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ABSTRACT

The main detail of this project is a research of decoding on signal of MNT 470 which is
used for controlling among mobile telephone exchang (MTX), base station (BS) and mobile station
(MS). Conseguently, the hardware is produced for decoding the signal which is transmitted
between mobile telephone exchang and mobile station.

This signal consists of frame 1.a “Calling Channed Indicating:CC” which is transmitted
continuously. By using this frame Signal, mobile station. can search for calling channed indicating
channel , after That, every mobile station. will be locked on this channel

At the conchasion, the service area of NMT 470 is identified by detecting frame 1.a Signal
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Sending (l)Signal Hudu

-Signal Strength Measurement Order On Data Channel or Idle or Free Marked

Traffic Channel ((W33 21.b)

udygafid aoiiguimsianiuusedoyaio (Signal Strength ) Taods
Hiume-goideyn vie lowa nie Winsmilausua

-Signal Strength Measurement Order On Traffic Channel Actually Used (IN5u

21.c)

diimsdeldaoriighmsiannuussdayana lasderihummannAaceSoudes
y o [ qy
Avade Ao Foyamil

-Order Management/maintenance orders on Idle Channel or Data Channel (W53 22.)

1 J '
dygnaiildvend aorfigiihwnsdiuneedie wu w1 Self-test, RFTL In/Out,

Alarm Reset ({udu fuonmilennddndf aondlg desvham wlsw 20

] 4
a v a4 a

2.2.4 dyanahaeon amiigin TUd yumelnsdwiingoud

1 4
dyanundadeiy aortig ssiid zas) delimofeuaasIdiiiuidyanal

Mdmiy anfigu
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-Channel Status Information (W53 25.)

19iudyaaneusy (Acknowledge) veadayanai iWsw 20. 910 guerwInssimy
nfeudl uazieuaasanizyes doyaa

-Signal Strength Measurement Result (W5 26.)

1udsmansTannuusedagana nduliven gumeTnsiwiindoud

-Respond on Other Management/maintenance Order on Idle Channel on Data

Channel (1W3%27.)

Tdmiuaeusumsy 22. vinguemsInsdniindeud

-Other Maintenance Information From BS (Mm 28.)

Wdmsuduiouiidad amiign W queoInsfwiindeniins wu cu

Alarm , Main Breaker Alarm ﬁ‘lw’fu

2.2.5 dyanamlytmiunaasuyesdayanal (Test Channel)
-Frame for Test Channel Indication (IWs 30.)
o -:f Yo o 3 1 -:f ) o & A o & A
dyaailddmsvoenn seciilddmivnaaeulasmmz SunToslnsfimvindou

{ LY 4'! o ¢ c’:
A ¥ IatmsInaasuAunIoe Insaniivniu
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2.3 ¥HAYBY Frame 12 Digit A1 9

@ 1

2.3.1 MANAANNYDUIAAE Digit

@ o U4

yany ANUNUY

N,N,N, UNUNINYIAYYOL (Channel Number) YBINOAAWIUIMLD W3O
nsiaurun Adddddauey
N,N,N, TS unuminuovgosvems s igndmualild

fFmsumsaunumsadinsunisanm

Y)Y, unumnomanswflaueds (TA No.)
ZXXX XXX, | Wununmneavves nfesInsinindoud

Z(15) uamaldiifuinmsutu q 1¥Radosenieguey fu aotig

Q,Q, Tariff Class Information (For coin-box MS)
P Prefix (taAINnMaUTiAY0Y Frame
L Teri@niua ( Line Signal )
S A9 ( Digit Value )
J i’fﬂga'ha (Idle Information )
A Channel Activation Order and Channel Status Information
f¢ Supervisory Signal Frequency

V,V,V,.... Management and Maintenance Orders and Other Information

R@)R()R@,) | FamMsIannuusavedyiu

A1319N 2.1 ANUNNILVDIUADSAIN

2.3.2 yilnveunsu
1 { 4 (YRS 4 4 [ 4 (Y4
Yoyavewdaz msufidannguas Insdminaoun lufunses Tnsdmy
v 1 ] ) ] ! ] y 9
woun wazen wnsesInsdmwiindoud Tuffs guarsInsfmiindoud sefisuauiiniedu
o Ao 9 da 1 1 o o A A o & o I'd
64 in lavhdnvuzvesdoyanAndesesrning guaiInsdniindoun AU nSoe Tnseny
[] [ 1 4
waouh eligduuuideriu vennnil falinmsdedoyn Tavldifoe 12 Hexa-decimal

{ 4 o d 4 { a o o 4 {
Digits Agfenpui tnseeInsdwiindouiineundulim guaisInsdniindoud
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1 a ] y o a { a t o
Mumaneadsuma el lduaasldiviudsiinves sy nldaadeny

2.3.2.1 tlsufideonn yumnalnsiniindeud Tuds inTedInsdwrindenn

l.a Calling channel indication

Channel No. Prefix TA No. Idle
N,N,N, P(12) Y,Y, JIJJIJTII JJIJ
1.b Combined calling and traffic channel indication
Channel No. Prefix TA No. Idle
N,N,N, P(4) Y,Y, JIJJJIJI JI1J
2.a Call to mobile subscriber on calling channel
Channel No. Prefix TA No. Mobile subscriber No. Idle
N,N,N, P(12) Y,Y, ZX X X, X XX, JIJ
2.b Traffic channel allocation on calling channel
Channel No. Prefix TA No. Mobile subscriber No. TC No.
N,N,N, P(12) Y,Y, ZX X X X XX, N,N,N,
2.c Queueing information to MS with priority on calling channel
Fictitious
Channel No. Prefix TA No. Mobile subscriber No. TC No.
N,N,N, P(12) Y,Y, ZX X X X, X X, N,N,N,
3.a Traffic channel allocation on traffic channel
Channel No. Prefix TA No. Mobile subscriber No. TC No.
le\Ist P(5) Y,Y, ZX X X, X XX, N.N,N,
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3.b Identity request on traffic channel

Channel No. Prefix TA No. Mobile subscriber No. Idle
N,N,N, P(5) Y,Y, ZX XX X XX, JJ1J
4. Free traffic channel indication
Channel No. Prefix TA No. Idle
N,N,N, P(3) Y,Y, JIJJIIII JI11J
5.a Line signal
Channel No. Prefix TA No. Mobile subscriber No. Signal No.
N,N,N, P(6) Y,Y, ZX XX X XX, L(n)L(n)L(n)

5.b Line signal: Answer to coin-box

Channel No. Prefix TA No. Mobile subscriber No. Sign No. Tariff class info
N,N,N, P(6) YV, ZX X, X, X XX, L(0) QQ,
6. Idle frame

Idle Prefix Idle

JI13J P(0) JJ JIJIJJ] JJI1J

M L 4 o d LA . w o d L] 1
2.3.2.2 sufidanin insealnsdwimdendt TUds yumalnsdwindeud

i1 [ Y4 4 4 e 1 4 [ YRS 4 i
sy Nefseonan gumeoInsdnvindoun Tidezdadd insoaInsdmninaeud

al d [ v 4
30 aodign inw vl nomidaueise (v,Y,) deeen’luiae ud msu A quaw

Tnsemnndasunsud oz bifl nswidauese (YY)
172

Channel No. Prefix Mobile subscriber No.

Information

3 digits 1 digit 7 digits

5 digits
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10.a Call acknowledgement from MS and seizure from MS with priority on calling
channel (shortened frame)

Channel No. Prefix Mobile subscriber No. Idle

N,N,N, P(1) ZX, XXX X X, G ITD

10.b Seizure from ordinary MS and identity on traffic channel
Channel No. Prefix Mobile subscriber No. Idle

N,N,N, P(1) ZX, XXX XX, 11317

11. Roaming updating seizure on traffic channel

Channel No. Prefix Mobile subscriber No. Idle

N,N,N, P(14) ZX XXX XX, 1113

11. Seizure from coin-box on traffic channel

Channel No. Prefix Mobile subscriber No. Idle

N,N,N, P(11) ZX XXX X X, JITII

13.a Line signal
Channel No. Prefix Mobile subscriber No. Signal No.

N|N,N, P(8) ZX X, XX XX, L(n)L(n)L(n)L(n)L(n)

13.b Line signal: Answer acknowledgement from coin-box

Channel No. Prefix Mobile subscriber No. Signal No.  Traffic class info

N,N,N, P(8) ZX XXX XX, LLR)LE2) QQ,

14.a Digit signal (1st,3rd, 5th..... digit)

Channel No. Prefix Mobile subscriber No. Pos.ind. Digit value

N,N,N, P(7) ZX, XX, X XX, S(0)S(0) S(n)S(m)S(n)
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14.b Digit signal (2nd, 4th, 6th ..... digit)

Channel No. Prefix Mobile subscriber No. Pos.ind. Digit value

N,N,N, P(7) ZX XXX XX, S(15)s(15) S(n)S(n)S(n)

15.Idle Frame
Idle Prefix Idle

JJJ P(0) IJ JJIJJ1J1J1J JJ17J

2323 s fideorn yumeTnsiwindend i amigm

Tidunagh olsu @i quanoTnsdwiindouiilfaadety aonilgnlidweiiuns
SudwmSedaoen’l sziimisds zas) dlawidy 1111 (F gudunn) ven'lddne
Wold¥h wlsw #19Aadedy amflguindy
20. Channel activation order

Channel No. Prefix TA No. BSind. Idle Activ. order

N|N,N, P(15) YY, Z(15) JJJ A() fo fp fp fp fp

21.b Signal strength measurement order on data channel or idle or free marked traffic

channel
Channel No. Prefix TA No. BSind. Idle Meas.ind. Idle TC No.
N,N,N, P(3) Y\Y, Z(15) 111 vQs) J7J NN, N,

21.c Signal strength measurement order on traffic channel actually used

Channel No. Prefix TA No. BSind. Idle Meas.ind. Idle TG No.

N,N,N P(5) Y,Y Z(15) 111 VvQs) JJ N.N.N
17213 112 at Vi Ve

22. Other management/maintenance order on idle channel or data channel.

Channel No. Prefix TA No. BSind. Idle Manag./maint. Order

N,N,N, P(14) Y)Y, Z(15) 131 VV,V, V,V.V,




TTHIMOMIANAN  MIVIBUNIMINNTUY
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2.3.2.4 sy Ndanin amiign W ymalnsdwimteun

15. Idle frame
Idle Prefix Idle
JJJ ! P(0) JJ JJ1J1J17117J1J JJ3J

25. Channel status information

Channel No. Prefix BSind. Idle Status info Idle

N;N,N; P(9) Z(15) JJ AMm) JJ J 17171717
1Y21N3

26. Signal strength measurement result

Channel No. Prefix BSind. Idle Channel No. Measurement result
N,N,N, PQ2) Z(15) JJ  NNN R(n)R(n,)R(n,)R(n,)
R(n,)R(n,)

27. Response on other management/ maintenance order on idle channel or data channel

Channel No. Prefix BSind. Idle Manag./maint.information Idle

N,N,N, P(4) Z1s) 11 Vv, v, V, ¥, JITI17

28. Other maintenance information from BS.

Channel No. Prefix BSind. Idle Manag./maint.information Idle

"N.N,N P(13) Z(1s) 17 V, V, V, V JJ1J11
1°7°2°73 1 2 3 4

23.25 wsu #l¥d iy naeeuvesdeyaal (Test Channel )
1 4 ' [ 1 4
19 odsu ity Test MS Tao quauInsdwiiindounvzds sy foen'ly
30. Test channel indication.

Channel No. Prefix TA No. Idle

N,N,N, P(10) YY, JIJTT17737

36841
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¥ as
2.4 ANungveuAns fAon I msw
y
uaaz A Tumsun@ (16 Hexa-decimal Digits)  1ag WSuUUUAY (12 Hexa-

. . 1 d a & o o _a ' ¥
decimal Digits) anAlsznoulidne 4 dn Fegauhswamumeiuedeuil

2.4.1 @damaeq 30uny doyafiTusaay

msdade i ssuaasldisudiun dryanaiilauny i’:’agaﬁtﬂuﬁammfuﬁ
msdnsiaetelsths

~MUNY@YYOQ ( Channel Number ) N,N,N,

MU YNIINHALDISY (TA Number ) Y,Y,

Manumuasesns ﬁwﬁmﬁouﬁ(Mobile Subscriber Number)  ZX, X, X, X, X.X,

MU NARLYUUR (TC Number) N.N,N,

-ﬂi‘lﬂﬂﬂﬂﬁ‘lﬁ’guﬂﬂmé‘u (Tariff Class Information) QQ,

- HaN159A (Measurement Results) R(n)R(n,)
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A q u

N,N,N,,N.N,N, Y, Y, ZX XXX XX, | sHamugiuass

1azR(,)R(,),Q,Q, 1234
0 (16) 0000
1 1 0001
2 2 0010
3 3 0011
4 4 0100
5 5 0101
6 6 0110
7 7 0111
8 8 1000
9 9 1001
(10) 0 1010
(11) (11) 1011
(12) (12) 1100
(13) (13) 1101
(14) (14) 1110
(15) (15) 1111

M50 2.2 uaasssdamuguaesilsunua luudosave

aa o’: a b4 < H a
Ty @30 Nuaz N, du dnminoay 1 ueg 4 uendemnuiavses woe din nue
o o b A g s %
v 2 woe 3 duenfieszAuues Mdamuenine (Output Power ) FunTesInsinsiindou

4 g 2 '
7 andeld «oN”  Fulaom

Q¥
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inmnoay | vuomyyes N, #38 N, invueoy | szaufids
1 4 InvoY 2 3 (Power Level)
0 0 001-099 1 2 3 4 1 1 fdegaga
0 1 100-199 ‘_F'___, 1 1 -10dB
1 0 200-255 0 1 -20dB
11 Taild «—— 0 0 Tailg

o o LY 1 o o 4 ! o 3 o
dansumsadyai senI quag Insdwviindeud AU aorfigiu du 3 dnusn

-

voe N, uaz N, szldar 011 iawe sndulunsdifl guaieInsdwiinnouniaade fu

[}
<

amiigm Munegesdoya (Data Channel) M1 N, =N,=N,= 15 uazlunsdliiN, =N, =
N,= 14 9gWN1089 Empty Channel Number Register 11 qraniigiu dalddmiuuds iou
(Alarm) 'uen guaeInsindiindeuiilunsdifinnonudes Ay Tmaes mio'hl
Mduoninm veunsesTnsiwiindenflevgnainquine N, nie N, fwiellilde
dmsy sy fidein guanoTnsimiindendi 1Uds mdesInsdwindeunsuma
g09 N,N, N, Tavfinolu sulildds N,N,N, 1foy Sy 2 uaz 3 Tu N, o2
¥nauny MdwveunTosInsdwd une msu @i nToaTnsdm dendudim quaw fee
¥ Snmnomy 2 uae 3 1w N, uRerduduiisullen queeTnsdwindous
lunsdl il sy fidenn quengnsdwiindoudt 18 mun 9ee NN, N, !
d Miduenina ves inTealnsiniiindouiiergnaiugulae finmnemey 2 ez 3

9y o

4 v & A { v o o 4 i
N, uaz iielnsfwnmdeounds msy aeundulywt quaeInsinsiindounifesld dn

gy 2 uaz 3 lu N, suReiunlasuly N,
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Mo fmndeves N, N, N, Tarhii N N, N,
0110 0011 1001
wmnpda - dald e Tnsdwiindouit 19 sedusmdagega
- AHIUN FRIMIIUIAY = 039
M ZX, X, X, X, X, X, M08 nuioauniesTnsinet (MS Subscriber No.)

