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ABSTRACT

This thesis presents the point to point digital data transmission by 16 QAM (Quadrature
Amplitude Modulation) method. By used the 1.024 MHz carrier frequency 1.024 MHz to modulate
digital data to be the analog signal. At the transmitter , .256 kbps digital data input is converted to the
analog signal. Then , the transmitter will send this analog signal through the receiver by transmission
line. Finally , the receiver will demodulate the analog signal to be the same digital data from the

transmitter.
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1 4 o o 4 Y v oo a } Y d"
Auunu T enhidygiuwine In lnigauddudyaiusunnldsad
Acos@ AcosRw,t +0)
+
2 2
o P ¥ = v Ao 1 Y o J Y o
yanud ldvnmsaveganluiuiesnssnnuddiunas dasuns 2 esld I

Acos(w t+8)cosw t =

YUIA

Acos O Fuilunenilagandudt luAueganmaeduunu 1

ar

¥
msAvegEannIduunu Q snhdyanuwine lnigaudifudyanuduyn 1dnda
~Asing  AsinQa.t +0)
+
2 2

Acos(w t +0)sinw t =
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3.2 230smndadunia 16 QAM

npaumIn (2.2.1), (222), (223 ) Whnmsesauvuauazusuilgavesdygiu

] 1 4
winzildninmsuegan lddinsae il

a(mV) | bmV) | O | Amplitude(mV) | Digital data
150 150 45 212.13 0000
150 50 18.43 158.11 0100
150 -50 | 341.57 158.11 1100
150 -150 315 212.13 1000
50 150 | 71.57 158.11 0001
50 50 45 70.71 0101
50 -50 315 70.71 1101
50 -150 | 288.43 158.11 1001
-50 150 | 108.43 158.11 0011
-50 50 135 70.71 0111
-50 -50 225 70.71 111
-50 -150 | 251.57 158.11 1011
-150 150 135 212.13 0010
-150 50 | 161.57 158.11 0110
-150 50 | 251.57 158.11 1110
-150 -150 255 212.13 1010

M99 3.1 manuaan ez nlayavosdyanumneg
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3.2.1 295UENTUAIUATADA ( serie to parallel )
wmhiudsdyanaduynesndlu 2 qa yeaz 2 in Tauldavauwasy lumsuen

Tyanunndygueyasufludygauu 4 dn  warlfiuaidivastiimsmizainald

o

a o o s °
go 4 dnseanidluimazndonq M medmeniynvesissesimsilasdyanatuus

LY.

. 14 (Y o A LY a [y Y]
binary ) I¥ilusvainsd (gray code) (HOARDATINSHANAIAYBITBYaNIMUMAT U YY1 Tal
y

d a

11dndngFnessian ( Exclusive OR Gate )

Tuuns sHannsd
00 00
01 01
10 11
11 10

A1319% 3.2 msudasswasinluus lWidusiansd

D Qn+ 1
0
1 1

A1519% 3.3 MIMauvesrnalvasll
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teniynues D Hivaeda 3

1®1YMYea D WilrlaeUdaii 4

o []

517 3.4 dredmsuondoyantaoavearesundyan

9

3.2.2 239501/ 2 Tin'l1hilu 4 53&1 (2 bit to 4 level converter )

o

° [~ 1Y 4 ° {
Tumsianuveaiienian (NOT Gate ) fuueusinn ( AND Gate ) inthiiuasdayanm 2
inlf 1A 4 1iyn Tav 4 wniwndalfeesiuoud ( Op-amp ) evmihiudasdyanaiiu
4 szAvpnN
Ansanengy 3.5 ndnmsiau Hdugnidusda 0o st lfieniymuinuounandauy
J 5 ] 1 @ [N < 's LR 4
qaviniuifisuiiu 1 dyanaezgadeiuanudiunu 3.3 Alalevy udrdeiuestusuilie
] LY [ [ LY 4 [y J I4 P
wasuTavinsvesdygrauazdsiu ludinnudumudiua ldwetsua Tanine 14 1 da
9 o 4 8 s a o I'd
Apams dynauemnneiniaesez ldTaadiae 150 fiadlaadn

o

Y a g @ o q 9 o o o a '
ﬂ1ﬂu1‘!ﬂlﬂu5ﬂﬂ 01 ﬂzﬂ]iﬂlﬂ’]ﬂﬂﬂﬂ‘]ﬂllaulﬂﬂﬂ']ﬂ 2 Hﬂ']l‘ld_lu I s QnNIUuAINY

dunu 10 AlaTern udrdaldreeruend Mwmdnmsiudvadudiedu eniynoneeseeld
Taaviae 50 fad Toan

a o ° $Y [ o J o’: Ha as v
drduymiusia 11 i fieniymunuemand i 3 minfuntiauiiu 1 dygnansgadariuai

arunmu 10 flalevu udrdalidwetuent Tavoetuouddaf 1 vanthiindouTran
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[ o A ° Y 4 o ; 14 as Hy ¥ 1 9 [
weveadayann eodueudldai 2 mdhihnduinvealiaiae dayanaitldezgadudi ldnny

u

Frumudsuanldmedsua Tavias Wimungeay v1iynvesesez 18 1aaviae —s0 fiad Taar

y a as ° 14 4 & 1 [} &' da
_ fouymdiusia 10 sxihlfieniymoauewnmiangamniundaudiu 1
o (] a J o ° [] o
dygaezgnasiuanudiunu 3.3 Alalevy lmdnmshausuoadudhedu mmiymens

