNA_L DECIMAL POIN:I' INPUT .

When ih extemal decimal paint is sefected, this inpu
i active. Any of the digits, excepi Dy, ¢an ba cannactad lo
this point. Dy should not ba ysed since i will override the
overllow output and lsading zeros will remain urblanked af-

ter the decimal point i .

HOLD Inptif — Excopt In the unlt counter mode, r
Ir2 "HOLD Input t5'al Ypg, any mezswement In prograss
(haiore goes low} is stooped, the main counter I%
resel and the chip is held ready to Initiate a now measure-
ment as $00n as HOLD goes low. The latches wehich hokd
ihe main counter data are not updated, so the tast completa
measurament is displayed. In unlt counter moda whan

HOLD inpert is at Vipp, the counter is nat stopped or roset,

Sut the display is frozen af that instnntanieous valug, Whaen

HOLD goas low ihe count conlinugs fram tha now valua in

the counter. . .
REBET Input — The RESET Input resels the main cour!
ter, slops any measuremant in progress. and anables
man counter tatches, rosutling in an all zerg outpul A ca-
Factor 10 ground will aravent any hang-ups gn powar-up,
EXTernzl RANGE nput — The EXTomai RANGE Iny n
is used 10 select other fanges than those previded on the
crp. Figure 9 shaws the refstionship betweon MEASwo.

ment (N P and EXTomal AANGE Input.__~ |
& S
aod

£ : : [ i
e ~I_J_
(0T dance ) e
b —_— —_ﬂ_—

1

o8,
Figure 8; External Range Input 1o End ot

MEASUREMENT IN PROGRESS,
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ICM7226A/B
MEASUREWENT IN PROGRESS, STORE AND RESET

Outputs — These Ouiputs are prowided 10 facidate exige.
nal interfacing. Figure 10 shows the relalonstip betwesn
these signals during the lime between measurements. All
thras cuiputs can drive a low power Schottky TTL load The
MEA. FAENTIN oulpul can direcily drive
one ECL Joad. if 1he ECL device is powered from ihe same
power supply as the ICM7225,

f.-.._.--mt-—.___{
. e
LT O -'uM-Lﬂ '__1-‘—

e abra
a¥se-12
Fiqure t0: RESET OUT, STOHE, and
MEASUREMENT IN PROGRESS Outputs

Belween Measurements.

BC0 Qutputs — The BCD reprasentation of wach digil
output is avadable sl the BCD outpuls; see Table 3 for Trulhy
Table. The postve going {ICM7?226A-Comman Anode) or
negalive going (ICM?2268 — Common Cathode) digd drwv-
ers lag the BCD data by 2 to & microseconds; tha leadng
edge of the dwgit drrve signal should be used o exlernady
latch (he BCO data. Each BCD outpul will grive one low
power Schortky TTL load, The disolay is multiplaxed from
MSD to LSD. Leadir) 2erg Dlanking has no effect on ihe
BCD ovtputs,

Tabie 3: Truth Table BCD Quiputs

Number | 8€08 | 804 | BCo2 | BCO 11

Pin7 Pin g Pin 17 Pin 18 t

o a o a ) ]
1 o 0 1] 1
2 0 o 1 9
a 0 Q 1 1
4 [} 1 4] 0
5 0 1 0 1
6 a 1 1 o
7 0 1 1 1
8 1 0 o o
g 1 o 0 1

BUFFerec OSClitater QUTput — The BUFFered OSCH-
tator OUTput has been provided to enable use of the on
chip ascillator sgnal wathoul loading the oscilialer tself
This gulput will dive gra low power Schottky TTL load.
Care should be taken lo miimize capaciive loading on this
mn.

DISPLAY CONSIDERATIONS

Tha display 15 multiziexed a1 a S00H2 ra1¢ with a digit ume
of 2445, and gn nercign blanking Ume of 6us 1o prevaent
Qhosting betwaen agits. Tha cecimal pomi and laadng Jero
tlanking have boen implamented lor aight hand cecimzl
Bbaint displays; toros Tolowing the decimal pant will not ba
tlankad. Laading rero Dlanung wil alsg Do disabled if the

EINVERSIL

Man Counter overlows. The nternal decimal poinl control
tisplays Irecuency in kHz ang ume 1 ps.