15w dunFoalnsind Tavmne 2114273 swes zX, X, X, X, X, X, sty

a iy

Z 2=0010
X, 1=0000
X, 1=0001
X, 4=0100
X, 2=0010
X, 7=0111
X, 3=0011

dmsumadsemauouaunuaude M Z snuets svauesdsemeiasa
Y o & & i 4 ] o I's & o’:
XX, 9pu0nhe Minuinuveunies Insdwiideun weuaadltininsdmiindonin q 3

ynuwos lsuazidluves dssmelvu Taef

Z@4)=0100 WTRNGR Uszmerlosuaus
Z(5)=0101 " Uszmeaunin
Z6)=0110 " semaaiau
Z(N=0111 " Usemavesiag

Z8) =1000 " Usemaiuuaus



2.4.2 Prfixes
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Meaning in direction

Notation Coding MTX — MS/BS MS/BS — MTX
P(0) 0000 Idle Idle
P(1) 0001 Spare Call acknowledgement,
seizure and Identity
P(2) 0010 Spare Measurement results
P(3) 0011 Traffic channel Spare
P(4) 0100 Combined calling and Response on management
Traffic channel maintenance orders
P(5) 0101 Chmel allocation Spare
And Identity reguest
On traffic channel
P(6) 0110 Line signal Spare
P(7) 0111 Spare Digit signal
P(8) 1000 Spare Line signal
P(9) 1001 Spare Channel status Infortion
P(10) 1010 Test channel Spare
P(11) 1011 Spare Coin-box seizure
P(12) 1100 Calling channel Spare
P(13) 1101 Spare Other maintenance
Information
P(14) 1110 Measurement / Roaming updating
maintenance orders
P(15) 1111 Channel activation order Spare
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2.5 faed19aTuRBUMIIU-0y Fayanat ( Signalling Procedure )

- d'dy a < o’l’ 1 o QA o A o & A A 3 o)
Tunilez IdRnsantiuneumsdedygnutsiuile Tnseniinfoufidiushoson

L4

pon layvy 'ﬁ%1stmmWﬂﬁaiuwiazﬁumwmmsmﬁtynunmﬁuﬁmsda msuduwesin s
faruthe
2.5.1 wsu f‘;‘lﬂuﬁ'umumﬂmaanmn MS
MTX BS MS
1. |TC | FREE > L_tc_| FREE > [4]
2. uny
3. <71c| CALL | <1c] cALL ] 11003
4. |_TC_|YOUR IDENTITY > L_TC_|YOUR IDENTITY > [3.b]
5. < _TC|MS IDENTITY | < TC [MS _IDENTITY | [10b]
6. [_TC_[SEND DIGITS > |_Tc_[SEND DIGITS > [5a(L=3)]
7. < 1c|1:ST DIGIT | < rc]1:ST DIGIT | [14.a)
< rc[2:ND DIGIT ] < 1c[2:ND DIGIT ] [14b)
< TC|N:TH DIGIT | <TC|N:TH DIGIT | [14:.a/b]
8. < Tc|mDLE | < 1c[IDLE | [15.1
9. |_TC_|END OF DIGITS > L Tc [END OF DIGITS > [5a(L=6)]
10. [ TC [START sic. > [20.(A=3)]
11. < TC | SIG. STARTED | [25:(A=2)]

12,

13.

[ Tc [TC ALLOCATION >

< Ringing —a -

[ Tc [TC ALLOCATION >

[3.a]
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e

wann Winsmdausumasenlynasarna

Y Y

4 4 v 1 ' { 4 @
ivenansld inTesInsAniihvesiinmdoudios 1 w3esInssmt Sun

@ & A i '
agumuiwmwnmaaumzm

200 18 lassy 4
@ I'4 3 (] 4'
uny Insimy udrnamaminedatona simfuna o (SEND) iite Insoen
@ ] @ 4 LY I's
MaInNATAT AanseInsfnYioz aunu (Scan) 11 Winswila
urunia udrdsdyanuveiSoneen Tag sy 10.b
@ ¢ A a A Y] I'd [l
guegInsimiiniounvensumnomuveunsosInsfny vzde s 3.b
1190
insee Insfmihmsdimnsayvesiuosy quae Tao su 106
@ @ s A P 9o A o o Iy
N300 guey Insawiindouh lasumunomy inseeInssmy uda PUAY
wvaInyolatenan wsesInsany avsmsandeais Tas W5 5.a
(L=3)
w0 Insdmy duaunanedaisniely Taed
- unuelaenedun (1, 3,5, ..... ) 49828 sy 14.a
- EUmNEUa N NaRLg (2,4, 6, .....) 99898 151 145
ndwndl wieelnsAni dunvmnedaiemaly gumonuaudauield
Y] 4 @ o ] 1
guawldl dunsosTnsdmiveds msud1e (dle Frame) isu 15, liluen
doguaeldsumsuing uaasdh yuawldTumumnoasududs
] 4 @ I
guaie Seds sy s.a (L=6) lduen inseeInsdn
gumgezas s 20 (A=3) T1d amiigm weold aofigiu «on«
. 4 4 0 v &
¢ Signalanudai guae Mvuaudinielu sy o
ailgiuas sy 25 (A=2) even guawinld <oN« dygna ¢

d‘ d' o )
anuaMuNcvuaSsusoy

¥
a4 A =1

< q’: YN 4 1
yumwszdald wa wuq i wFesIngdwd 19 nsmiflausuun eguaeil
o o [ 4 I'd . 4 o ¢
NI IANNUUIWBITYRN AAUNIY (Carrier) 310 19503 INTANY]
(Signal Strength ) Susenafil rFaalnsAw 14 daq Hsaly uwsidluusana
] =l f Aﬂ' Aﬂy L] g9 ° @
(uamadn MS Fenag nwuonra #l nsmausuaiiey ) Adeaiimsia
¥ ¥y ¥
ANuLIveIdyudnnse lasluasiissims Sannuusaveasadung
1 . M 31 d Q'J v
waziwa SrafsuienSoufoumianga denuudfesdeld nses

v »
Tnsdndt 11 Tugesd waiu o Tas msu 3.a
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Yumeudl 13:  wwiiludyunssis (Ringing Tone) s iSondsurlmeomalfunyudy
y

L

u

e

ugadunpUMsIISuNeen

e )

Y o

nntuneudiedy ﬂa‘lﬁ'@m%ﬁ 2.2,2.3 waz 2.4 Usznouday muuaag sy

2.5.2 Neaz@oaveuriniilludunounisinsesnoin Ms

i dnsiudastunewfudodd mlsy az"lsﬁmia"lﬂﬁ’w'lﬁ'ﬂﬁqﬁ'mdn
vee sy 9309 umsdedayaadeuiesdunsaumnlasi Ms minooy 211-4053
Sonoonlufunsosmemenmeay 02-254-8169

audethetindnil1dlfindesiio MTX Simulator assudyanad U- Link ves
dorfigd mnunvgess2 Tau ﬂmﬁsmf‘:agjmu‘luﬁmumm nsm¥aueisy 64 (40
udunn uaey 0 voe nsiaueSy wwgaiihsmiud A mizaziy Y, Y, it
Juvy 4A)

4 A .&I Y 0 R
monanutr lefgaau YaUNAI0U19 INSU 4. Free Traffic Channel Indication

lﬂﬂl 4. Free Traffic Channel Indication

Channel No. Prefix TA No. Idle
N, N, N, P(3) Y, Y, A B B 0 B O B O O
4 3 2 3 4 A 0000000 000
P v d ]
Gl AU

- @) : warmalfituduiu WinswiRausma(Free Traffic Channel)
k4 ]
- NI N2 N3 = 432 :uanslfituiwinsmifiausumaiuegin seammnoiay 32

- Y1 Y2 = 4 A:uaasMiiudieglu nsmifauese 64



A8814

432
432
432
432
432
432
432
432
432
432
432
432
432
432
432
432
432
432
432
432
432
432
432

432

432
432
432
432

W W W W W W W W W Ww

w

W W W W w

W W W W W w
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) z o & )
uaasswazdaves Wy N1Fluduaoumsnsesnnn Insennndoun

4A 0000000 000

4A
4A
4A
4A
4A
4A
4A
4A
4A
4A
4A
4A
4A
4A
4A
4A
4A
4A
4A
4A
4A
21

4A
4A
21
4A
21

0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
14A5300

2114A53
2114A53
14A5300
2114A53
14A5300

000
000
000
000
000
000
000
000
000
000

000

000
000
000
000
000
000
000
000
000
000
000

000
000
000
000
000

Tx--> [4.]
Tx -->
Tx —>
Tx -->
Tx >
Tx >
Tx -->
Tx -->
Tx ->
Tx —>
Tx -->
Tx —>
Tx -->
Tx -->
Tx -->
Tx -->
Tx >
Tx >
Tx >
Tx -->
Tx -->
Tx -->
Rx <--
Tx-> [3.b]
Tx >
Rx <--
Tx —>

Rx <--

Winsdauruia

[10b] Insfmy aunu nisns e

urua uddedyanuveiunesn

YUy vermay inFeaInsfiny

[10b] Tnsfiwd duaumingduosiyguans
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432 6 4A 2114A53 333 Tx -->[ 5., L =3 ] quaovelft Insfinvidaauming
el

432 1 21 14A5300000 Rx <--

432 6 4A 2114A53 333 Tx ->

432721 14A5300 AAA Rx<— [14a] Insdwvidaaumnelatoniedadi 1

v 0 Igueny

432721 14A5300 AAA Rx <--

432721 14A53FF 222 Rx<- [14b] Tnsewiduaumnolaionisdafi 2
v 2 IRgueny

432721 14A53FF 222 Rx <--

43272114A5300222 Rx <~ [14.2] Insdwfidaaunuotaenisdaii 3
v 2 Iygueny

432721 14A5300222 Rx <--

432721 14A53FF 555 Rx<- [14b] Inséwidaaumunulatenisiifia
v 5 1suany

432721 14A53FF 555 Rx <--

432721 14A5300444 Rx<- [14.a] Tnsiwdl daswmuoratonisdiaiis
4 Wiqguaw

432721 14A5300 444 Rx <--

432721 14A53FF 888 Rx<- [14b] Insdwideoumnedaronsdai 6
v 8 ey

432721 14A53FF 888 Rx <—

432721 14A5300111 Rx<- [14a] Tnsfwiduavnnoaonisdafi 7
v 1 Ieqguany

43272114A5300111 Rx <--

432721 14A53FF 666 Rx<~ [14b] Insewsidaaunmoraronisdaiis
taw 6 Iquey

432721 14A53FF 666 Rx <

432721 14A5300999 Rx<- [14a] TnsAnviduaununotaionisdafi o

v 9 Iegueny



432721 14A5300999
0000000000000 000

0000000000000000
0000000000000000
0000000000000 000
0000000000000 000
0000000000000000
0000000000000 000
0000000000000 000
0000000000000000
4326 4A2114A53 666

0000000000000 000
4326 4A2114A53666
0000000000000000
4326 4A2114A53 666
4326 4A2114A53666
0000000000000000
0000000000000 000

00000000000000000
00000000000000000

0000000000000000
632 F4AF000399999

6329F00200000000

432 54A2115A53458

43254A2115A53 458
432 54A2115A53458
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Rx <

Rx<~ [15.] Insfmiuenyguaisnlddaunumuny
MW ldvuauda

Rx <-

Rx <--

Rx <

Rx <

Rx <—

Rx <

Rx <--

Rx <

Tx ->[5.a,L=6] yuawuen Insfnnh1dsuay
WA Huauda

Rx <--

Tx >

Rx <—

Tx >

Tx >

E 4 l
Rx<-(NOTE) aenniilyl guan szdalitaonil

Rx < U “oN” dgana ¢ Iidunagi
Rx <-- 3 finusn ves N lunséifiaadedu
Rx <-- aariigweeiiauiy o11 wrue

Rx <--

Tx ->[20., A=3] e ds woriign 19 “on”
dyana ¢
Rx <-[25., A=2] aeilgmven guaiondylun’d
“ON" daya @ uda
Tx-> [3.a]  ¥a99INMIMsIa Signal strength
Tx --> udandoadne 1 Insdwdi 114 e

Tx --> I vnuvYes 58.



432
000
000
000
000
000

632
000
632

432
432
432
432

458
458
458
458
458
458
458
458
000

54A2115A53 458
0000000000000
0000000000000
0000000000000
0000000000000
0000000000000

F4AF000C00000
0000000000000
9F00DO00000 000

34A0000000000
34A0000000000
34A0000000000
34A0000000000

8§2114A5311111
82114A5311111
6 4A2114A53 FFF
82114A5311111
6 4A2114A53 FFF
82114A5311111
6 4A2114A53 FFF
6 4A2114A53 FFF
0000000000000
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Tx —>.
g 9/ o =
Tx --> (NOTE) il'lﬂuuYI'N‘IzﬂJﬂ'lUﬂﬂﬂfNUﬂlﬁﬂﬂ'li

t 4
Tx-> 14 CHNo. 3 illauds “OFF” doyenai ¢

» 1 4
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IR KR Jﬂ
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dyana ¢ uda

[) i 4
Tx > [4] guao dalddee ity Winaw
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} 4
' A
Tx-> (NOTE) o910t lezlUy ¥99 58
(NeqQMI5InAL3 (Clearing) Vol
} 4
aununiu ewndudadr g
A3ty ¥eq sz lilimsds msu
Q2 v a
Danudn
Rx<—- [13.a]  Insfinn ve 1ndus(Clearing)
Rx <--
o a o .
Tx > [5.a] YUAIE ADUIUNTINAYT(Clearing)
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Tx «>
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Tx-> (NOTE) wasnnins ndes Seudeu
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0000000000000 000
0000000000000000
0000000000000000
658 F 4AF000C00.000
0000000000000 000
6589 F00D0000000O0

658 F4AF000000000
6589 F00100000000
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Tx -->
Tx >

Tx >

Tx -->[20.

Rx <~

Rx <--[25.

Tx -->[20.
Rx <~--[25.

14 ]
58 Hlauda “OFF” daygnat §

,A=12] quaY 69 “OFF” daygal §

,A=13] amilguaeuiunld “orFr”

dyann d uda

,A=0]  %udw 99 “OFF” CH.