592 14 Taavime —150 Tadloan

dunm e 1iyn ({iadlaan)
00 150
01 50
11 -50
10 -150

A13199 3.4 nsurfa 2 in 'l 4 sedy

3.2.3 299sadaduanuwIne 1.024 Wansasy

oo

2k 1k l— 74L890
VY T AV J_ MS1 Qo Output

= MS Q1
10 nF 2 a2
MR Q3

= MS2

. ™S I' d cLko

| — CLK1

~ 300 uF
4.096 MHz

1
|D|

31 3.6 295 A adRygnunIne 1.024 wnnzidim

1 4 ’ * ] Rl
TuTassamuiis ddygraniugy lnindnnud 1.024 wanzdin e ldiiudyaunme

uazh llguiudyaunatsszdvinesnaudueqianes
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sl

E 4 )
2995 ludufizidvsnnesadamnes TavldnSadnooadammesnilaug 4.096 wn

nz18im sauiyledfinueaEndounesines ( Hex Inverter ) oy 741504 oduiialildnna
4,096 uANZIBINADY 1RIMeNHINATNIAINRAAAY 4 11 TAEI9sMISA L RaRas 4 i
fiden1¥lodfinueadinainvines ( decade counter ) oY 74LS90 MISANNE 4.096 WANEIMAL
i unnd 1.024 wnnziEdm
dygrodildiduiiugifmiomey Seliounsahldudyaomme1d me Toyaol
.

[] ] [ 4 ]
wWamdoiniuszdszaoulfens Tullafinnng himmeaulumsithlvogan  dniugald

s $

' oS A o - o a A & o A s 1w
TNTOITNANUANDNINITNINAUDINNNDELS LUlaN 1 ‘]Nlﬁu’ﬁiyﬂ!]ﬂlﬂaugllll‘]funllﬂ'nllﬂl'n‘lﬂu

o a4 4 A o ' & v 4 4 4 o
AYYIUTUAVUNTBBINA1IN N ﬁ‘]umsﬂsaumﬂau;ﬂ"lmuaaﬂinfmaugﬂ'dmauuuum

E 4
o o

Aniusee Iddyanammzanud 1.024 wanzdim dnsesiuaasluglil 3.6

Y o < a ad
3.24 2vsadndyanulwden 512 Aladsm
L d [ v ]

doygnaIndenlulasenuil fe Fyanundugllnifitanud si2 Aladm Taoldinen
MIMITANUDAAY 2 IMYBITYIYUWIMEAIND 1.024 ANETN TAB19IMITANRRADS 2 Y1
¥ 0
1 denldledifiueafinaniinesiues 74L590 m1Au@ 1.024 wnnzidin aswiiiu 512 #la
ad
(@in

as Ay vd o a 4 ' 2 g vy ' oA as

dyanuildnduiiuplamioneg  Ssdeldesnseasndimeesnsouerdyann
aaugd leisensindyanuniugldmaon

¥ ]
- o

o o { o o ar [ @ { {
Aniues Iddygnailinnd s12 Aladsndudyanainion fanesnuaalugli 3.7

74LSS0 512 Aladin
MS1 Qo
= MS2 Q1
Q2
MR1 Q3
MS2
ad
1.024 LUNNZIETN
= - CLKO
——Q CLK1

319 3.7 2esededyanainden 512 Aladsn



[

L

R TRR M el ol oo

18

o a a ad
3.2.5 aesadaduananniind 256 iladsn

[ 4
[} d a a 1 - ar a a a
WuTnsaadideamsdadeyaniuda 256 ATadindoturi Salddygrauiin 256 Alads
) ' o 1 ad
n Tavldnniamsmsainutianas 4 hvesdygiawimeanud 1.024 wanzEin Tagaesms
{ v o ¢/ & : a
ANudanas 4 winiu @enldledNfueafinamvinesiues 74LS90 M1sANND 1.024 WwANIFIN
aafundud 256 Aladsn
A' 9y o a Aot o 93/ “Q o o o a ad
oz ladyananniminfianuaudauazgndes sTahdyanannud 256 flaidin
] a a o 4
A lodffueaendsiinins nnosdunosiaes ( Hex Schmitt-Trigger Inverter ) (W05 74LS14