The ICM7226A 15 desgned la drive common anode LED
drsplays al a peak cument of 25ma/segment, using displays
wilh Vp= 1 BV at 25mA. The average DC cument will be
greater than 2mA under these conditions. Tha ICM72260 is
designed 10 driva Common calhode dispizys at a paak curs
rent of 15mA/segmant, using displays wilth Ve =18V al
15mA, Resisiors ¢an be added in series with the segment
drivers 10 limi the display current, if required, Figures 11,
12, 13 and 14 show the digit and segment qurenis as a
{unction of output voltage for common andkde and common
cathoda dnvers,

o
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Figure 11: ICM7226A Typlcal Iig ¥5. Vpp— Yo
455Vpps6.0V
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Flgure 12: ICM7226A Typleal Iggg vs. Vo

038 -15
Figure 13: ICMT72268B Tygplcal Inig v3. Vo
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Flgure 14: ICM72268 Typlcal Iseg vs. (Voo — V)
“4.5VEVpp 6.0V

- To increase the fght output frém the displays, Vpg may

ba increased to 6.0V, hawever care should be taken to soa
thal maximum powar and cument ratings are not exceaded.

Tha SEGment and Digit outputs in bath the 7226A and B

: arg nat dicectly compatibla with sither TTL or CMOS legic,
* Therefore, lavel shilting with discrate transistors may be re-

quired to usa 1hase oulpuls Bs logic signails. Externat latgh-
ing should be done on the teading adge of tha digit signaf,

ACCURACY

In a Universal Counter, crystal drift gnd Guantization er-
rors cause ermors, In frequency, period and time fnterval
moedes. a signal derived {rom tha oscillator is used eithar Iin
the Relerence Counter or Main Counter, and in thesa
modes, an errer in the osciltator frequency will causo ar
identical error in the measurement. Far instance, an oscilla~

| tor temperature coefficient of 20ppm/™C will cause a moa-

sufement emor of 20ppm/*C. .
. I addition, thare is & quantization emor inherent in any
digital measwement of 1 count Cloarty this emor is re-
duced by displaying moro gigits. [n the frequency moda,
maximum accuracy is obtained with high fequancy nputs,
‘and in period mede maximum acouracy is oblained with kow
frequency inpuis, As can be seen in Figure 15, the least
accuracy will be obtdined at 10kHZ In time Interval mea-
‘suraments thare is a maximum efror of 1 count per intarval.
As a tosult there is the sama inherent Bceyuracy in all
ranges," 85 shown in Figure 16. In frequency ratlo maa-
Surement mere eccuracy can be oblained by averaging cver
[mdre cyetes of INPUT B as shown in Figure 57. - o
eaee 1T
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a

Flgure 15: Maximum Accuracy of Frequency ang*
" Perlod Measurements Due to Umiltations of
Quantization Errors,
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Flgur_e 16: Maxtmum Accuracy of Time Interval
Measurement Oue to Limitationa of Guantizatton
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Figure 17: Maximum Accuracy for Frequency
Ratlo Measurement Due to Umitatlanz o
Quantization Errors.
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CIRCUIT APPLICATIONS

The ICM7226 has been designed as a camplele stand
alone Uriversal Counlgr, or used with prescalers and other
cirCuitry in @ vanety of epplications, Since A IN and B IN are
digital inpuwis. addhional Geguilry will be required in many
applications, lor moul bullenng, amgplification, hysteresis,
and feves shilling 1o abiain thg required digital votiages. For
many ecplicatrons an FET sourca follower can be usad fof
input butlenng, and an ECL 10116 line roceivar can ba used
{or amplitcalion and hysteresis to obtain high i lance
inpul. sensilnaly ant bandwidih, Howevar, cost <om-

- plexity of 1fws circurdry can vary widely, deperkling upon Ihe

sansitvity and bandwidth required. When TTL prascalers or
inpul butlers are used. pull up resistors 1o Vg should be
used 10 obiain optimal voltaga s$wang at A IN and B IN.

It prestalers acan't required, the ICM7226 can be used to
implenent a minimum component Universal counta¢ as
shown in Figure 16,

ERIRTERSIL

For ingret Irequencies up 1o 40MHz, (he circuit shown in
figure 14 can ba used 1o implement a frequency and peri-
od counter. To obtain tha carrect value whan measunrg
fraquency and penod, it is necessary (0 divice the 10MHz
osaillator frequancy down to 2.5MHz. In going this the ims
between measuroments s lenglhened 10 800ms anrd tha
display mullinlex rate is decreasoed to 125HZ.