JA=1]  donilg asufufidans

“ OFF” %94
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3.1 7,19 Rx
TasmsidinTesilosa RF Communication Test Set (ffuiasu Ty unnaIweIMA

3.2 29952%AA99 (Limiter)
sssunAvesdanaaundsnvezdsenoudves luiladusn (1% harmonic Juaz

oriTufindouq  Smnnnefadiuailuiedd  aunsouaas1dlugilveseynsingded

' ¥
(Fourier serie) YeITIAITIINAT] Duty cycle 50% 1Anail
v(t) = A[ 1/2+Sing nt +1/3 Sing 3nt + 1/5 Sing 5nt + 1

uanseafulasmmizninveedyans  29950509A19Y  LnzRuequaineszaaneu
o a d L] a 4 o g ar 4 4 o
15 lwiindgeq eonldednioneznined]s dnludygia RF Aldnnniessuel

[

sifvAaldnnanuiiussusilimsfienuves  TIL  Aawananiesninlifuiiu
AU

[l ] td ]
YIUGINTOA (High or Low logic) AsHeunsoudlvldTaslidya uiionn

3
o

] aa a1 aa o H K
il'lﬂlﬂ%‘ﬂ\ﬁﬂﬂ'l'u'N‘i]iﬁﬂlﬂf]iﬂﬂu Tﬂﬂ"l\miﬁﬂlﬂﬂiﬁgwi]'lﬂf]f]i]llﬂﬂﬂﬁiﬂﬂﬂﬂllﬂﬂﬂﬂu

o

W15UA05 (Comparater) laudasiveoganng lifimsfloundudyapagadorthvuoy
a a 4 o o a { a /A o
funesas MenfSoufioufuusaiudieds  ( Reference voltage ) fividuesacdeg
] 14 ] ] - v 4
3.2 ootuondildlunesiife LM 311 ilsanndlussiueudlilfunasseIW@oads

] y ¥
mangauivees lagswilimmensedu TIL winfudelideanumassie Iauiu@y

vee
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AVAYAY,
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3.3 MATaNAUUITN ( Clock Recovery )

18.492 KHz 288 KHz 19.2 KHz 1,200 Hz

NI NI NN NN
ﬂbﬂ‘imlﬂﬂ; w1 64 wnis "1l 16

NI

minnm

A T g o JCA A { a LY = - o
oeninmadedeynve InsAnnedaiflunsduuesdelania  So'lilidyans

(7
(]

- 1 o/ a - J 1 e
wRMaUgdy madnisuledesadudggnann@minamlminndygin NRz 714

%
o A

Surveldarugumaihnuvesdiuaeg lumafuldioundoumSosiu  (Synchronous)

4 o

P 9y J [} 9y a1 = v a . [
dygranninmnailiuinlmisededinnudasefuiingm (Bit Rate ) 199 NRZ uazds
Avadalasiia ( Synchronouse ) fiudQyeal NRZ At

g 209 a g4 a | a
lumsesnuvyluniaiisziSudunnnnseadiamesFeeznannudoenuiileal
] } 4
18432 MHz ud2111Uid12995m15 64 ezldanunszua 288 KHz ndeviniuaii 1yl
Wh99311s 15 9nf eldanudmdeiivadszana 192 KHz  usiileeninnanyanis
2 2 . 4 ;
A9an131iuAD 1200 Hz m31zasiu Sedoailiidieesms 16 el ldn1ud 1200 Hz
a wa o - o g 4 1
TumalgiaennsoadasssddyaauimTaserdouionlaszunsufinaidhs

Autinnadianees 18zl 3.4
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{ o a a a 4 a
317 3.4 dursesdFuygnanniint Susneoadiamed ( Oscilator) $19841ae1d
a 1 o o d 0 4
Asanen (Cycle) 18.432 MHz soswdudaunudsyquas IC 74HC4060 vimdhnilou
t 4 ]
ldrunTaneaswiamsanudnnaiaasadin 64 lulud doygnuunininn Ic
4 ' [
4060 93gAMIs 15 A IC 7418161 lavldimailnnisdenmisiSudu (resent) #1 1
] B t 4
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L 4 v v ] 4
7418161 fegFnin 1 89 15 wdnunduunFiniui 1 Imindeaiudyanannin
nnvisUidlassgn IC 74LS161 M1sAdw 16 el Iddygnanfannud 1200 {n
1 A I
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a 4 o a o 4
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a A 9 o o a a do o o -
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1 4
910 State Diagram #1315005U10 1441l

When State

When

When

When

When

When

When

When

When

When

When

When

When

State

State

State

State

State

State

State

State

State

State

State

State

0

10

11

12

=> 81 Input Aausndndlu <17 W State 1 uaz Output 1§l «17
uAd Input Aausmdhunliviiy “17 1oy State 0 uag Output
({hy «17

= & Input dafizdndu “17 W State 2 taz Output 1§y “17
st Input faf2nnilu “o» 191 State 0 ag Output 15y «1”

= & Input M3ty «1” W stte 3 uaz Output 1y «1
Ui Input Aafiaidudu “0» Y State 0 uaz Output iy «17

= #1 Input fafadnndu «7 WY State 4 uaz Output iy 17
Ut Input faftaundu «0» W State 0 uaz Output iy <1

=> & Input dafisduilu “0” Wl sute 5 uaz Output Hu “1”

'
~

uad Input Al <17 W State 0 tag Output iy «17

= #1 Input St “ov Wl State 6 uaz Output (Hu “17
U nput dafina iy «17 191 State 0 a2 Output (¥ <17

= 1 Input faf7dndlu “o» WY State 7 uaz Output (dhy 17
At nput Fafindwnudu <1 WY State 0 uaz Output iy <17

= &1 Input Fafigdunilu “17 WY State 8 uaz Output 1y 17
1t Input & afisdundu <07 11 State 0 uag Output i <17

= &1 Input Fafonndlu “o» 1Y State 9 uaz Output (<17
Ut Input fafioudu «1» 1Y State 0 uaz Output ity «17

= &1 Input dafitodundiu “o» W State 10 uag Output Sy «17
18 Input &7 10isfiu “17 191y State 0 uag Output (i «17

= & Input fafit 1ty 17 WY State 11 uaz Output du «1»
U8 Input #9711 18l <07 191/ State 0 uaz Output (¥ «1”

= § Input Frfi12dmnuiiu “o” W State 0 uBz Output Fu “o”
Uit Tnput dafi 128 midhy “17 11 State 0 uaz Output (¥ «1”

= §1 Input #afitsdndiu “1” W State 1 uaz Output Sy “17

uAd Input @913 wudiu «0” 114 State 0 14ag Output sy “1
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Vee=+5v
Vee=+5v
24 ’
Decode
Clock 1 24 \ 20 Data :C
Encode
En 2| PALCE22V10 1 2 [PALCE22v10 19 ‘< o >—
3
Counter 19 y “ Latch 18 e peces
140 Bit 4 ! Encode Data
12 12 17— e
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| Decad > ={ B >
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140 9N ( 140 1in veadaygni NRZ ) ilouasy 140 udangduilanadgudian q Yuuioen
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3.5.2 'Nmﬁq&'q;mm%ymﬂnﬁ’a (Latch Encode Data)
L] y o ar a ( o 1
Tua2u¥992995 Latch Encode Data Huzihdgyanaoinain isuden uazdayanui

LY '] ] ) é o Y = 1
18910 2999110 140 viundediu Suwa Famshnuveanesiiosueldnnlusinsy uaz
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i/=10/0

i=01/0 i=10/1
i=11/1

3171 3.10 State Diagram vyeannAsdganudoyadisda

s 3

When State 0 => &1 8una fdhudiu “10” 181 state 1 uaz eniyn 11y «17
uAth Bune Adanaiviiu <107 1 state 0 az 1o1iya
lﬂu “0,’
When State 1 => &1 8uma fidhadiu «11 12uegi State 1Aufle Stateluaziont
1 = { d
wa dlu “17 uadduya Adwudlu <on 19 state 0 uag 101
wa Wy <o~
s a v o A =y s a 9 o ® a
dygnailfnduiad 1 912 qSunninusnvesdyanangmdisde Tuiouds dn
0 o P Y o dyud o Vo a - aa S
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o T da a a & e P a a
deygra senuunwizsRflduu «1” 91n Suuda mintu dilar <07 anfiv Suuda
e

o 1 o q’o’ " oA of & = @ a
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Bit Sync | Frame Sync Encode Data

O/P Frame Sync

O/P Counter140

€

D,

aa 16 L

317 3.11 uaasdyanaldlums Latch Endcode Data

3.6 MnooAIHT (Decode Data)

M3991nNAS Encode Data 1Aud 09z IS sudsusuduanafisuldsnfianiag

v v

a

¥ 1 4
o ' L% @ 0 '
(Latch) sonutiugnuianlar  wdsniniunezinsaueiddoyas3s (Information Bits )
4 v a . . 1l a 1 3 y @2 a 1
9911 1110991n993Ya933 (Information Bits ) vzegfidng  mazasiiuzdeneingeonin
@ A @ o 4 1 S ] Q L e i ]
Tasmsldaeesiy 2 desduinlifiesaewdalddemiing viedwilluiFesqaundee
-1 § a . . [} y
nuamlsy Nezldsdoyaede (Information Bits) oeaw  Tusunsuludmfive@ousay

1 o

o @ A 4
g TusunsuninAedryaadoyadnswa (Latch Encode Data ) daqldfimanuan

9

3.7 mauaadna (Display)
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DECODE DATA >— SIPO D 7-SEGMENT 7-SEGMENT
FLIPFLOP DECODE

COUNTER
70
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M3 5He ( Encode )
A A 1 o AQ o A . -
envzaailymlumsdedayanudeiuiiowinns Fading nionisunsnaeon
( Interference )
A1 9 39 1AM s ALY Error - Correcting Code 1&onauiiazdionneinid d1iinsith
E 4 v
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Encoded Data 92UNUAIY Yi LA Data Nozdnsvaunudy Xi Iaoh

- 4 N
Xi e i=1-3
XiD xi3 e i=4-64

v2ir1 = < > Parity Check Bits
xi-3 o i=65-67
A

1 119 i=68-70

N\ J
0 e i=1-6

Y2i = Information Bits

Xi-6 e i=7-70

@ sznunuda Addition Modulo —2 ( Exclusive- OR )

snaumstheuney 183mn o Information Bits Aeluhfuszi parity Check Bits
al#ae msrzagihunaue1I98e Encoded Data 1RWaAY 140 Bits

el leatady vz dundaotiadunes Encoded Data drawudusidosns

1 4
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N, | N[N (PO Y| Y, T T[T 3|33 |37

4 321 C|5|6[0]0[fO]O]|] OfO|"OJO]O]fO

0100 OOIJ 0010 1100{ 0101 011¢ 000Q 000q 0000{0000] 000 0000;0000{ 000Q 0000;0000
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............... o, .‘.“““-.. k..
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C22V10

clk=| 1]
i=2|

rst =| 3|

not used *| 4|
not used *| 5|
not used *| 6|
not used *| 7|
not used *| §|
not used *| 9|
not used *|10|
not used *|11|

not used *|12]

[24]* not used
[23]= stateSBV_2
|22|= stateSBV_5
|21]= stateSBV_0
|20}= stateSBV_6
[191=y

|18]=z

I17}=q

|16]= stateSBV _3
|15]= stateSBV_4
|14]= stateSBV _1

|13|* not used

Error Count=10

Completed Successfully

Warning Count =0
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Tilsunsunmans209unlsu@en (Program Frame Sync Detector)

Entity po is port (
clk,rst,i:in bit;

y:out bit);

Attribute part_name of po :entity is "c22v10";
Attribute pin_numbers of po:entity is

"1:2 rst:3 clk:1 y:19";

End po;

Architecture archpo of po is
type states is (state0,statel,state2 state3,stated,state5,state6, state7,state8,state9,
state10,state11,state12);

signal state:states;

begin
sl:process(clk,rst,i)
begin
if rst='0' then
state<=state0;
y<='1%
elsif{clk'event and clk="1"then

case state is

when state0=>
if i='1" then
state<=statel;

y<='15



else
state<=state0;
y<="1}

end if;

when state1=>
if i='1'then
state<=state2;
y<="1%
else
state<=state0;
y<='1}
end if;

when state2=>

if i='1"then
state<=state3;
y<=15

else
state<=state0;
y<=1}

end if;

when state3=>
if i='1'then
state<=state4;
y<=1";
else
state<=state0;

y<='l';



end if;

when state4=>

if i='0'then
state<=state5;
y<='15

else
state<=state(;
y<='l};

end if}

when state5=>

if i='0'then
state<=state6;
y<=1}

else
state<=state0;
y<='1;

end if;

when state6=>

if i='0'then
state<=state7;
y<='1";

else
state<=state0;
y<='15

end if;

when state7=>



if i='1" then
state<=state$;
y<='1}

else
state<=state(;
y<='1%

end if;

when state8=>

if i='0'then
state<=state9,
y<='15

else
state<=state0;
y<='1}

end if;

when state9=>
if i='0'then
state<=state10;
y<='1%
else
state<=state0;
y<='1}

end if}

when state10=>
if i='1'then
state<=statell;

y<='1%



else
state<=state0;
y<=1

end if;

when state] 1=>
if i='0'then
state<=statel2;
y<='0';
else
state<=state0;
y<='1";

end if;

when state]12=>

if i='1' then
state<=statel;
y<='l};

else
state<=state0;
y<='1;

end if;

end case;
end if;
end process sl;

End archpo;



Tdsunsuneasiiy 140

Entity co is port(
clk,rst:in bit;
count:buffer bit_vector(7 downto 0);

z:out bit);

Attribute part_name of co:entity is"c22v10";
Attribute pin_numbers of co:entity is
"clk:1 rst:2 z:19 count(0):23 count(1):22 count(2):21 " &
" count(3):20 count(4):17 count(5):16 count(6):14 count(7):15";

End co;

Use work.int_math.all;

Architecture archco of co is

begin
sl:process(clk,rst)
begin
if rst='0' then
count<="00000001";
elsif(clk'event and clk='1"then
count<=count+1;
end if;
end process;
z<='0" when (count="10001100") else '1';

End archco;



TUsunsuninsenssia (Program Decode)
Entity po is port(
clk,data,b,en,rst:in bit;
id:in bit_vector(1 downto 0);
count:buffer bit_vector(1 downto 0);
z,y2,72,73:0ut bit;

y,y1,z1:inout bit);