Qs ci v o o d' o }
dygai IGelidnyaziiunuifansuuazgndes

»
LY

auiuse Iddyananniin 256 Aladin dnsesfuaasluglii 3.8

741890
MS1 Q0 — 256 filaldsm
= MS2 Q1
Q2 ~
MR1 Q3 74L.S14
MsS2
ad
1.024 LUANTLITIN
d CLKO
—C CLK1

517 3.8 2ansad ndygruuin 256 Alaigsy

3.2.6 2395NFDIFNAIIYDNIU ( band pass filter )

M¥msiauveanesmadwilames ( passive fiter ) 1difoasuvudes
o ’ o -1 ° $ o { 4 as
( bandwidth ) veadygnuwimziazdyalnion Tavimsudoudygnadmaoniudyaia

anni

317 3.9 nwaaesmiadniames



L Y RV SR

19

n q; q, ks ks ke ko
2 0.5755 2.148 0.9000
3 0.337 2.203 1.748 0.648
4 0.233 2.240 2.530 1.175 0644
5 0.234 0.275 1.910 0.750  0.650 1.987
6 0.394 0.187 2.000 0.811 0.601 1.253 3.038
7 0.415 0.242 3.325 1.660 1.293 0.695 0.674 2.203
8 0.139 0.242 4.284 2.079 1.484 1.246 0.678 0.697 2.286
a3 N'ﬁ 3.5 Besssel Capacitive Coupled Resonators
aumsmsoonuuy 11ngUi 3.8 18mamatsais.s fafi q,= 0.5755,q,= 2.148,
k,= 0.9
__J
O, = B, (3.2.6.1)
Ql = pr xq,
0,=0,,%xq, (3.2.62)
K, = ut: (3.2.63)
Qp
R, =w,LQ,
R, =w,L0, (3.2.64)
1
node = oL
C =Ky XCroe
C =C,=C,,-C, (3.26.5)
3.2.6.1 ”m]sﬂmﬂmmm?ﬁmﬁtgfmmmm 1.024 wnndsn
Amua f, =1.024 MHz
BW,, =200 kHz
vinaumsii 3.2.6.1
pr _ 1.024 MHz _512
200kHz
NS 3.2.6.2
0, =5.12x0.5755 = 2.94656
0, =5.12x2.148 =10.99776
040396
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DInaums 3.2.6.3 K, = 5—()Tg-2— =0.17578

VNS 3.2.6.4
fiMuaa1 L= 100 LLH
R, =2I1x1.024x10°x100x107° x 2.94656 =1.89.584kQ
R, =2I1x1.024x10°x100x107 x10.99776 = 707.59kQ

‘i]'lﬂi'{nﬂ‘li°7;3.2.6.5
C =\ 1
" (2I1%1.024x10%)% x100x 107
C, =0.17578x 2.41568x 107" = 42.46 pF
C, =C, =241.56 - 42.46 =199.10 pF

=241.568 pF

1.89 k 42 pF
A\ —¢
198 pF
1 g
@ 198 pF 1~ 100 uH T~ 100 uH § 7k

719 3.10 293NIBITNAMDFRYRNUNIMEZANID 1.024 WNAZIETN

3.2.6.2 2393n30arNANUd T Inden 512 AlaiEiv

dygnaindondodygriufidinnniadeludinasuielninsuldlunisg

o o a o A g ] o o o [
YUY IUWIMS LAz YUY IMUINNINALAUNN Tﬂi\]\ﬂﬂﬂﬂ‘]"ﬂﬂﬂ']ﬂ'nllﬂilﬂ‘lﬁﬂlumu']mvlwaﬂﬂvl')ﬂ
f

512 filaigsm
fvua f, = 512 kHz
BW,,, =40 kHz

inﬂﬁl]ﬂ‘li'ﬁ 3.2.6.1
512kHz
O = okt
VINAUMIT 3.2.6.2
0, =12.8x0.5755 = 7.3664
0, =12.8x2.148 = 27.494

INAUNISN 3.2.6.3

=12.8
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K, =22 = 00703
12.8

Ui 3.2.6.4
fiimuam L =564H
R, =2ITx512x10° x 56x 107 x 7.3664 = 1.33kQ
R, =20Ix512x10° x 56 x 107 x 27.4944 = 4.95kQ
Inaumsi 3.2.6.5

Cnode = 13 2 -6
(2ITx512x10°)* x56x10

C,, =0.0703x1.725x107° = 0.1213nF
C, =C,=1725-0.1213 = 1.6nF

=1.725nF

133k 121 pF
AVAVAY, {€

1.6 nF
@ 1.60F = ESGuF ~ 56 uF ; 5k

AY

o t - o o a o ad
2‘1]1’] 3.11 2999 NTDIFNANUD ﬂJﬂJ'lm'lWﬁﬂ‘Vlﬂ’J'liJﬂ 512 Alatdsn

3.2.7 2995 hauma 90 9

1¥msmauvesesnsessdyaariiumun (Al pass filter )
NNAUNTS
0 = -2tan" (27RC)
W915000
6 = 90°
A dyanunnzie 1.024 mnzdEim
C =10/f = 10/1.024 MHz = 9.76 lulasvhin
i1 ¢ Ussna 10 Alavhia
'%‘lfm’llﬂﬁ (3.5)
R = tan(-0)/27eC

1l

tan (90° )/ (270 * 1.024 *10°* 10 * 10™?)