H the input frequancy is prescaled by ton. the oscilator
Wequency can remain al either 10MHz or 1MHz, but the
decimal point must be moved. Figure 20 shows use ofa =
10 prascaler in frequency counter mode. Additional logic
has been added lo enable the 7226 1o count the wpul di-
rectly in perlod mode lor maxmum accuracy. Nota that A
IN comas frem Qg rather than Qg, ta oblan an mput duty
cycla of 40%_ if an Quipul wilh a duty cycle ot near 50%
must b uied then ¢ may be necossary to use a FaLsizi
maonastabile mullvibratar or similar gireuil 1o siretch the in-
put pulsa 10 guaraniee a 50ns minimurm pulso width,
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Figure 18: 10MHz Universal Counter
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Hotew: 1) Il ¢ 2.5MHE crystal is used, diode 1 and LG s t and 2 can ba enmerated.
. Figure 19: 40MHz Frequency, Perlod Counter
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Figure 2¢: 100MHz Mulll Function Counter
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The required g should not exceced 50% of the'
fiad for the IGM7226 10 insure reliad!s startup. The Osdl.la
input and output pins sach contributa about 4pF 1p Cofand

Coyr. For mapamum- frequency  stability, 50y, and
should be nppmnmalely nmce e spenﬁed %ah

. pacitance. Ty
HOLE SeeT In cases where nondecaﬁe pmscalers ard usad, n
- dasirabla to use a crystal which is nsither 1[}MH1 L |

) My "3 for 10MHz modae ang t
o356-23 . 04 L 03
Figure 23: Clrcuit for Reducing T!me 1MHz mode, Tha time b f ! ments Is 2x
: Between Measurements B mrnar fo

SITIAN waANg -
T Tt QALO LY, ,g_
in lhe 1MHz mode. Tha bt
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Loannx FREQ, LL.C. . v ; & R
. Req xATIO m/ ) - wed oscilator output should be used as ah oscillator {a:
- n paint o 10 diive additonal logic; this output will trive
2- fow pawer Schotiky TTL load. When the buffared osclila
o output is used 1o drive CMOS or tha axternal oscillater Ing
H a 10k{l rosistor shoukd be added hom the bulfered oscilla.
£ o, Smdat LSOO, tor oulput to Vipg.
T4 OO | J—
$ Tha crystal and oscillator componems should bo Iucmec
&t close to the chip &s practical 10 minirnize pickup tron]
\ To e B°C other signals, In particutar, coupling from the BUFES
: " . . h 0SCilatr OUTpul and EXTernal OSCillator INput (o thg
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_ Liscar, bmanr 43 FLIWETION OF 00 .- abla shéfts in ascillater frequency, To minimize this coupling
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Fiqure™ 25 ‘shows the ICLi7226 being inlertaced to LCD
aisplays, by using s BCD outputs and @ cigd lines 10 drive
rwo ICM7211 display drivers. Tha ICM7226 EV/Kit may eas-
ily ho interlaced to 2 ICM7211 EV/Kits in this way. A similar
amangement can bé used for driving vacuum {luorgscent
aisplays wun he ICMT235.

OSCILLATOR CONSIDERATIONS

The oscriztor s a high gain complomentary FEY invener. i
An external resistor of TOMN or 22M10 should be connectad RN
between the osailaler input and cutput 16 provda biasing. P

The oscillalor |s dasigned 16 work with & parallel rasonant
10MHz quartz crystal with & load capacdance of 22pF and 8
senas resislance of loss than 35{). mong su::able cfysws )
s the 108MHz CTS KNIGHTS 151-002.. : "

For a specific crystal and load capatilance, the required

”L .

gm can be caiculated Bs foliows: [ : b . T cwrmme - EC
- i Ca\? . ) e
gm—wzc.ncourﬁs(l—v——) - hpn
- - G -7 0056-37
whera CL - ( CCour - \ Figure 25: 10MHz Uritversal Counter Sysmm w[m
Cint+ Cour# L.CD Display
Co - Crystal stauc capacitance
) Ag = Crystal Senas Resistance
Cin - Input Capaciianca
Cout - Oulpul Capac:tance T
o = 21 -
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Figure 21: 10GMHz Frequency, Period Counter

Figura 21 shorws g use of a CD4016 anaigg mutuplexer
1o mutupler the dilal outpuly tack 10 tha FUNCTION lnped.
Sinco Lha CD4018 is a GQiaty conuoiles ANIIOG U FeTus
“50N gata. na leve! thiung of 1N el OUTDUL 5 T8GUred.
CO4051°c o COA05Y's could M40 ba used 10 salact Lhe
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be u3led N systams i when the miain_ ol O 10N 15

CONUOuad 4 MalDONOCAsSod rallvwe han JudCily oM
frent panel swiches. ITL mulbplesers such as tha 7415153
o FAL5J5T Mmay 2150 Do used, bul $OMa 390 LInal Cvowtry
will DO requued 1O Convert the aGit outpul Lo TTL compaubie
g lavels,

Tha cucud shawn in Figure 22 can be used any of ing
CCul ADPLCALDNS SACwn 10 IMElemant 3 LNGi Maasure-
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ouvlput 10 put e ICKT226 w10 & N Moo, The HOLD
Input Can 3isg B used W raduce NG LMA bebween
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WsunupsupumaipAmnseisy

CLs
COLOR 15, 4
LOCATE 5, 10
PRINT "  This Program for Thin F{lm Vacuum Coating “
COLOR 15, 8
LOCATE 7. 17
PRINT “Program by Weerasak Chompuwiset”;
PRINT
newin:
COLOR 15, 9
LOCATE 10, 4
INPUT "  What substance would you like to be the substrate
PRINT
COLOR 15, 9
LOCATE 12, 4
INFUT "  What thickness would you like *; THIN!
PRINT
COLOR 15, 9
LOCATE 14, 4
INPUT *  Density of Thin Film "; DENF1
CLS

PRINT
COLOR 15,9
LOCATE 5, 4
DO
PRINT TAB(20); “<1> For Change Data ~
PRINT TAB(20); “<2> To continue for coating "

PRINT
COLOR 15, 3
LOCATE 10, 4
INPUT " Please select your cholce “; cholce%
PRINT
SELECT CASE choice%

CASE 1
GOTO newin:

CASE 2
EXIT DO
END SELECT
LOOP
CLS

COLOR 15, 9
LOCATE 5, 4

*; SUB$



PRINT TAB(10); “ SUBSTRATE < ", SUB$
PRINT

COLOR 15, 5

PRINT TAB(10}; * THIN FILM THICKNESS = "; THINt
PRINT

COLOR 15, 7

PRINT TAB(10); ” DENSITY OF THINFILM FOR DEPOSITE =

REM PROGRAM FOR CLEARING DATA IN AllL REGISTER
labell:

OUT 736, 0
OUT 737, 0
QUT 739, 5

REM PROGRAM FOR SUM INITIAL FREQUENCY BEFORE COATING
OUT 739, 12
CNTT = INP(737)

DO WHILE CNTT = 0

LOOP

DIM A(10000)
I=1
Adj=0
M=0
QuUT 739, 15
QuUT 738, 1
cntl = INP{736)
cntl 1t = entl
QUT 738, 2

cnt2 = INP(736)
cnt22 =ent2 * 10

OUT 738, 4
cnt3 = INP(736)
ant33t = ent3 * 100

QUT 738, 8
CNT4 = INP(736)
cnt44l = CNT4 * 1000

OouT 738, 16
cntb = INP(736)
cntb51 = entb * 10000

OUT 738, 32
cnt6 = INP(736)
cntE6t = ents * 100000

QUT 738, 64
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ent? = INP(736)
ent771 = ent7 * 1000000

OUT 738, 128
cnt8 = INP(736)
cnt88! = cnt8 * 10000000

SUM! =cntil + ent22 + ont33 + ent44 + enthS5 + ent66 + ent77 + ent88
Aff) = SUM! !
M! = M1 + A{{)
RETURN label2:
CLS

COLCR 15,7
LOCATE 7, 4
FRINT " FREQUENCY BEFORE COATING = "; M!

COLOR 15, 4
LOCATE 12, 10
FPRINT TAB(15); “ ** Are you ready for continue **
FOR1 =1 TO 50000

NEXT {
DO
COLOR 15, 9
LOCATE 15, 4
FRINT TAB(20); * <1> for coating
FPRINT
PRINT TAB(20}); © <2> for cancel »
PRINT
INPUT " Please select vour cholce " choice%
SELECT CASE choice%
CASE 1
GOSUB coat:
- CASE 2
END
END SELECT
LOQOP

REM PROGRAM FOR CALCULATING FREQUENCY COMPARE WITH INITIAL
FREQUENCY
coat:

CONST Not = 16700001, QUAR! = 2.651

fl = FREB! * (16700001) * 2.651 / (FREB! + DENF?! * THIN{)
PRINT
PRINT TAB(15); " FREQUENCY COMPARE WITH THICKNESS ="; f1
PRINT

QUT 7539, 218

QUT 739, 80

RETURN labell:

label 2:
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IF Ml <= 1 THEN

OUT 739, 244
CLS

END IF
PRINT
COLOR 15, 9
LOCATE 10, 5

PRINT “ THIN FILM THICENESS FINNISH "

END
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-

A measurement of thin film thickness for a coating device can be done
by using nature of quartz crystal oscillation . When coating process is carried
out under vacuum.The surface of the quartz crystal was coated also the thin film
thickness. A calculation of thin film thickness can be achieved by the frequency
difference.The frequency difference before and after deposition to find out film
thickness. The researcher has designed and constructed the film thickness controiler
device using 6 Mhz resonance frequency in the begin of deposition for
controlling the thickness and also design electronic device to between frequency
counter to a microcomputer to monitor the frequency of the crystal. During the
deposition, when the required frequency is acquired , the microcomputer will send
a message to shut off the shutier in the deposit device according to the Basic

program controller with required thickness.
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