Attribute part _name of po:entity is"c22v10";
Attribute pin_numbers of po:entity is
"clk:1 id(1):3 id(0):2 data:4 en:5b:6r1st:7 " &
"z:19 z1:15 z2:21 z3:20 y:18 y1:17 y2:16 count(0):23 count(1):22";

end po;

use work.int_math.all;
Architecture archpo of po is
type states is(stateQ,statel);

signal state:states;

begin
sl:process(clk,id)
begin

case state is

when state0=>
if id="10" then
state<=statel ;
y<=1";

else



state<=state0;
y<='0';

end if;

when state1=>
if id="11"then
state<=state];
y<='15
elsif id="01"then
state<=state0;
y<='0';
end if}
end case;

end process s1;

s2: process
begin
wait until clk='1";
if y='1' then
z<=data;
end if;

end process 52 ;

s3:process
begin
wait until clk="1";
yl<=y;
y2<=yl;
end process s3;

s4:process(clk)



begin
if(clk'event and clk='1"then
if rst='0' then
count<="00";

elsif y1='1" then
count<=count+1;
end if;

end if;

end process s4;

s5:process
begin
if en="1' then
z3<=b;
end if;
end process s5;

z1<= not count(0);

s6:process
begin
wait until clk='1";
z2<=71;
end process s6;

End archpo;
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Entity count70 is port(
clk,rst:in bit;
z:out bit;

count:buffer bit_vector(7 downto 0));

Attribute part_name of count70:entity is"c22v10";
Attribute pin_numbers of count70:entity is

"clk:1 rst:2 z:19 count(0):23 count(1):22 "&

" count(2):21 count(3):20 count(4):17 count(5):16 "&

" count(6):15 count(7):14";

End count70;

Use work.int_math.all;

Architecture archco of count70 is

begin
sl:process(clk,rst)
begin
if rst='0' then
count<="00000000";
elsif ( clk'event and clk='1")then
count<=count+1;
end if;
end process;
z<='1" when (count="01000110") else '0';

End archco;



Tsunsu D FlipFlop

Entity count70 is port(
clk,rst:in bit;
z:out bit;

count:buffer bit_vector(7 downto 0));

Attribute part_name of count70:entity is"c22v10";
Attribute pin_numbers of count70:entity is
"clk:1 rst:2 z:19 count(0):23 count(1):22 "&
" count(2):21 count(3):20 count(4):17 count(5):16 "&
" count(6):15 count(7):14";

End count70;

Use'work.int_math.all;

Architecture archco of count70 is

begin
s1:process(clk,rst)
begin
if rst="0" then
count<="00000000";
elsif ( clk'event and clk='1")then
count<=count+1;
end if;
end process;
z<='1' when (count="01000110") else '0';

End archco;
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Entity co is port(
clk,rst:in bit;
count:buffer bit_vector(7 downto 0);

z:out bit);

Attribute part_name of co:entity is"c22v10";
Attribute pin_numbers of co:entity is
"clk:1 rst:2 z:19 count(0):23 count(1):22 count(2):21 " &
¥ count(3):20 count(4):17 count(5):16 count(6):14 count(7):15";

End co;

Use work.int_math.all;

Architecture archco of co is

begin
s1:process(clk,rst)
begin
if rst='0' then
count<="00000001";
elsif{clk'event and clk='1")then
count<=count+1;
end if;
end process;
z<='0' when (count="10100110") else '1’;

End archco;
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Tilsunsundndyanas

Entity po is port (
clk,rst,izin bit;

y,z,q:inout bit);

Attribute part_name of po :entity is "c22v10";
Attribute pin_numbers of po:entity is
"i:2 clk:1 rst:3 y:19 z:18 q:17";

End po;

Architecture archpo of po is
type states is (stateO,state1,state2,state3,stated state5,state6,state7, state8,

state9,state10,statel 1,state12,state13,state 14,statel5,state16,
statel7,state18,state19,state20,state21,state22 state23,state24,
state25 state26,state27 state28,state29,state30,state3 1,state32,
state33 ,state3;1,state35 ,state36,state37,state38,state39,state40,
state41,state42 stated43,stated4,state4 5,state46,state47,state4 8,
state49,state50,state51,state52,state53,state54,state55,state56,
state57,state58,state59,state60,state6 1,state62,state63,state64,
state65,state66,state67 state68,state69,state 70,state71,state72);

signal state:states;

begin
sl:process(clk,rst)
begin
if rst="0'then
state<=state0;

y<='07



elsif(clk'event and clk='1")then
case state is
when state0 =>
if i='1'then
state<=statel;

y<=| l';

end if;
when state1=>
if i='0' then
state<=state2;
y<='1";
end if;
when state2=>
if i='1" then
state<=state3;
y<='15
end if;
when state3=>
if i='0" then
state<=stated4;
y<="14
end if}
when state4=>
if i='1" then
state<=state5;
y<='0'
end if;
when state5=>

if i='0’ then



state<=stateb;
y<=0}
end if;
when state6=>
if i='1'then
state<=state7,;
y<=0
end if;
when state7=>
if i='0'then
state<=stateS8;
y<=1}
end if;
when state8=>
if i='1'then
state<=state9;
y<='0%
end if;
when state9=>
if i='0' then
state<=state10;
y<=05
end if;
when state10=>
if i=']' then
state<=statell;
y<='1}
end if;
when statel 1=>

if i='0' then



state<=state12;
y<='0%
end if;
when statel12=>
if i='1'then
state<=statel3;
y<='1"
end if;
when state13=>
if i="0'then
state<=state14;
y<='0';
end if;
when state14=>
if i='1'then
state<=statel$5;
y<='0%
end if}
when statel5=>
if i='0'then
state<=state16;
y<='0';
end if;
when statel 6=>
if i='1'then
state<=statel7;
y<=14
end if;
when state17=>

if i='0'then



state<=state18;
y<=0';
end if;
when state18=>
if i='1'then
state<=state19;
y<='1}
end if;
when state19=>
if i='0'then
state<=state20;
y<=0;
end if;
when state20=>
if i='1'then
state<=state21;
y<=0;
end if}
when state21=>
if i='0'then
state<=state22;
y<=0;
end if;
when state22=>
if i='1'then
state<=state23;
y<='1}
end if;
when state23=>

if i='0'then



state<=state24;
y<='0%
end if;
when state24=>
if i='1'then
state<=state25;
y<='0%
end if;
when state25=>
if i='0'then
state<=state26;
y<='0';
end if;
when state26=>
if i='1'then
state<=state27,
y<='0%
end if;
when state27=>
if i='0'then
state<=state28;
y<='1}
end if;
when state28=>
if i='1'then
state<=state29;
y<='1}
end if;
when state29=>

if i='0'then



state<=state30;
y<='0
end if;
when state30=>
if i='1'then
state<=state31;
y<=10'
end if;
when state31=>
if i='0'then
state<=state32;
y<=0;
end if;
when state32=>
if i='1'then
state<=state33;
z<='1";
end if;
when state33=>
if i='0'then
state<=state34;
z<=0";
end if;
when state34=>
if i='1'then
state<=state35;
z<='1";
end if;
when state35=>

if i='0'then



state<=state36;
z<='0';
end if;
when state36=>
if i='1'then
state<=state37;
z<='0;
end if;
when state37=>
if i='0'then
state<=state38;
z<="1";
end if;
when state38=>
if i='1'then
state<=state39;
z<='l"
end if;
when state39=>
if i='0'then
state<=state40;
z<='1";
end if;
when state40=>
if i='1'then
state<=state41;
z<='1l";
end if;
when state41=>

if i='0'then



state<=state42;
z<=(";
end if;
when state42=>
if i='1'then
state<=state43;
z<="(";
end if;
when state43=>
if i='0'then
state<=state44;
z<='0";
end if;
when state44=>
if i='1'then
state<=state45;
z<="0";
end if;
when state45=>
if i='0'then
state<=state46;
z<='1l";
end if;
when state46=>
if i='1'then
state<=state47,;
z<='0';
end if;
when stated7=>

if i='0'then



state<=state48;
z<='0";
end if;
when state48=>
if i='1'then
state<=state49;
z<="1";
end if;
when state49=>
if i='0'then
state<=state50;
z<='1";
end if;
when state50=>
if i='1'then
state<=state51;
z<='0';
end if;
when state51=>
if i='0'then
state<=state52;
z<='1";
end if;
when state52=>
if i='1'then
state<=stateS53;
z<='0";
end if;
when state53=>

ifi='0'then



state<=state54;
z<='0;
end if;
when state54=>
if i='1'then
state<=state55;
z<='"0";
end if;
when state55=>
if i='0'then
state<=state56;
z<='0";
end if;
when state56=>
if i='1'then
state<=state57;
z<='1";
end if;
when state57=>
if i='0'then
state<=state58;
z<='0";
end if;
when state58=>
if i='1'then
state<=state59;
z<="1";
end if;
when state59=>

if i='0'then



state<=state60;
z<="1";
end if;
when state60=>
if i='1'then
state<=state61;
z<='0";
end if;
when state61=>
if i='0'then
state<=state62;
z<='0";
end if;
when state62=>
if i='1'then
state<=state63;
z<='(";
end if;
when state63=>
if i='0'then
state<=state64;
z<='l"
end if;
when state64=>
if i='1'then
state<=state65;
z<='1";
end if;
when state65=>

if i='0'then



state<=state66;
z<="0";

end if;

when state66=>

if i='I'then
state<=state67;
z<='1";

end if}

when state67=>

if i='0'then
state<=state68;
z<="1";

end if;

when state68=>

if i='1'then
state<=state69;
z<='l";

end if;

when state69=>

if i='0'then
state<=state70;
z<='l";

end if;

when state70=>

if i='1'then
state<=state71;
z<="l"

end if;
when state71=>

if i='0'then



state<=state72;
z<="0'";
end if;
when state72=>
if i='1'then
state<=state71;
z<='1

end if;

end case;

end if;
end process s1;
q<=(yorz) ;

end archpo;
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-8 current, the PALCE22V10Z allows batery-powcered operaton for an extended perod.

@ v > > o

' PALCE22V1.0 COM'L: H-6/7/10/15/25,Q-10/15/25 IND: H-10/15/20/25

PALCE22V10Z COM'L:-26 IND: -16/25
—
m PALCE22V10 and PALCE22V10Z
' BEY(IND PERFORMANCE Famllles
24-Pin EE CMOS (Zero Power) Versatile PAL Device

DISTINCTIVE CHARACTERISTICS

§ ¢ As fast as 5-ns propagation delay and 142.8 MHz fy,ax (external)

¢ Low-power EE CMOS

§ ¢ 10 macrocells programmable as registered or combinatorial, and active high or active low to
match application needs

§¢ Varied product term distribution allows up to 16 product terms per output for complex
functions :

Peripheral Component Interconnect (PCl) compliant (-5/-7/-10)

Global asynchronous reset and synchronous preset for initialization

Power-up reset for initialization and register preload for testability

Extensive third-party software and programmer support

24-pin SKINNY DIP, 24-pin SOIC, and 28-pin PLCC .

5-ns and 7.5-ns versions utilize split leadframes for improved performance

{ GENERAL DESCRIPTION

1

v The PALCE22V10 provides uscr-programmable logic for replacing conventional $51/MS1 gates and
3flip-flops at a reduced chip count.

{ihe PALCE22V10Z is an advanced PAL® device built with zero-power, high-speed, clectrically-
Jerasable CMOS technology. It provides user-programmable logle for replacing conventional zero- ,
f rower CMOS SSI/MSL gates and flip-flops at a reduced chip count.

ihe PALCE22V10Z provides zcro standby power and high speed. At 30 pA maximum standby

-
B
=
-
.
£,
[a)
-8
tA

{1hc PAL device implements the familiar Boolean logic transter function, the sum of products. ‘The
{'AL device §s a programmable AND array drving a fixed OR array. The AND amay is programmed
0 create custom product terms, while the OR amray sums sclected terms at the outpuls.

| 'he product terms are connected to the fixed OR array with a varied distribution from 8 to16 across
fihc outputs (sce Block Diagram). ‘The OR sum of the products feeds the output macrocell. Each
{macrocell can be programmed as registered or combinatorial, and active-high or active low. ‘Ihe
{output configuration is determined by two bits controlling two multiplexers in cach macroccell.

(‘ Ablicaiion® 16564  Rev: B
3 Amendinenl/0 Insue Date: November 1998
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IFUNCTIONAL DESCRIPTION

IThe PALCE22V10 allows the systems engincer to implement the design on-chip, by programming
iE cells to configure AND and OR gates within the deviee, according to the desired logle function.
{ Complex Interconnections between gates, which previously required time-consuming layout, are

"Hlified from the PC board and placed on silicon, where they can be casily modified during

i prototyping or production.

{1he PALCE22V10Z is the zero-power version of the PALCE22V10. It has all the architectural features
{ of the PALCE22V10. [n addition, the PALCE22V10Z has zero standby power and unused product
term disable.

§ Product terms with all conncctions opened assume the logical HIGH state; product terms
 connected to both true and complement of any single input assume the logical LOW state.

. §1he PALCE22V10 has 12 inputs and 10 1/O macrocells. "The macrocell (Figure 1) allows onc of four

[ potential output configurations registered output or combinatorial /O, active high or active low
f (sce Figure 1). The configuration cholce Is made according to the user's design specification and
i corresponding programming of the configuration bits Sp - 5. Muluplexer controls are connected
f o ground (0) through a programmable bit, sclecting the “0” path through the multiplexer. Erasing
§ the bit disconnccts the control line from GND and it is driven to a high level, sclecting the “1” path.

§ Ihe device s produced with an EE cell link at cach input to the AND gate array, and conncctions
may be selectively removed by applying appropriate voltages to the circult. Utillizing an casily-

| iImplemented programming algorithm, these products can be rapidly progrunmed to any

| customized pattern.

¥ 332 PALCE22V10 and PALCE22V10Z Families



* Variable Input/Output Pin Ratio

e PALCE22V10 has twelve dedicated input lines, and cach macrocell output can be an 1/O pin.
B Butters for device inputs have complementary outputs to provide user-programmable input signal
| polarity. Unused input pins should be tied to Vi, or GND.

: /
—D v
AR 10
. | 11
e D Q 0 0 —< /0
clk—p T 01
T S . S So Output Configuration
SP 1 So L 0 0 Registered/Actlve Low
0 1 Registered/Actlve High
i P 0 1 0 Combinalorial/Acilve Low
I o 1 i 1 Combinatorial/Aciive 1Ugh
[____ 0 = Programmed EE bil
1 = Erased (charged) EE bit
16564€-004

Figure 1. Output Logic Macrocell Diagram

Registered Output Configuration

| Each macroccll of the PALCE22V10 includes a D-type flip-flop for data storage and
j syrichronization. The flip-flop is loaded on the LOW-to-HIGH transition of the clock input. In the
' ¥ registered configuration (S = 0), the array feedback is from Q of the flip-flop.