15.54 Alaleviy

Tunesinsan1fld r = 20 Alaloviy
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10k 10k
Y AV
20k
in Vout
=
10 nF

31 3.12 2esi@oume 90 oan

3.2.8 Ni]snm_uam‘fmmm ( balance modulator )

o a 4 o
Tmsianuvesledives MC1496 wiewes MC1596 Ald mMsuogEannINNITLIAILS
o a 4 1 '
veguawmes umsuegandygnauunienfyaueaines ( amplitude modulator ) UAYZAAA
o 4 . o d a L] o
frtyiymwmxm"b ( supressed carrier ) frfgfgmmmuwmn"lw 1496 ﬂzgﬂmmu"lﬂuwaﬂuauﬂ

evnovuadygunoud llfnesswdyenu

3.2.9 2993 5UFWAIY ( summing amplifier )

vmihifisdya 3 dygefe dygrafidumsueganvowny I funy Q uas

g Inden Tavldmsvinuvesestluent] estlusuilezimihiisaudyanauasimifives

- 4
WYIUONAY

N

Inphase 1k

Quadrature phase

Pil
1ot tone /\/\l/\l /

e

16 QAM

2

e

100 k
sk 3

JUN 3.14 2955wy
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3.3.4 20930 d IR ( clock recovery )
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R,C
14%2 12
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R2
R + R, =——=2x(620
1 F R =0 (620)
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1 nF
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Ch1 Freq
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amplitude

Ch2 Freq
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Low signal
amplitude
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Tek SR 10MS/s 123 Acgs
; S 31
Ch1 Freq
31.99kHz
Low signal
amplitude
3 . . . . -4 . . . . Cthreq
Lo o 0] 32.04KkH2
X : : : : T : : : Low signal
f"? . m amplitude
T N IFUPSRUROR IPSPSPUPS AT PSP NIUPIPIPIE ATSR AR ATUTIT SR LI FUT O i
Thi T TRV UM TSV UM USEs ORT 7RV
Ref1 SV SHs 24 Mar 1999
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Py 2 (1nn 4)

eniymanavalvasdl
uAu T1 (1 3)

eMiynnandlvass
upu Q2 (Inh 2)

mynnanalvassl

upy Q1 (umh 1)

' LY
®MmMynonmMsulasswailu

nsdIfaunu 12 (i 4)

o Y]
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insdldaunu I1 (inn 3)

' I'd
a1 Tranmaninmsutas

2 in'lihilu 4 528y
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Jd @
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n3d1AauAY Q2 (nh 2)

4 o g
BmMHnIInmsulassvmiy
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Ql Q2 11 12 Ql Q2 11 12

1 1
0 1
0 0
1 0
1 1
1 0

-50 mV -150 mV

+50 mV +150 mV
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Tek HTYH 10MS/s 175 Acqgs
:* L3 : T {.: 1
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1A: 31.95kH2
@: 65.36kHz

Ch1 Freq
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Low signal
amplitude

Ch2 Freq
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No ref

crossing
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Tek HTIH 10MS/s 1954 Acqs
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340mv
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Tek HXJE 10MS/s 17 Acgs ‘
L [} T

1 : S 2R . : A 31.75kHz2
i : ] - : - . @ 89.20kHZ
Ch1 Freq
128.4kH2

Low signal
amplitude

Cht Pk-Pk
360mv
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340mv

117 4.10 vamsnaaoanneesur/as 2 inldidhe 4 szdy dieviimsflouduyn 1.6 Taarl
819837 1 sWaunsddaf 2 (12) voaunudume
(Buynveanesutlas 2 inllilu 4 szdn)
Y a a oo o a
919899 2 sHAINTIAIMN 1 (11 ) vesunuduiwe
(Buynuenvsutas 2 inlihihu 4 szén)

{ o P o o
uruuuahn 1 ewiynildnnsesudas 2 In'luidh 4 seduvesununiemmes e



e o

Lol B

514 4.1 wamsnaasannesutas 2 inluidlu 4 sz dievimstlouduwn 1.6 Toav

Tek EIE 10MS/s 347 Acgs
H [ 1 I

"Ja: 31.75kHz
@: 46.08kHz

Ch1 Freq
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Ch2 Pk-Pk
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Tek EIGTER 100MS/s 309 Acqs
I |
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TRy TN 257, 1kHz
|l : : + - . . j@: 1.031MH2
Ch1 Freq
511.1kHz

Low signal
amplitude

Ch1 Pk—-Pk
4.2V

Ch2 Freq
255.9kHz2
Low signal
amplitude

Ch2 Pk—-Pk
6V
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Ch1 Freq
515.5kHz
Low signal
amplitude

Ch1 Pk-Pk
] 4.32V

Ch2 Freq
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MOTOROLA
SEMICDNDUCTOR TECHNICAL DATA

i
|
Phase Locked Loop

The MC14046B phase locked loop contains two phase comparators, a
voltagé—oontrolled oscillator (VCO), source follower, and zener diode. The
comparators have two common signal inputs, PCAjn and PCBjp. Input PCA;j,
can bé Used directly coupled to large voltage signals, or indirectly coupled
(with & series capacitor) to small voltage signais. The self-bias circuit
adjusts small voltage signals in the linear region of the amplifier. Phase
comparator 1 (an exclusive OR gate) provides a digital error signal PC1gyt,
and maintains 90° phase shift at the center frequency between PCAjn and
PCBjy signals (both at 50% duty cycle). Phase comparator 2 (with leading
edge {sensing logic) provides digital error signals, PC2q,t and LD, and
maintains a 0° phase shift between PCA; and PCB;p, signals (duty cycle is
immaterial). The linear VCO produces an output signal VCOgyt whose
frequéncy is detenmined by the voltage of input VCOjpn and the capacitor and
resustors connected to pins C1p, C1g, R1, and R2. The source—follower
output SFoyt with an external resistor is used where the VCOjp, signal is
needed but no loading can be tolerated. The inhibit input inh, when high,
dlsables the VCO and source follower to minimize standby power
consumpuon The zener diode can be used to assist in power supply
regulation.

Adplications include FM and FSK modulation and demodulation, fre-
querScy synthesis and multiplication, frequency discrimination, tone decod-
ing,,data synchronization and conditioning, voltage—to—frequency
conversion and motor speed controi.

guﬂ‘ered Outputs Compatible with MHTL and Low—Power TTL

Diode Protection on All Inputs

Supply Voltage Range =3.0to 18 V

» Pin—for—Pin Replacement for CD40468

. Eh'ase Comparator 1 is an Exclusive Or Gate and is Duty Cycle Limited

hase Comparator 2 switches on Rising Edges and is not Duty Cycle
! imited
i
I
i

BLOCK DIAGRAM
1
ey
{  PCAnto- cipcur comparaToR 1 {7702 PClow
{ | PHASE 013 PC2y
PCBin 30+ COMPARATOR2 H-o1 LD
I -1—04 v
VCOip 90 : VOLTAGE Y n?o
CONTROLLED +°12 Rt
Vpp=PIN 16 ’ OSCILLATOR :L*;G &
Vg =PINB : (vCO) 7 Cif
¥
SOURGE FOLLOWER |40 10 SFoy
INH so-l————-JI - 1
. Vs o }o15 ZENER
T < ou— ]
]
i
f
10797

MC14046B .

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

DW SUFFIX
SOIC
CASE 751G

ORDERING INFORMATION

MC14XXXBGCP Plastic
MC14XXXBCL Ceramic
MC14XXXBDW SOIC

Ta =—55°to 125°C for all packages.

PIN ASSIGNMENT
D] 1e 16 I Vpp
PClgut ] 2 15 [] 2ENER
PCBp [} 3 14 [1 PCAy
VCOqy [f 4 13 [ PC2out
INH [ 5 12‘5 R2
cialls 11 IR
cigfl7 10 [] SFout
vgs 1 8 9 1] VCO;q

@ Moatorola, Inc. 1997
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]
ELECTRICAL CHARACTERISTICS* (Ci_= 50 pF, Tp = 256°C)