)
2.
-~
(v
@
-3
~
©m
w

: Combinatorial I/0 Configuration

‘ Any macroccll can be configured as combinatorial by sclecting the multdplexer path that bypasscs
i the flip-flop (55 = 1. In the combinatortal configuration, the feedback is from the pin.
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Sg=0 - §g=0 7

—

b. Comblnatorlal/active low

Sp= Sg=1
—D AT §y=0 Sy=1
D Q rKE
CLK -P Q

¢ Registered/active high d. Combinatorial/active high 16564E-005

Figure 2. Macrocell Configuration Options

§ Programmable Three-State Outputs

{ Each output has a three-state output bufter with three-state control. A product term controls the
j bufter, allowing cnable and disable to be a function of any product of device inputs or output

f fcedback. ‘The combinatorial output provides a bi-directional 1/0 pin, and may be configured as
1 dedicated input if the buffer is always disabled.

| Programmable Output Polarity

§ The polarity’ of cach macrocell output can be active high or active low, clther to match output

 signal nceds or to reduce product terms. Programmable polarity allows Boolcan expressions to be

_§ written in their most compact form (true or Inverted), and the output can stll be of the desired
§ polarity. It can also save “DeMorganizing” cfforts.

{ Sclecton is controlled by programmable bit S, in the output macrocell, and affects both registered
#and combinatorial outputs. Sclection is automatle, based on the design specification and pin

§ dcfinitions. If the pin definition and output equation have the same polarity, the output is

{ programmed to be active high (S, = 1).

Preset/Reset

 For initializaton, the PALCE22V10 has presct and reset product terms. "These terms are conneeted
f loradl reglstered outputs. When the synchronous presct (SP) product term is asserted high, the

§ output registers will be loaded with a HIGH on the next LOW-to-HIGH clock transition. When the
§asynchronous reset (AR) product term Is asserted high, the output registers will be immediately
" Yloaded with a LOW independent of the clock.
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8 Notc that preset and reset control the flip-flop, not the output pin. ‘the output level is determined
i by the output polardty sclected.

Power-Up Reset

; d Al flip-flops power up to a logic LOW for predictable system initlalization. Qutputs of the
‘BPALCE22V10 will depend on the programmed output polarity. ‘The Ve rise must e monotonic,
§and the reset delay time is 1000ns maximum.

| Register Preload

8 1he register on the PALCE22V10 can be preloaded from the output pins to facllltate functional
g testing of complex state machine designs. This feature allows direct loading of arbitrary states,
§ making it unnceessary to cycle through long test vector sequences to reach a desired state. In
§ addidon, transitions from illegal states can be verified by loading llegal states and dbserving
& proper tecovery.

Security’Bit

After programming and verification, a PALCE22V10 design can be sccured by programming the
f sccurity EE bit. Once programmed, this bit defeats readback of the internal programmed pattern
; by a device programiner, sccuring proprictary designs from competitors. When the sceurlty bit is
3 programmed, the array will read as if every bit is erased, and preload will be disabled.

The bit can only be erased in conjunctlon with crasure of the entire pattern.

§ Programming and Erasing

§'Ihe PALCE22V10 can be programmed on standard logic programmoers. It also may be crased to
§ resct a previously configured device back to its unprogrammed state. Erasure is automatcally
§ pcrformed by the programming hardware. No special crase operation is recuired.

Quality and Testability

“s The PALCE22V10 offers a very high level of bullt-in quality. The cras: 1l>illty of thc, device provides
§ a dircct means of verdtying performance of all AC and DC paramcters. In additon, this verifics

f complete programmability and functonality of the deviee to provide the highest programming

| yiclds and post-programming functional yiclds In the industry.

Technology

4'the high-speed PALCE22V10 is fabricated with Vants' advanced clectrically crasable (EE) CMOS
fl process. The array connections arc formed with proven EE cells. Inputs and outputs arc designed
B0 bc compatible with I'I'L devices. ‘This technology provides strong input clamp diodes, output
f slew-rate control, and a grounded substrate for clean switching.

PCI Compliance

The PALCE22V10H dév@ccs In the -5/-7/-10 spced grades are fully compliant with the I°CI Local
i Bus Specification published by the PCI Special Interest Group. "the PALCE22VI10H's predictable
§ timing ensures compliance with the PCL AC specifications independent of the design.

| Zero-Standby Power Mode

The PALCE22V10Z features a zero-standby power mode. When none of the inputs switch for an
§ cxtended period (typically 50 ns), the PALCE22v102Z will go Into standby mode, shutting down

-
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imost of its internal circuitry. "The current will go to almost zero (¢e < 30 pA). ‘The outputs will
I naintain the states held before the device went into the standby mode. . :

, . .
{when any input switches, the internal dircultry is fully cnabled, and power consumption returns
§ 5 normal. ‘This feature results in considerable power savings for operation at low o medium
frequencies. “This saving'ds illustrated in the [ vs. frequency graph. '

 Product-Term Disable
l On a programmed PALCE22V10Z, any product terms that are not uscd are disabled. Power s cut
{ off from thesc product terms 5o that they do not draw current. As shown In the e vs. frequency
i iraph, product-term disabling results in considerable power savings. 'I'his saving is greater at the

§ higher frequencics.

§ turther hints on minimizing power consumption can be found in a scparate document entided,
§ Minimizing Power Consumplion wilh Zero-Power PLLs.
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'§ABSOLUTE MAXIMUM RATINGS

OPERATING RANGES

g Storage Temperature. o oo vve v nn v e -65°C 10 +150°C Commercial (C) Devices
§ Amblcnt Temperature with , . .
“Frower Applied . ... s5°Go+12se  Amblent Temperawre (Ty)

R supply Voltage with

R Programming condilions may vary.

Respectto Ground .. ... % uv vl 05 VIO +7.0V
“#DCInput Voltage ........... AS5VioVeg+ 10V
§ DC Qurput or I/0 Pin Voltage. . .-0.5V 1o Vi + 1.0V
Lo 2000V
L0100 mA

g Statlc Discharge Volage .............
¥ Larchup CQurrent (T = 0°C 10 +75°C). . ..

 Siresses above 1hose listed under Absolule Maximum Ralings
§ may cavse perinanent device fallure. liunctionallly al or above
B ibese limlis is not implled. Iixposure la Absolule Maximinn

N ralings for extended preriods may affect device rellabillly.

Supply Voltage (V) with
Respect to Ground. . . .

PR

Operating InFrec Alr. oo oo e e

0°C 10 +75°C

.. +4T5 V10 45,25V

Operaling ranges define 1base lhndis belween which 1be June-
tonallly of 1he device Is guaranieed,

4§ DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES

D pr—

’ ' 2. V0O pin leakage is 1be wois! case of Iy and /é sz or typand leyy ).

Parameter
: Symbol Parameter Description Test Conditions Min Max Unit
. Yout Output NG Vollage l()" =-3.2mA, Vm = Vl" nr Vll., V(l: = Min 24 Y
V(l ()ulpul LW VO‘L’IE& l(,L = 16 mA, V‘\‘ = V]” or Y”’ V(x; = Min 0.4 Y
3 Guaranteed Input Logical HIGH
Y, laput LG Yol 2.0 Y
gm P tage Yoliage for all Inpuis (Note 1)
‘ Guaranteed lnpu Logical LOW
Yi laput LOW Yoliage 0.8 Y
Yollage for all Inpuits (Note 1)
hy fnput G Leakage (nrrent Vi = Vo Yo = Max (Nole 2) 10 pA
h input LOW Leakage (urrent Yy = 0Y, Y; = Max (Nole 2) -100 pA
O-State Ouiput Leakage Your = Yo Yo = Max,
bz . ‘ e (ot 10 pA
; Qurrent NIGIE VIN =Y Der (Note 2)
Yorr=0Y, Y =M
ot 8[1[ Stale l;h::lpul Leakage ouy = 0% Vo = Max, 100 A
rrent L0 Viy = ¥y, or ¥y (Note 2)
Output Short-(Iraull . . .
Ise (urreat Yo = 0.5 Y, Yex; = Max (Note 3) -30 -130 mA
I (Stallc) Supply Current Ouiputs Open, (Iyp = 0 MA), Yy: = Max 125 mA
e (Dynamic) Supply Current Outputs Open, (lyp = 0 mA), Yo = Max, [ = 25 Mllz 140 mA
{ Notes:

R 1. ‘IDese are absolule values with respect lo 1he device ground, and all aversbools due lo sysiem and lesler holse are included.

B 3. ot more than one ouiput sbould be lested al a time, and the duraiton of tbe shori-clreull lest should nol exceed one second.
Vour= 0.5 ¥ bas been chasen lo avold lest problems caused by lesier ground degradaiion,
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capaciiance may be affecled.

Symbol . Parameter Description Test Conditions Typ Unit
Inpwl Gapadiiance Yy =20V Y =50V 5
TA = 25°C ¥
Ouiput Capacilance Your =20V {= 1Ml 4
i Note:

B ivese paramelers arenol 100% lested, bul are evaluated al infital characierizalion and at any thine the design Is inodffied where

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 1

1 1. See “Swiliching Test Clrewll” for lest conditions.
2. Shew i measured it oll oulpuls siwhiching in ihe same direction.
1 5. ‘Ibese paramelers are nol 1004 lesled, bul are calculaled al inliial characierizallon and al any thpe the design Is modifled wbere

Jrequency may be affecled.

4. lep bs a coloulaled value and s 1ol guaranieed. Iy can be found using the following equaltion:

Iep = Vpax (bnternal feedback) - Iy.

Parameter -5

Symbol Parameter Description Min Max Unit

" [ 1nput or Feedhack o Combinatorial (xiiput 5 ns

Seiup Time (rom Inpui or Yeedback 3 ns

Setup Time from SP fo (lock 4 ns

liold ime 0 ns

‘ (lock io Output 4 n$

¥lomwr Skew Between Reglsiered Ouiputs (Note 2) 0.5 ns

Asynchironous Resed [o Registered Ouipul 75 ns

. |- .| Asynchronous Reset Widh is ns

8 Asynchironous Resel Recovery Time 45 s

1. Synclironous Presel Recovery Time 4.5 ns

n Uock Width Lo L3 «

S km HIGU 25 ns
_, External Yeedback 1/(l5 + Lxy) T 1428 Milz
|5 Maximum Frequency (Note3) | Internal reedback (fyy) | /(15 + tz) (Note 4) 150 Mk
. Yo Feedback Wiy + o) - 200 Mit

Iny Input to Output Enable Using Product Term Conlrot 6 ns

[ Input io Dutput Disable Using Froduct Term Control 5.5 ns

] Notes:

PALCE22V10H-5 (Com'l)
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gy

ABSOLUTE MAXIMUM RATINGS

OPERATING RANGES

...............

C X - °C °C - -
Storage Temiperature. . oo v v 65°C 10 +150°C Commercial (C) Devices
Amblent Temperature with , e
Power Applicd . ..ot 55°C o +125%;  Amblent Temperatire (T )
Operating In Tree Alr

0 Ground

X Input Voltage
DC Ouiput or 170 Pin Voltage. .
statle Discharge Voltage

Supply Vidlage with Respect

..... S 05V Ve 10V

Larchup Current (Ty, = 0°C 1o +75°C)

Stresses above those listed under Absolule Maximum Kallngs
may cause permaneni device failure. Iunctionallly al orabove
tbese llmtis Is not tmplled. lixposure 1o Ahsolute Maxtmum
Rallugs for extended perlods may affect device reltabilily,

‘ Programmning condilfons may vary.

Supply Volage (V)

-0. +7.
0.5V 10470V Respect 1o Ground. .

A0SV Ve + 1.0V tionalily of the device s
........ 2001V
100 mA -

with
+4.75

0°C 10 +75°C

Vio+5.25V

Operallng ranges define those limils between which the func-
guaranieed.

DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES

Symbol Parameter Description Test Conditions Min Max Unit
Vo" ()“(plll Hen Vol!age I()“ =-3.2 ﬂ‘ll\, VN = Vl" or v"" V(x; = Min 2.4 A4
V(l Ouiput LOW Vol!age I()L =16 mA, VN = V“l or vlL’ V(‘: = Min 0.4 Y

{inaranieed Input Logical HIGI
\/ input HIGL ¢ 2.
m nput 111Gl Voliage Vollage (or all inputs (Note 1) 0 v
(inaranteed Input Jogleal LOW
Y, laput LOW Voltage 0.8 Y
n w 8 Yoltage for all Inpuls (Note 1)
hn Input H1G1 Leakage (urrent iy = Yoo Yoo = Max (Note 2) 10 pA
h Input LOW Leakage Qusrent Viy = 0V, ¥(y; = Max (Nole 2) -100 HA
Of-State Oulpul Leakage )
o Carrent NG Yo = Yo Yoo = Max, Yy = Yy or ¥y (Note 2) 10 A
Of-State Output Leakage . ,
'ﬂll Qurrent LOW V()LT a0y, Vu; = Max, Vm = ‘IIL or V"l (Note 2) <100 HA
Output Shori-(Ireuit Youy =05 Y, YU = Max . ;
ke Current Ty = 25%C (Note 3) -30 -130 mA
ke, (Statlc) Supply Current Outputs Open, (I = 0 mA), Yy; = Max 115 mA
lee (Uynamic) | Supply Current Outputs Open, (lopp = D mA), Viy: = Max, (= 25 Ml 140 mA
Notes:

1. ‘tbese are absoltite values with respect to the device ground, and all oversbools due 1o system ane lesler notse are included.

2. VO pin leakage Is the wonst case of Iy and Iy (or Iy and leyyp).

3. Not more than one awlpul should be lesied al a hme. Duratlon of the shori-clreull lest should not exceed one second.
Vouge 0.5 ¥ bas been chasen lo avold lest problems caused by lester ground degradailon,
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CAPACITANCE *

Parameter
Symhbol Parameter Description Test Conditions Typ Unit
(m Input Capacitance Yiy=20Y Yo =50Y 5
Ty = 25° pY
(P (Quiput Capacliance Yorp =20V (=1 Mllz 8
Note:

1. Ybese paramelers are niol 100% lested, bul are evalualed al inittal characlertzalion and al any lime the design Is modified where
capacilance may be affecled.

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES '

' seanIq VY

-7
Parameter PDIP pLcc
Symbol Parameter Description Min Max Min Max Unit
lp toput or Peedback to Combinatorial (nitput 3 1.5 3 15 ns
k Setup Tme (rom Input or Feedback 5 4.5 s
™ Setup Time from SP o lock 6 6 s
Iy Uold Time 0 0 ns
o (lock to Ouiput 2 5 2 45 ns
Lo Skew Between Reglstered Ouiputs (Nole 2) 1 1 08
AR Asynchronous Reset Io Registered Ouipu 10 10 ng
lvrw Asynchronous Resed Widdh 7 ns
[ Asynchronous Reset Recovery Time 7 as
o Synchronous Preset Recovery Time 7 7 ns
q LOwW 3.5 3.0 ns
:11, Hock Wdih mGH 3.5 3.0 ns
Exiernal Yeedback (1 + L) 100 11 Mlle
- ::‘D"l';“;‘)m Hrequency '('r‘:ﬁ;' Feedback /(1 + 1) (Note 4) 125 133 Ml
No Feedback V(g + ) 142.8 166 Milz
e Input o Oniput Enable Caing Product Term Control ‘7.5 7.5 n8
log input (o Output Disahle Using Product Term Control B 75 i ' 7.5 ns
Notes:

1. See “Swillching ‘test Circult” for lest conditions.

2, Skewr &s measured with all oulpuls swiiching in the same direction.
3. these parameiers are not 100% lested, but are calculaled at Indital characlerization and al any e the design Is ipodified where
Srequency may be affecled.
4. Iy b a calculaled value and &s nol guaranieed. I can be found using tbe following equalfon:
lep = Upax Cinternal feedback) - Ig.
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JABSOLUTE MAXIMUM RATINGS

# Siorage Temperature. . . ..o on L., -65°C to +150°C

| Amblent Temperature with
B Power Applied . . ... .. ... -55°C 10 +125°C

Supply Voltage with Respect
gloGround .. ... ... A5V +7.0V

DCInput Voliage ... ......... VS5V Vee+1.0V
DC Qutput or 170 Pin Vohage. . .-0.5 Vio Ve + 1.0V
v_ Static Discharge Voltage ........... ... .. 2001V
d Latchup Current (T = 0°C o +75°C). ... .. .. 100 mA

g Siresses above those lisled under Alsolule Maxtmum Ralings
8 may cause perinaneni deuvice faslure. tunclionalily al or above
l ibese lhmils (s nol bmpdied. lixposure lo absolule maximum rai-

OPERATING RANGES

Commercial (C) Devices

Ambicnt Temperature (Ty)

Opcrating In Frec Alr. ... .o oot vu 0°C to +75°C
Supply Vohlage (V) with
Respectto Ground. ... ..ol L L +4.75 V1o 525V

Operating ranges define 1hose limils between which the func-
Honallly of 1he device Is guararleed,

| ings for extended perlods may affect device rellabiliry.
i Programining conditions may vary.

DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES

R 2. VO pin leakage is be worsl case of Ly and Iy Cor Ly and ey ).

2 3. Not more (ban one oulpmi sbould be lested al a lhmie. Duration of tbe shor-circull lest sbould nol exceed one second.
: Vour= 0.5 ¥ bas been chasen 1o avold lest prollems caused by lester ground degradalion.

Parameter
Symbol Parameter Description Test Conditions Min Max Unit
B 1Yo Output HIGH Voltage I = -3.2mA, ¥iy = Yy or ¥y Viy; = Min 2.4 Y
You Output LOW Yoliage oy = 16mA, Yin=Vor V“’ Yx; = Min 0.4 Y
R {Yin Input HIGH Yoliage GGuaranteed Input Logical H1GH Yoliage for all Inpuls (Note 1) 2.0 Y
; (aranteed Input Loglcal LOW
. 1 L( ,
: Y put LOW Voliage Yoltage for all Inputs (Note 1) 0.4 v
m loput 111G11 Leakage (irrent Viy = Yo Yoy = Max (Note 2) 10 pA
h lnpui LOW Leakage (urrent Yiy = 0Y, Y(; = Max (Nole 2) -100 pA
Of-State Outpul Leakage ! .
o urrent TG Your = Yo You = M, Yy = Vi or ¥y (Nole 2) 1o pA
O-State Oulput Leakage Your =0V, Yy = Max
|07.1 (urrent LOW Vl\‘ = V“‘ or Vl“ (NO(& 1) =100 }IA
Output Short-(lreull YouT =05 Y, V(X = Max ) )
Ise Qurvent T, = 25°% (Note 3) 30 -130 mA
ke (Dynamic) | Supply (nrrent Ouipulk Open , (I = 0 mA), Yoo = Max, [ = 25 Mik ' 120 mA
Notes:

1. ‘Ibese are absolule values willh respect lo the device ground, and all oversbools due lo syslem and lester nolse are included.

P
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CAPACITANCE !

1.
Parameter
1t Symbo! Parameter Description Test Conditions Typ Unit
s fnput Capacitance Yiy=20Y Vi =50 5
HE TA = 25°( p¥
. l;mn- Output Capacliance V()l.T =20V {= 1 Mliz ]
t
Note:

1. ‘Ibese paramelers arenol 100% lested, bul are evalualed ai inllal characierzation and al any tine lbe design Is madified where
capacllance may be affecled.

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 1

: Parameter 10
", Symbol Parameter Description Min Max Unlt
b Input or Feedback to Combinatortal (niput : 10 ns
7y sy Seiup Time {rom Inpul or Feedback 6 ns
ks Setup Time {rom $P to Clock 7 ns
' Wy lold Time 0 ns
ko (Inck to Output 6 ns
, 1P Asynchironous Resef (o Registered Output 13 ns
gy Asynchironous Resel Width 8 ns
# g Asynchronous Resel Recovery Time 8 ns
kg Synclironous P'reset Recovery ime 8 ns
" (Iock Width Lo 4 -
e niG 4 ns
Maximum External Yeedback Wt + ) 833 Milz
haax Prequency internal Feedback ((~q) | V{lg + 30 (Note 3) 110 Mz
(Note 2) No reedback Wty + ) 125 Milz
oy Input 1o Qutput Enable Using Product Term Control 10 s
ler Input o Ouiput Disable Using Product Term Control 9 ng
Notes:
‘ ”l’.‘ See “Swilching est Clreull” for lest condlilons,

2. 'Ihese paramelers are nol 100% lesled, bul are calculaied al tntiad characlerization and al aty lhme ibe design & inodifled where
Jrequency imay be affected.

3. lep b5 a calculaled value and s nol guaranieed. Ipy: can be found using ibe following equal lon:

o = Uhgax (inlernal feedback) - tg.
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1 ABSOLUTE MAXIMUM RATINGS

Storage Temperature. . . ... ..., -65°C 1o +150°C

T Ambient Temperature with

VrPower Applied .. ..o -55°C 10 +125°C;

1 supply Voltage with Respect

g Ground . .................... 05 Vi +7.0V
DCInput Voltage .. ..........-05Vio Vie+ 1.0V
DC Quiput or 1/Q Pin
V(")kﬂgc ........... B -().S V1o V(;(: +10V
Statle Discharge Volage ................. 2001 v
Latchup Current (Ty = 0°C 10 +75°¢). ... .. .. 100 mA

Stresies above those Isted under Absolute Maxtinum Rallngs
inay cause prermaneni device fallure. liunctionalily al or above
these Umiis Is not Limplied. lixposure 1o Absolule Maxtmum
Raiings for extended periods may affect device reliability,
Programmning condltions may vary,

OPERATING RANGES

Commercial (C) Devices

Ambient Temperature (Ty)
Operatingin Frec Alr. ... ......... .. 0°C to +75°C

Supply Volage (V) with
Respectto Ground. ... ... .. ... +4.75 V1o +5.25V

Operaling ranges define ihose limlls between which the func-
tonallty of 1be device Is guaranieed.

DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES

' Parameter
Symbol Parameter Description Test Conditions Min Max Unit
Yon Output HIGI Voltage 1y = -3.2 mA, VN = Vl” or V”’ V(I; = Min 24 Y
X Yo Outpui LOW Yoliage gy = 16.ma, Yiy =V 0r V“’ Yx; = Min . 0.4 Y
Guaranteed tnput Logical HIGI
H 2.0
Yir fnput UG Yoliage Yoltage f{or all Inpuls (Note 1) 20 v
' Giuaranteed Input Logical LOW
)
YiL Input LOW Vollage Voltage for all Inputs (Note 1) 0.8 Y
L}
) I Input 111G Leakage (urrent Yiy = Yoo Yoo = Max (Note 2) 10 A
’ b input LOW Lezkage (urrent Viy = 0, Yiy; = Max (Nole 2) -100 pA
Yo = Yo, Yop: = Max
| loz :):r:::: 1:::{;,11“ el vm'T v u)vu'(v ¥ 10 "
,.l : 1y = Vi or Yy (Note 2)
ot O-State Oulput Lakage Your=9y, Ya: = Max' 100 A
. (urrenl LOW Yin =¥y, 0r ¥y 1 (Note 2)
Output Shoni-(ircull Your =05V, Yy =5V . .
. : . -130 A
e Qurrent Ty = 25°C (Note 3) 30 B m
Yiy = 0V, Ouipats Open (legy = Oma),
(Static Supply Qirrent ' ' 55 mA
l('.C ) PR Yeo = Max (Note 4)
Notes:

1. ‘Ihese are absolule values with respect lo the device ground, and all overshools due lo sysiemn and lester notse are included.
2. VO pin leakage ts the worst case of Iy and loz; (or lny and (o).

3. Nol more than one oulfnil sbould be lested al a thme, and ihe duration of the short-circuil lest sbould not exceed one second,
Your= 0.5 ¥ bas been chosen to acold test problems caused by tester ground degradation.

4. 1his parameler is guaranieed worst case under lest condftion. Refer 1o the loe: vs. frequency grapl jor iypical I
characierisiics.
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CAPACITANCE !

Parameter
Symbol Parameter Description Test Conditions ' Typ Unit
. Input Capacitance Yy =20V V=50V 5
T) = 25°C p¥
(ot Ouiput Capacllance v()l.'l' =20V {=1 Ml 8 -
Nota:

1. ‘Ihese paramelers are nol 100% lested, bul are evalualed al inlilal characlerization and al any thne the design Is madlified where
capacilance may he affecled.

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES

Parameter -10
Symbol Parameter Desaription Min Max Unit
Ip Input or Feedhack (o Comblnatorial (niput 10 ns
i Setup Nme {rom inpw, Feedback or SP 1o (Tock 6 ns
I liold Time 0 ns
Lo (lock to Ouiput 6 s
UR Agynchironous Resed 1o Registered Ouipul 13 ns
lyrw Asynchronous Reset Widih 8 ns
ey Asynchronous Resel Recovery Time 8 ns
kg Synclironous Presel Recovery Nime 8 ns
‘ﬂ (lock Width Ww ! "
[ . me ] ns
External Feedback 1/(1g + L) 83 Mile
Bux Maximum Frequency (Nole 2) | Intermnal Peedback ([yy) | 1/(l + Ly) (Note 3) 110 Ml
No Peedhaclc gy + twn) 125 Ml
ey Input o Oulput Enable Using Product Term Control 10 ns
log Inpwt [0 Output Disable Using Product Term Conlrol 9 ns
Notes:

1. See “Swiliching Test Circull” for les! condiilons.

2. 'tbese parawnelers are nol 1004 lesled, bul are calculated al inillal characierization and al any time the design & modified where
Jrequency inay be affecled.

2.3, Iy b a caleulaled value and &s not guaranieed. Iey: can be found using the following equatlon:

e = Ypax (hternal feedback) - Ig. ¢
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[Voltage . ... .. e V5V Ve +05V

g Satic Discharge Vohage ............ .. . .. 2001 v

g Larchup Current (T, = 0°C 1o +75°C) . ... .. 100 mA

Stresves above ibose Iisied tinder Absolute Maxtmum Ralings
nay cavse permanent device failure. tunclionalily al or above
lbese ltmils & not timplied, lixpaostire 1o Albsolule Maximum Ral-
Ings for extended preriods may affect device rellabiliy.

y Programming condilions may vary.

JABSOLUTE MAXIMUM RATINGS

OPERATING RANGES

8 . oc oc* . .
@%orage Temperature, .. ... .. ... ... -65°C to +150°C Commercial (C) Devices
Ambient Temperature with
) . . . Amblent Temperature (Ty)
1 - L 289,
jrover Applicd ... L 55%C 0 +125°C Opcrating in Free Air. ... ... .... .. .. 0°C 1o +75°C
¥ Supply Voltage with Respect .
‘ [ol(;'rgun(d R pee 05 V1o 47.0 v Supply Voltage (V(;(-_;) with '
| e - ’ Respect to Ground (T/Q-15) . . . . . +4.75 V1o +5.25 V
; DG Input Volage . e 0.5 V1o Ve + 05 v Supply Voltage (Ve with
DG Ourput or 1/0 Pin Respect to Ground (11/Q-25) . . . . . .. +§5V 10 +55V

Operaling ranges define ibose lhnlis betiween which ibe S
lHonallly of 1he device s guaranieed,

iDC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES

1. 1bese are absolule values with respecl lo the device
2. VO pin leakage s tbe iorsi case of lyg and leyo, (o

r /”I and If)Z//)'
3. Nol tnare iban one oulput should be lested al a lime, and the
Yoty 0.5 ¥ bas been chosen 1o avold 1est Lroblems caused

Parameter
Symbol Parameter Description Test Conditions Min Max Unit
le Olllﬂll 1IGH Vollage l()“ =-3.2 m.-\, VIN a V]” or V“, V(x; = Min 2.4 Y
Vo Output LOW Voliage lo = 16 mA, Viy = Vyyjor vy Viy; = Min 04 v
! Vi taput G Voltage Guaranteed Input Logical 1IGI Yoltage for all Inputs 20 v
(Note 1)
j - : -
g Input LOW Voltage Giuaranieed Inpui Logical LOW Voliage for all Inputs 08 v
(Note 1)
Iy laput HIGI Leakage (urrent Yix = Yoo Yoo = Max (Note 2) 10 pA
M It LOW Lsakape (nreeo Yin = 0V, Yo = Max (Noin 2) 1N [T4]
OT-Stale Guiput Leakage .
lozn Current G Yout = Yoo Yo = M, Vin = ¥y, or vy (Note 2) | 10 A
Of-State Ouiput Leakage
- omenttow 8 YouT = 0V, Y = Max, Vyy = vy or ¥y, (Note 2) -100 A
Output Shori-(Ircnit Your =05Y, Yy =5V ; )
b Current Ty = 25°C (Note 3) 30 130 mA
N Supply Gurrent Vix = 0V, Ouipats Open I 90 i
. 4 I
4 J “ﬂ.‘l‘ = () m.-\), \’CC = Max Q 55
Notes:

&round, and all overshools due lo system and lesier notse are ncludod.

duraiion of the short-circull lest should not exceed one second,
hy lester ground degradation.
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CAPACITANCE 1

Parameter
Symbol Parameter Description Test Conditions Typ Unit
(;IN Inpul (apacitance Vm =20Y V(x: =50Y 5
. Ty = 25°C p¥
Cort Output Gapacltance Yoy =2.0v [a 1 Mz 8
Note:

1. These paramelers are nol 100% lested, bul are evalualed al initlal characlerization and al any lhne the design s modified where
capacilance may be affected.

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES !

Parameter -5 25
Symbol Parameter Desaiption Min Max Min Max Unit
bp Input or Feedback to Combinatorial (xuput 15 5 ns
I Setup Time from lnpul, Feedhack or SP (o (Tock 10 15 ns
g - 1old Time 0 0 ns
ko Uock to Output 10 15 ns
[P Asyachronous Reset o Registered Output 20 25 ns
. rw Asynclironous Reset Widih 15 25 ns
(17 Asynclironous Resel Recovery Time 10 5 ns
kpr Snclironous Preset Recovery Time 10 25 ns
! g LOwW b 13 ns
:::] ock Wdh Gl ] 13 ns
- :;mm'um requency | External Feedback 141y + ) 50 35.5 Milz
Note 2) laternal Feedback (Gyg) | 1/(g + Ly (Nole 3) | 584 35.7 Mz
Iny laput to Quiput Enable Using Product Term Control 15 25 ns
g loput to Output Disable Uslag Product Term Gontrol 15 25 ns
Notes:

1. See “Swliching ‘Test Clreuir” Jor test condlitons,

2. ‘Ihese paramelers are nol 100% tesled, bul are evaluated al intiial characterization and al any thae
the destgn is modifled where Jrequency may be affected.