! Voo Minimum Maximum
i Characteristic Symboi Vde Device Typical | .Device -| Units;
Output Rise Time tTLH s ns
t1tH = (3.0 ns/pF) C|_+ 30 ns 5.0 —_ 180 3507, 2.
trLH = (1.5 n&/pF) C_+ 15 ns 10 - 80 150 13
tnH=(1.1ne/pF) CL+10ns 15 — 65 110
Output Fall Time HHL ns
L=(1.5ns/pF) CL+25 ns 5.0 — 100 178 . S
tTHL = (0.75 ns/pF) C_+ 125 s 10 — 50 75 R
tTHL = (0.55 ns/pF) C + 9.5 ns 15 — 37 55
PHASE COMPARATORS 1 and 2 N |
Input Resistance — PCAjp Rin 5.0 1.0 20 — M-
t 10 0.2 0.4 - e
y 15 | ol 0.2 —
¥ —PCByp, Rin 15 150 1500 — MQ
E ¥
Minimum Input Sensitivity Vin 5.0 — 200 300 {mVpp
AC Coupled — PCAjn 10 — 400 600 .
C series = 1000 pF, f = 50 kHz 15 — 700 1050 )
bC Soupled — PCAy, PCBin - 5t015 See Noise Immunity
VOLTAGE CONTROLLED OSCILLATOR (VCO) i
Maximum Frequency fmax 5.0 0.5 07 — MHz
(VCOin =Vpp, C1 =50 pF 10 1.0 1.4 —
R1=5.0kQ and A2 = =) 15 1.4 1.9 -
Temperature — Frequency Stability — 5.0 — 0.12 — %I°C
(R2=o) 10 - 0.04 —
; 15 - 0.015 -
Lingarity (R2 = o ) — %
 (VCOjn =25 V0.3V, R1 > 10kQ) \ 5.0 - 1.0 -
(VCOjn =5.0 V£ 2.5V, R1 > 400 kQ) 10 — 1.0 —
(VCOjn =7.5V £5.0V, R1 21000 kQ) ~15 — 1.0 —
Output Duty Cycle — 51015 [ ——— 80 | — %
|n;l}u1 Resistance — VCOjp, Rin 15 150 1500 — MQ

SOURCE-FOLLOWER -

Offset Voltage - 5.0 - 1.65 22 V-]
(VCOjp, minus SFoyt, RSF > 500 kQ) 10 —_ 1.65 22 _—
15 - 1.65 22
pearty = %
(VCOijn =25 V1 0.3V, Rgf > 50 kQ) 5.0 — 0.1 — N
(VCOjn = 5.0 V£ 25V, RgF > 50 kQ) 10 —_ 0.6 -
[ (VCOin=7.5V 50V, Rgr > 50 k) 15 — 08 —

ZENER DIODE !
Zener Voltage (I = 50 pA) vz — 6.7 7.0 7.3 V-
Dynamic Resistance (I = 1.0 mA) Rz — - 100 — Q]

. 1"he formula glven is for the typical characieristics only: e *«i
I - .o
]
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} g I —A ~ P - e ——— --......_..,_.‘,._—..-..1
; - 'PHASE COMPARATOR 1
} Input Stage
} PCAin PCBin e
. PClout 0 1
. PHASE COMPARATOR 2
! Input Stage
:
]
(%) (00)
i
' PCA;, PCBiy (10) (o) () . @
| O ®
i
f PC 0 3-State ]
Zout Output Disconnected
LD
(Lock Detect) 0 1 0
; Refer to Waveforms in Figure 3.
Figure 1. Phase Comparators State Diagrams
3
Using Phase Comparator 2

! Characteristic

Using Phase Comparator 1

No hiénal on input PCAjq.
3

VCO in PLL system adjusts to center
frequency (fo).

VCO in PLL system adjusts to minimum
frequency (fmin)-

Phase angle between PCAj, and PCBjn.

!

90° at center frequency (fg), approaching 0°
and 180° at ends of lock range (2f)

Always 0 in lock (posttive rising edges). |

Locks on harmonics of center frequency.

Yes

No

Signal input noise rejection.

High

Low

The frequency range of the input signal on which the loop will stay locked if it was

Lo'ck frequency range (2f).
] initially in lock; 2f|_ = full VCO frequency range = fmax — fmin-
Céplure frequency range (2fc). The frequency range of the input signal on which the loop will lock it it was initially i
, out of lock.
1
Depends on low—pass filter characteristics fc=1fL
(see Figure 3). fc = fi_
Center trequency (fg). The frequency of VCOgyt, when VCOin = 122 Vpp T
VCO output frequency (f). 1 .
fmin = ——— (Vco input = Vss)
; Ro(C1 + 32 pF)
Note: These equations are intended 1o be '
h design guide. Since calculated component fmax = YT +fmin  (Vcoinput=Vpp)
values may be in error by as much as a 1(C1 +32pF)
factor of 4, laboratory experimentation may Where: 1 ’
be required for fixed designs. Partto part ere: 10K < Ry < 1M
L . 10KsR2s1M
frequency variation with identtical passive 100pF s Cq = .01 pF - .
components is typically less than 1 20%.
, Figure 2. Design Information
T L P €1 L VLY Vo

MC14046B
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PCAin
© FREQUENCY I