3. lop &5 a calcwlated value and Is not Suaranieed. ler can be found using the following equation:
lor = Uy (ternal feedback) - l.
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JABSOLUTE MAXIMUM RATINGS

§horage Temperature. .. ... .., ... -65°C to +150°C
Ambicnt Temperature with
Power Applied . . ................ -55°C 1o +125°C
Supply Volage with Respect
wGround . ............... e m0S VIO 7.0V
DCInput Voltage .. ... ... ..., 05Vio Ve +05V
DC Qutput or 1/0 Pin
Voltage ................... N5VioVee+05V
Static Discharge Volage ................. 2001V
Latchup Current (Ty = -40°C 10 +85°C) .. .. .. 100 mA

Stresses above 1bose listed under Absolute Maximum Ratings
nay cause perimanen! device fatlure. tintctionalily al or above
these ltmits s nol mplied. lixpostre lo Absolule Maximum Rai-
fngs for extended periods may affect device reltabiiuy,
Prograunmming conditions may vary.,

OPERATING RANGES

Industrial (I) Devices

Amblent Temperature (Ty)
Operating in Frec Alr. . ... ...... ... -40°C 1o +85°C
Supply Voltage (V) with
Respectto Ground. ... ... oL L., +45Viwo+55V

Cperaling ranges define those lmlis between which the func-
Honallly of 1he device s guaranieed,

DC CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES

Parameter
Symbol Parameter Description Test Conditions Min Max Unit
Y, Oulput HIGH Voltage log = -3.2m\, Yy =V 0r ¥y Yoy = Min 24 Y
o 8 0l D YINE IOV, Yo
Y, Output LOW Yolta Jop, = 16mA, Yy = ¥y  or Yy Yy = Min 0.4 \4
o ge (L INF Y 1L YOG
(fuaranteed Input Logical 111G1)
Y, LG 2.
n taput G Voliage Voltage (or all lnputs (Note 1) a0 Y
Guaranieed Input Logical LOW
Yi Inpul LOW Voltage Yoltage for all Inputs (Note 1) 08 Y
B
i Input 111611 Leakage (Nirrent Yy = Yo Yo = Max (Nole 2) 10 1A
i 8 1N = Yo Yo }
Input LOW Leakage (irrent Yiy = 0V, Ve = Max (Nole 2) -100 HA
L P 8 N [t
loy (ff-State Output Leakage (xrrent HIGH | Viygp = Vg, Viy: = Max, Yiy = Yy or ¥y (Note 2) 10 1A
( L OUT = Yoo Yo IN =YL, e vy ¥
Of-State Oulput Leakage Ciurrent LOW | Viyrqm 0, Vye = M ax, Yyy = Yy or ¥y (Note 2) -100 A
71 B oL w N el VR !
Y =a0.5Y, Yy =5V
Short. — out = 05 % Yy, 30 130 mA
lee Output Short-(rcuit (urren Ty = 25° (Nole 3) 3 13
1-20725 [ v, = 0V, Ouiputs Open ' 100
. (Static) Supply Gurrent INTTh mA
. PP 110715 | Qo = 0ma), Yy, = Max 10
. Yy = 0¥, Ouiputs Open ;
\ , IN 4 ( A
le: (Dynamic) Supply (urrent oy = 0 mA), Vg = Max, [ = 15 Mile 130 m/
Notes:

1. These are absolule values with respect lo the device ground, and all overshools due 1o system and lesier notse are included.
2. VO pin leakage Is ihe wors! case of Iy and I sz (o Ly and Ly ).

3. Nol mare than one oulpul should be lested al a line, and the duration of the shorictroult test should not exceed one second.
Youy = 0.5 ¥ bas been chasen 1o avold lest problems caused hy lester ground degradation,
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caPACITANCE '

Parameter .
Symbol- Parameter Description Test Conditions Typ Unit
A0 tnput Capacitance Viy=2.0v Vi = 5.0V 5
n; : ) Ty = 25°C p¥
((x“r ()u(pul (.lpacllnnce V()LT =20V {= 1Mz 8
f Note:
) 1. Tbese parameters are not 100% lesled, but are evaluated al intiial characlertzation and at any thne the design s modified wbere
capaciiance may be affected,
SWITCHING CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES !
| Parameter -10 15 -20 -25
|| Symhol Parameter Description Min | Max | Min | Max | Min Max | Min | Max | Unit
Tl laputor l’wdbackky Combinalorial Ouiput 10 15 20 25 ns
_{ N Sefup Nime from tapu, Yeedback or SP* (o (Iock 7 10 12 15 ns
,, W ttold Time 0 0 0 0 ns
)
ko Uock to Ouiput 6 10 12 15 ns
hr Asynchronous Resef ¢o Regidtered Output 13 20 25 25 ns
ivgw Asynchrocous Reset Width [ 15 20 25 ns
|
Hivrn Asyuchroaous Reset Recovery Time 8 10 20 25 ns
L
'R Synchironous Preset Recovery Time 8 10 14 25 ng - .
. LoW 4 10 13 ns 7.
(ock widih o
t G 4 8 10 13 ns o
' - S,
i Maxinum Ixternal Peedhack 1/(ty + [ery) 83.3 50 416 33.3 Ml : 8
ifbux Frequency | lnternal Feedback ( Gove) | 170t + 1) (Note3) | 110 588 45.4 35.7 Mile w.
] (Nole2) N peedback Wty + bhy) 125 433 50 IS Milz
nn toput 1o Ontpnt Enabla Ualng Prodiet Torm Gontrof ] 19 40 43 i
™ Input to Ouiput Disable Uslng Product Term Control 9 15 20 5 ns
Notes:
L1 See “Swliching st Clrewit” for test condittons.
’ 2. ‘these paramelers are nol 100% lesled, but are calculaied ar tnilial claracterization and a1 any timethe destgn &s inodified where
, Jrequency inay ne affected.
V3.l & a calowlated wilue and &s nol guaranteed. ler can be found using ihe Jollowing equation:

Z ler = Upax (Internal foedbacl) - iy.

Y
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ABSOLUTE MAXIMUM RATINGS

Hl xoragce Temiperature. . ... .. ... ... -65°C 10 +150°C

8 Ambicnt Tem perature with
BPower Applied . . ... ... L. -55°C 1o +125°C

Wupply Voltage with Respect
®o Ground ... .... e 05V +7.0V

84DC Input Voltage ............ D5V Ve +05V

DG Output or I/0 Pin
JifVoltage ...l 0.5 Vo Vi + 05V

Satic Discharge Volage ................. 2001 v
' latrchup Current (Ty = -40°C 10 +85°C) . ... .. 100 mA

4 W Siresses above hose Itsted under Absolule Maxtmum Ralfngs

i M way cause permanent device  fallure, lunctionallly al or above
"1 @l bese I its &s not Impdied. lixpasure o Absolule Maximinm Ral-
L B8 ings for extended pertods may affect device rellabillly.

spois @ Programining condllions may differ.

OPERATING RANGES

Industrial (1) Devices
Ambient Temperawre (Ty) .. ... ... .. -40°C to +45°C
Supply Voltage (V) with
RespecttoGround. ... ... oL L +45Vio 455V

Operating ranges define those linlls betiween which the func-
tionallily of the deuvice Is guaranteed.

DC CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES

& Parameter
Symbofi Parameter Description Test Conditions Min Max Unit
You Oulput MG Yoliage Yiv =V or ¥y, o = -6 mA 344 Y
Yox; = Min o1 = -20 pA Vix:-0.1 Y
gy = 16 mA 0.5 \J
. Yiy=Yyory
Yol Oulput LOW Voliage v:: - “‘(‘; i lop = 6 mA 0.53 v
’ ' loL = 20 pA 01 \
i . | Guaranteed tnput Logical 111G11 Yoltage for all Inputs .
o i Input HIG1 Voltage (Noien 1, 2) 2.0 Y
: ' (imaranteed Input Logical LOW Valtage (or all Inputs
1Y, LY
¥ Input LOW Voltage (Notes 1, 2) 0.9 \]
h Input LOW Leakage (virrent Yiy =0 Y, Yiq: = Max (Note 3) -10 © A
un Off-State Outpt Leakage Current 111GH Your = Yo Yo = Max Ypy = Yy  or Vg, (Note 3) 10 pA
3l ot Of-State Output Leakage Current LOW Your = 0Y, Vo = Max Yy = Yy or vy, (Note 3) -10 A
. Output Short-CIreutt (urreat Yo = 0.5 Y, Yg; = Max (Nole 4) ‘ 5 -150 mA
s " Supply Current Outputs Open (1 = 0 mA) {=0Ml 30 HA
' l Yo, = Max (=15 Mz 100 mA

i 38 Notes:

. these are absolule values with respect to device ground, and all overshools due lo system or lesler nokse are ncluded.
e Represenis ibe worst case of 11¢; and 11C1' slandards, allowitng compatthility with eltber.
3. VO pin leakage Is the worst case of Iy, and Ieyyq (or [y and Ieyy ).

@(. Nol more iban one oulpuil sbould be sboried al a lime, and tbe duration of the shori-clrcutl showld not exceed one second.

Your= 0.5 ¥ bas been chosen lo awld lest problems cavsed by tesler ground degradation

1 g .
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| CAPACITANCE '

capacfiance may be affecled.

Parameter
Symbol Parameter Description Test Conditions Typ Unit
(ax Input Capadiance Yiy=20V Yo =50V 5
TA ] 25°C " Dl’
Gt Outpuit (apacltance Your =240V fm 1 Mz 8
MNote:

1. These paramelers arenol 100% lested, bul are evalualed al initial characterization and al any thne the design &5 modifled where

g - -
!’ SWITCHING CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES '
4

Parameter -15
Symbol Parameter Description Min Max Unit
frp input or Peedback o Combinatorial Ouipat 15 ng
B Setup Tme (rom Input, Yeedback or SP to (1ock 10 ns
ky llold Time 0 ns
¢ o (Yock (o Output 10 ns
! LR Asynchironous Resed io Registered Ouiput 20 ns
: Iyrw Asynclironous Reset Widih 15 ns
i e Asynchroaous Reset Recovery Time 10 s
'1 s Synchronous Preset Recovery Time 10 ns "U N
1 LOw 8 ns rz?' :
] ock Widih - )
L G 8 ns ™
3 Ixternal Peedback Wity + 1og) 50 itz &
buax ?;“:l:":)m Vreauency 1 nternal Feedback (lony) 1/(is + tgg) (Note 3) SKA Mile G
No Feedback 17(lyqy + b)) 6.5 Mile
oy input to Output Enable Using Product Term Control 15 ns
e Input to Ouiput Disable Using Product Term Control 15 ns
Notes:

1. See “Swilching Test Clreull” for test condlilons.

2. ‘Ibese paramelers are nol 1009 tesied, bl are evalualed al iniltal characlerizallon and at any thne tbe design ts modified

where frequency may be affecled.

- 3. oy bacalevlaled wlue and & nol guaranieed. ipy: can be found wsing ibe following equatton:

Ier = Yuax finternal feedback) - Is.
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{|##ABSOLUTE MAXIMUM RATINGS

Yol siorage Temperature. .. ...l -65°C 10 +150°C
jAmblcm Temperature with

@ Voltage ............ oAV Ve H 0S5 Y

W13l siresses above 1hose listed wunder Absolute Maximum Katings
) may cavse perinaneni device failure. l'unciionalily al or above
88 hese Iinlls Ls nol tmplied. xposure lo Absolule Maxtmum
88-1atings for extended periods may affect device rellabilily.

4 8 Programming condiifons imay differ.

o

Supply Voltage (V) with
Y Sratle Discharge Volage ................. 2001 v Respectto Ground. . ..o ot vl

latchup Current (T ~ -40°C 1o +85°C) .. .. .. 100 mA Operaling ranges define those lmils betiween wbich the func-
n tonalily of the device is guaraniteed.

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (Tp) .. ... .. v .0 0°C 10 475°C

e power Applied . ...l . 55°C 10 +125°C
il i Supply Voltage with Respect ‘;’;i"i’é(‘:‘(’:[(‘;fgu(xgi(i) with

Ao Ground ..ol 0.5V +7.0V ' AT
HY G Input Voltage .. ... ... ... V5VioVie+05V Industrial (I} Devices

» DG OQurput or 1/0 Pin Ambicnt Temperature (T,)

.........

-40°C 10 +85°C

+475V 1o +525V

+45V 10455V

BRANGES .

DC CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL OPERATING

Parameter
Symbol Parameter Description Test Conditions Min Max Unit
i Viy =V v Ipgt = -G mA 344 Y
45 v Output 1IGI1 Voliage IN = Vh Or ol
i Yiz; = Min 1oy =20 pA Yp-01 Y
lpp, = 16mA 0.5 \
% Yiy = Yppory,
@Y Output LOW Voliage v:;‘ - b:l": L oy, = 6mA 033 v
' Iy = 20 pA 0.1 v
45 1N Guaranleed Inpul Logical 111G11 Yoliage for all Inputs )
¥ H .0
1% i Yin Input LIHGH Vollage (Notes 1, 2) ’ 2 Y
; Guaranteed lnput Logical LOW Yoltage for all Inputs
i : g ¢
i i laput LOW Vollage (Notes 1, 2) 0.9 Y
W Input 11161 Leakage Current Vv = Yo Yo = Max (Note 3) 10 A
s I Input LOW Leakage (urrent Yiy = 0V, Yy = Max (Note 3) -10 pA
lmn OT-State ()ulpul lmkage Current 111G V()LT = V(r'y Vu; = Max, le LY V"l or V"' (Note 5) 10 }.Il\
M| Of-State Output Leakage Current LOW YouT = 0, Y = Max, Ypy = Yy, or ¥}, (Note 3) -10 pA
| ke Owput Short-(Ireuit Qurrent YouT = 0.5V, ¥y = Max (Nole 4) . 5 -150 mA
Outputs Open (1, =0 mA [= DMl 30 mA
ke Supply (urrent wputs Open (o(;y )
! Y = Max (= 15 Mllz 120 mA

i Notes:

2. Represenis tbe wworst case of 116 and 1161 standards, allowing compattbiliy wilh either.
‘t} 3. VO pin leakage Is ibe worsi case of Iy and Igyyy (or iy and Iy ).

¥ou= 0.5 vV bas Ieen cbasen 1o avold lest problems caused Iy lester ground degracation.

. 1bese are absolule values with respect 1o device ground, and all avershools due 1o system or lester nolse are included,

. Nol more lhan one owiput should be shoried at a thne, and the duration of the shori-clreull should nol exceed one second,
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Parameter
Symbol Parameter Description Test Conditions Typ Unit
|y Input Gapacltance Viy = 20V Vo = 5.0 5
- TA = 25°C pl'
2 |touy Owiput Capacilance Your= 2.0V f=1Milz 8
Ml Note:

1. Ihese paramelers are nol 100% lested, bul are evalualed al inilial characlerization and al any time tbe design & modified wbere
cafaicllance mnay be affecled.

| SWITCHING CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL
| OPERATING RANGES !

Parameters 25
y Symbol Parameter Description Min "Max Unit
b Input or Feedback to Combinatorial Output (Note 2) 25 ns
‘ 5 Sedup Time from Input, Peedback or SP to (Jock 15 ns
“: b Hold Tme 0 s
ko tock to Outpt 15 ns
5 ! L Asynchronous Resel to Reglstered Output ’ 25 ns
8 e Asynchironous Reset Widih 25 ns
£ bR Asynchronous Reset Recovery Time 25 ns g
! - Synchronous Preset Recovery Time 25 ns S
i L (ock Widih ik o s 2.
= 3 [ G D) ns 2
: N External Feedback 1/(ts + Legy) 53.3 Ml v
[ Noten 3) equency Internal Feedback ((ur) | 1/l + g) (Note 4) 55.7 ' Mite
E No Feedback Wty + yer) 50 Ml
=1 Input lo Outpul Enable Using Froduct Term Control 25 as
i I Input 1o Quiput Disable Ustng Product Term Coatrol 25 ns
' fl Notes:

1. See “Swllching ‘Test Clrcull” for lest conditions.
2, 1his paraineler is lested n Slandhy Mode. When 1be device Is nol in Standly Mode, the 13y will [ypically e 5 ns fasier,

8t 3. Vbese paramelers are nol 100% lesied, bul are evalualed al inllial characlerization and al any lime
ibe design is modlfied where frequency inay be affected.

4. Icp s a caleulaled valie and s nol guaranieed. i qp can be found using tbe followwing equation:
lizp = Vfaax (rtiernal feedbach) - ig. ’
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Y e IH
Y AN
i
. 5 %

§ SWITCHING WAVEFORMS
Input, 110, or Input, VO, V.
Feedback Vi or Feedback T
«—1tpp—m
§ Combinatorial Vy
Output Clock -
Registered
Output LV
16564-007 16564-008
a. Combinatorial output b. Registered output
. - WH —-
Clock Input \%:
1 tea
— WL — ER
Output Vi
///—LV0L+ OSV\ 5 5
16564-009 ' 16564-010
¢. Clock width d. Input to output disable/enable
Input - t N Input
Asserting ARW Asserting
Asynchronous /v Synchronous T
T
Preset N Preset
‘4-—-1'AR —- 15 -ty I tspR 1
Reglstered
Output Vi Clock Vi
1—'- tco
ARR Vv Registered v
T Output T
Clock pu
16564-011 16564:012
\ 8. Asynchronous reset f. Synchronous preset
il Notes:
W1 Vr=15V.

2, Input pulse amplitude O ¥ 16 3.0 V.
3. Inpul rise and fall thnes 2 ns 1o 5 ns [yplcal.
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KEY TO SWITCHING WAVEFORM

, WAVEFORM INPUTS OUTPUTS
Must be Wil be
1 Steady Steady
H ’
i May Will be
] Change Changing
. fromHio L fromHto L
N May Will be
. Change Changing
g fromLioH fromLtoH’
|
: y‘y‘y‘v y‘y Don't Care, Changing, '
: Any Change Stale
K AN Permitted Unknown
] Does Not Center
i M Apply Line is High-
Impedance
i “Oft" Stale
X 16564E-013
1 SWITCHING TEST CIRCUIT
: 5V
i
4 Ry
3
4 Output o +——@ Test Point
| % 1
‘! RZ CL
‘ = = 16564-014
, Commergial Measured Output
: Specification 54 C Ry Ry Valua
!.' (l‘Dr lco (losed l.s Y
] % — 1L Open 50 pe All except 11-5/7:
lpy 39042 15y
‘ Z -~ 1: (Josed 300 Q2
: " 11 — Z Open 5op 1-577: = Z:Voy - 05 Y
. L~ Z: Closed P 300 ) L—pZ Yy + 05V

i ¥
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!‘ 150 —
i

125 — 22V10H-5

22V{0H-7

" 22V10H-10

100 -
i{; - o
L e (ma) -/ 22V10H-16
B' c« > 22V10H-25
| 22v10Q-10
E; 22v10Q-26
‘|
i 50 {_
1
!
!

25
! i

0 ~p——t——f————————————

] 10 20 30 40 50
Frequency (MHz)
Icc vs. Frequency 16564E-015

J The selected typical” patiern utilized 50% of the device resources. Half of the macrocells were programmed as registered,
and the other half were programmed as combinatorial, Hall of the available product terms were used for each macrocell. On

{ any vector, half of the oulputs were switching.

; By utilizing 50% of the device, a midpoint Is defined for Ipc., From this mkdpoint, a designer may scale the lec graphs up or

« down to estimate the Ioc requirements for a particular design.

-

4.
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* | TYPICAL I CHARACTERISTICS FOR THE PALCE22V10Z-15
Ve = 5.0V, Ty = 25°C

PP~ s+~ == 3

~— 10—+ 100%*

b 50%*
. ,fé 75 +

b

1§

,.

60 —+

i 25%*

i' Icc (mA)

4 45

i

4

! 30

|

i 15 4~

L 0 } | f 5

i 0 15 30 45 60

*Percant of product lerms used. Frequency (MHz) 16564E-016

lcc vs. Frequency Graph for the PALCE22V10Z-15

{ TYPICAL 1cc CHARACTERISTICS FOR THE PALCE22V102-25
‘ Vcc =5.0 V, TA = 25°C

120 +
100%*

50%*

100 +
25%*

80 -
Icc (mA)
60 1
40 -

20 +

SRS FIERY SE N 1 G SUNC S U ORI SRR USUET S-SR RN

0

b i
] Ly
0 5 10 15 20 25 30 35 40 45 50

*Parcent of product terms used. Frequency (MHz) 16564E-017

Icc vs. Frequency Graph for the PALCE22V10Z-25
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" ENDURANCE CHARACTERISTICS

% This technology uscs an EE cell to repl
f{can be crased and reprogrammed—a Feature which allows 100% testing at the factory.

§'The PALCE22V10 is manufactured using Vands' advanced clectrically-crasable (EE) CMOS Process,
‘ acc the fusc link used in bipolar parts. As a result, the device

Symbol Parameter Test Conditions Value Unit
Ing Min Pattern Data Refention Time Max Siorage Temperature 1 Years
i N Max Reprogramming (ycles Normal Programming Gonditons 100 Cycles
!
4l
#INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR SELECTED /4 DEVICES*
| T
'£. L
i |
b 2100 k2 Vee .
b
—
ESD !
Profeaction —{
Input
.
T Veo T Vee vVee
: 1 p—
f 100 kQ -
q Preload Feedback
Gircuitry Input
Device Rev Letter
PALCEZZY1011-15 : Output 16564E-018
PALGEZ2Y1 011201 1
PALGEZZY1011-25
3 | PaucEzav10Q-251 1
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: ﬁ ROBUSTNESS FEATURES

if The PALCE22V10X-X/5 devices have some unique features that make them extremely fobust,

]}, especially when operating in high-speed design environments. Pull-up resistors on Inputs and 1/O
, Pins causc unconnccted pins to default to a known state. input clamping circuitry limits negative
" overshoot, climinating the possiblility of false clocking caused by subscquent ringing. A speclal
. nolsc filtcr makes the programming clreultry completely Insensitive to any positive overshoot that

? has a pulse width of lcss than about 100 ns for the /5 version.

INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR /5 VERSION AND DEVICES

Vec — Vcc

o > 50 k(2 I:
> ’

| | |:1
{
Progiannning

i =+ e e e

‘ PIng only Programming frosiiva

*l‘ ESD Voltage Overshoot Pmcgi::gl‘tm'ng

i Prote%tlon Detectlon Filter y

! an l

a

t Clampl -

i ping Typlcal Input P4

| g

{ Vee Vee §
' o

wn
? > 50 kQ2 e

Protection and
l Clamping

Provides ESD I I KE

Preload Feedback

Clreuitry Input 16564-15

Typlcal Output
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; ;j INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR PALCE22V10Z

j Ve
f
ESD Input Programming L.
Protection Transition | Pinsonly ] Programming Positive
and Detection Voltage Overshoot Proglrammlng
Clamping Detection Filter Clrcuitry
Typical Input
Vec

i

I Provides ESD
Protection and

<3

-y I

Clamping
Preload Feedback Input
i Clreuitry Input Transition
Detection
Typical Output 16564E-020
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|
|

}
i POWER-UP RESET

The power-up resct feature ensures that all flip-flops will be resct to LOW after the device has heen
powcered up. ‘the output state will depend on the programmed pattern. This feature 1s valuable in
simplifying statc machinc inidalizadon. A Uming diagram and parameter table are shown below.
Duc to the synchronous operation of the power-up reset and the wide range of ways Ve can rise
to its steady state, two conditions are required to ensure a valid power-up reset. “Uhese conditions
arc:

*~lhe Vi rise must be monotonic.
i # Pollowing reset, the clock input must not be driven from LOW to HIGH until all apphlcable Input

i

and fcedback:sctup times are met.

Parameter
Symbol Parameter Description Max Unit
s Power-up Resel Time 10UV ns
! Inptl or Peedback Setup Time See Sndtching
ey ock Width LOW (haracteristics
4y Vee
Power V¢ Off
| tpR

Reglstered
Active-Low Z / é
Output 7

Clock N
A\E
‘—tWL“l . 16564E-021

Figure 3. Power-Up Reset Waveform

o
>
~
o

SIDIND
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TYPICAL THERMAL CHARACTERISTICS
PALCE22V10

Mcasured at 25°C ambient. ‘These parameters are not tested.

Parameter | Typ

Symbol Parameter Description SKINNY DIP PLCC Unit
Bic Thermal Impedance, junction to case 20 18 °Cwv
61.1 Thermal impedance, junction to amixent 73 55 °C/wW
200 tfpm atr 60 48 °Crw
400 lpm alr 61 43 °Crw

Bima Thermal Impedance, Junction (o amblent with alr (low s
) 600 lpm alr 55 40 °Crw
K00 lfpm atr 52 37 °Cnw

Plastkc 6 fc Considerations

1be daia listed for plastic Bjc are for reference only and are nol recommended Jor use in calcularing Junction lemperati res, The
beai-flow paths in plastic-encapsulated devices are complex, making the Gfc measurement relaiive o a specific location on the prack-
age surface. lesls indicale h s measurement reference point is direcily below the die-attach area on the bottom center of the package.
turtherinore, gfc lesis on packages are performed bt a consiant-lenprrature batl, kecping the package surface al a conslant lem-
perature. Iherefore, the measurements can only be used in a shnthar environment.

—
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CONNECTION DIAGRAMS
Top View
SKINNYDIP/SOIC

PLCC
1 o o
-5 2888
0
4 3 2 1 28 27 26
3015 . 25 [M] 11Oy
4[] 6 24 [ 1104
s []7 23 [ 1/0g
NG [] 8 22 [T GND/NG *
s []9 21 [] 11O,
Iz (] 10 20 [ /05
s [] 11 - 18 [ VO,
12 13 14 16 16 17 18

JUouoogoodg
2 290 Q0 - ° <

z2 2 - 09
5 =

—

Vo

16564E-003

*For -5, this pin must be grounded for guaranteed data sheet performance. If not grounded, AC timing may degrade

CLlg J1 o >~ 24]vge
Iy ]2 23 [] 1og
—_— 2 []3 22 1 /0g
Ia [ 4 21 [] 110y
lq E 5 20 [] VOg
5 [] 6 198 [] Vo5
lg []7 18 [] /04
l7 (|8 17 [] VO3
g [] 9 16 [] V0,
g [] 10 15 [] 104
lo [] 11 14 [] 10g
GND [] 12 13 [ 144
16564E-002
by about 10%.
Note:

Pin 1 Is marked for orientation.

PIN DESIGNATIONS

" CLK = Clock
GND = Ground
| = |nput
/O = Input/Output
NC = NoGonnect
Vcc = Supply Voltage
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5

ORDERING INFORMATION

Commercial and Industrial Products

Vantis programmable logie products for commerclal and Industrial

upplications wre avul

order number (Valid Combination) Is formed by « combinution of;

PAL CE 22 V 1

—o
ey
[

lible with severul siecderlng options.: the

B r T ’T T "T
FAMILY -TYPE
PAL = Programmable Array Logic
TECHNOLOGY PROGRAMMING. DESIGNATOR
CE = CMOS Blectrically Erasuble kak - :nlﬂﬂ:*\/\l?u;rhlw»
t = [First Revigion

NUMBER OF /5 = SceonthRevision
ARRAY iNPUTS (Same Algorithin as /4)
OUTPUT TYPE OPERATING CONDITIONS
v - Versatile ¢ = Conunercial 0°C toy +75%C)

1 = Industrial,(-40°C (¢) +85°C)
NUMBER OF OUTPUTS PACKAGE TYPE
POWER P = 24-in 300 mi! Plagtic
Q = Quarter Power (90-140 mA Iee) filleN\’l)H’ A2 .
I = Half Power (90-140 A 1go) J = 28-Pin Plasiicleaded Chip

Z = Zero Power (15 PA L stundby)

Carrler (PL-O2H)

5 = 24-Pin Plastic Gull-Wing
Stnall Oudine Puchage
(50 029

SPEED

-5 - 5ns lp])
Valld Combinations 7 - 7.5 03 tpyy
PALGE22Y1011-5 J -10 = 10 ns tpy)
PALCE22V1011-7 G G 15 = 15nsyp,
- /5 =20 = 20 ny tpyy
PALCEZZVION-10 | ¥, )¢ S, 1, )1 .25 = 25 ns )
PALCEZ2Y100-10 PG, '
PALGEZ2V011-15 B, )G P I, S 4
x.,‘u;b-zzw(x)_ls P(;, J(; /5 Valid Comblnatlons
PALCEZZYION-20 71 i Valid (,oml.)ln:ukms list cm:nﬁgu;uliuns‘ planned 0 be
: supparted in volume for this device, Cansult the Jacul
PALGEZ2YT011-25 PG, JG 86, Bl P Vantls sales office ta confiem availabitly of specific valid
- PALGE22Y100-25 PG G combinadons und o check on '_ncwly retensed
. combinutions. )
PALCE2ZY10Z-1§ Pt
PALCEZIVIOL2S | PG, JC, SC, P, I, SI
L]
i
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