¥
4
]
3
¥
'
1
A

4

(@ R3
} INPUT o—d\/V\rI—o QUTPUT

w

"SOURCE

PCBip

FOLLOWER
VCOin
14
pase [20mig | PEMRC | ] 9 veo o VCOy
COMPARATOR [ pC1o4 FILTER Ho12 6 7 @ FREQUENGY NI =1
OR Cla [Clg
PC20ut R1 Q R2
—_—— cl
i_EXTERNAL-i = =
+N -
| COUNTER f‘
Typical Low—Pass Fllters
@ A3 Typically:
a _ 6N . N
2 T T ReCe =T TRaT
1 /2L R4
T %=1 /mes (Ra + 3,0000) Cp = 10MAl _ qy Gy
:ECZ fmax2

i

Af=fmax - fmin

NOTé: Sometimes R3 is split into two series resistors each R3 + 2. A capacitor Cg is then placed from the midpoint to ground. The value for
Cc should be such that the comer frequency of this network does not significantly affect wy. In Figure B, the ratio of R3 to R4 sets the

damping, R4 = (0.1)(R3) for optimum results.
"
EH
Deﬁn"nions: N = Total division ratio in feedback loop
i K¢ = Vpp/= for Phase Comparator 1
' Ké = Vpp/4 = for Phase Comparator 2
_2=rAtvco

for a typical design wp =

.
'
[
'
L3
,
H
+

g = 0.707

Phase Comparator 1

PCA _[

I R I

Pce,n |

T B s ey - e

L l_VOL

[ (at phase detector input)

Waveforms

Note: for further information, see:
(1) F. Gardner, “Phase-Lock Techniques®, John Wiley and Son, New York, 1966.

(2) G. S. Moschytz, "Miniature RC Filters Using Phase—Locked Loop®, BSTJ, May, 1965.

(3) Garth Nash, “Phase-Lock Loop Design Fundamentals®, AN-535, Motorola Inc.
(4) A. B. Przedpelski, “Phase-Locked Loop Design Articles®, AR254, reprinted by Motorola Inc.

LOW-PASS FILTER

Figure 3. General Phase-Locked Loop Connections and Waveforms

Filter A Filter B
_ [KeKvco _ KoKVCO
“n = NRaCz | " T / NC(R3 + Ra)
NLUn N
¢ 2KpKVCO ¢ n (RaC2 + gokveo'
_ 1 _ R3C2S8 + 1
RSl = s v 1 | 79 = §Asc, + RgCpy) + 1
) «
Phase Comparator 2
' Ypp
B T
] 2
0 Voy
VoL
PCoy____ | - Yo
= YoL
VCOiy == Y8
=VoL
”‘"‘W‘ﬁ@g
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OUTLINE DIMENSIONS

L'SUFFIX

CERAMIC DIP PACKAGE

CASE 620-10
ISSUEV

m

E— —
Qre—
~ D 18PL

[@]o250010®[T[A ®]

—»r¢—J 18P,

[@lo250.010®][ 7|8 O]

NOTES:

1. DIMENSIONING AND TOLERANCING PER
ANSI Y14 5M, 1982,

2. CONTROLLING DIMENSION: INCH.

3. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL

4, DIMENSION F MAY NARROW TO 0.78 (0.030)
WHERE THE LEAD ENTERS THE CERAMIC
BOOY.

7
;
3:
:
:

055 ] 0.065 |

0.100B5C

B8 i 0015 | 021 ] 0.
0125 | 0470 | 318 | 431
o;g%)[ﬁc i)

0°] 15°] 0°] 15°

0.020 | 0.040

zl::—?(zO'nFHOO?)

P SUFFIX

PLASTIC DIP PACKAGE

D 1s pL

(@] 0250010@[7] 2 @]

SEATING
=T=| prane

CASE 64808
ISSUER

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982,
2 CONTROLLING DMENSION: INCH.
3. DIMENSION L TO CENTER OF LEADS WHEN

FORAMED PARALLEL
4. DIMENSION 8 DOES NOT INCLUDE MOLD FLASH,

5. ROUNDED CORNERS OPTIONAL.

INCHES
MN | M
0.740_| 0.770
0250 | 0.270
0145 | 0175 | 369 A
0015 1 0021 | 03¢ ] 053
0040 | 070 102 ] 177
0100 85C 234BSC |
0.050 8SC 127
0008 | 0015 | 021 ] 038
0010 {0130 ] 280 | 330
0295 {0051 750 | 7.14
9°] 10° 0°] 10°
0020 0040 ] 0511 1.0

2

o [~ x| jx|@Mmio|ojol»

MC140488

Al
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* i
OUTLINE DIMENSIONS
? #
§ DW SUFFIX
PLASTIC SOIC WIDE PACKAGE
f CASE 751G—03
ISSUE B

-

"ﬂﬂﬂﬂﬂﬁﬁﬂ’ _ =/ NOTES:
§ 1. DINENSIONS ARE N MILLMETERS.
©) 2. INTEAPRET DINENSIONS AND TOLERANCES
@ —t~ PER ASME Y145M, 1994.
3. DIMENSIONS D AND E DO NOT INLCUDE MOLD

% PROTRUSION.

N 4, MAXNUN MOLD PROTRUSION 0.15 PER SIDE.

= 5. DIMENSION B DOES NOT INCLUDE DAMBAR
PROTRUSION, ALLOWABLE DAMBAR

_L_ s . PAOTRUSION SHALL BE 0.13 TOTAL IN EXCESS
OF THE B DIMENSION AT MAXIMUM MATERLAL

TTOTgEE’ e oo

RN
2

B] _7 MILLIMETERS
¢ 16x B , | om | WiN | MAX
’ Al 23 | 265
' 025@[TIA®|B® ALl od0 | 025
; RB' l | l—] 8| 0351 049
| cl o[ ox "~
D | 1015 | 1025
€] 740 | 780
° 1.278SC "
! H_| 1005 | 1055
p _: h ] 025 ] 1%
3 H WEEREE)
} [} o°f 7°
el
1]
¥
i
1]
i
[
¥y
:
¥
!
X
’ %
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Motorola reserves the right to make changes without further natice to any products herein. Motorola makes no warranty, reprasentation or quarantee regarding,
ghe suitability of &s products for any particular purpase, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and;
Specifically disclaims any and all Kability, including without limitation consequentialor incidemal damages. “Typica?” parameters which may be provided in Motorola,,
gatasheets and/ar specifications can and do vary in differant applications and actual performance may vary overtime. Alloperating parameters, including “Typicals®;
fnust be validated for each customer application by customer's technical experts. Motorola does nat convey any license under its patent rights nor the rights of,;
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Integtated Device Technology, Inc.

‘ CMOS STATIC RAM
dt 16K 2Kx8BIT)~

IDT6116SA
IDT6116LA

|

FEATURES:

» High-speed access and chip select times
— Military: 20/25/35/45/55/70/90/120/150ns (max.)
— Commercial: 15/20/25/35/45ns (max.)

* Low-power consumption

* Battery backup operation
— 2V data retention voitage (LA version only)

* Produced with advanced CMOS high-performance
technology

+ CMOS process virtually eliminates alpha particle
soft-rror rates
* Input and output directly TTL-compatible

* Statit operation: no clocks or refresh required

. Avmlable in ceramic and plastic 24-pin DIP, 24-pin Thin
Dip and 24-pin SOIC and 24-pin SOJ

» Military product compliant to MIL-STD-833, Class B

DESCRIPTION:

The IDT6116SA/LA is a 16,384-bit high-speed static RAM
organized as 2K x 8. It is fabricated using IDT's high-perfor-
mance, high-reliability CMOS technology.

Accesstimes as fastas 15ns are available. The circuitalso
offers a reduced power standby mode. When CSgoes HIGH,
the circuit will automatically go to, and remain in, a standby
power mode, as long as CS remains HIGH. This capability
provides sxgnlﬁcant system level power and cooling savings.
The low-power (LA) version also offers a battery backup data
retention capability where the circuit typically consumes only
1uW to 4uW operating off a 2V battery.

Al inputs and outputs of the IDT6116SA/LA are Tl’L-
compatible. Fully static asynchronous circuitry is used, requir-
ing no clocks or refreshing for operation.

The IDT6116SA/LA is packaged in 24-pin 600 and 300 mil
plastic or ceramic DIP and a 24-lead gull-wing SOIC, and a 24
-lead J-bend SOJ providing high board-level packing densi-
ties.

Military grade productis manufactured in compliance to the
latest version of MIL-STD-883, Class B, making it ideally
suited to military temperature applications demanding the
highest leve! of performance and reliability.

FUNCTIONAL BLOCK DIAGRAM

CIRCUIT

H AN
Ao - : ™~
; - ——i . «— VcC
. ADDRESS . 128 X 128
B MEMORY
: DECODER L ARRAY * GND
i
A0 ™~ Y [
I —— |
i
voo? '_“__{2_4 3
! 3 ® /O CONTROL
O . ~ INPUT
. DATA eee
[ J
P

Cs!
CONTROL
CIRCUIT

The 10T logo Is aregistared trademark of integrated Device Technokogy, Inc.

MILITARY AND COMMERCIAL TEMPERATURE RANGES

v
©1908 intsgrated Device T Ine.

)

For tasest iformation contact I0T's web site at www.idt.com or fax-on-demand a1 408-482-3301.
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IDTE118SALLA

CMOS STATIC RAM 18K (2K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

}
PIN CONFIGURATIONS ~
} CAPACITANCE (TA = +25°C, F = 1.0 MH2) -
N M “Unit’
! a7 01 24 P vee Symbol Pmmﬂ Condltions | Max. |"Unkt
as (]2 23 [ As CIN Input Capacitance VIN=0V 8 pF
PooasO3  poaz 2D0A0 Cuo /O Capacitance vour=oV | 8 | pF
o A Q4 p24-1 21 I WE NOTE: 3009 10103
Az 05 D24-2 20 |1 OE 1. This parameter Is determined by device characterization, but is not
Az e D24-1 19 F Ao production tested.
A1 7 So24-2 181 CS
Ao 48 & 17 2 Vo7
i vooo9  S0244 16 [ /06
. vo1 1o 15 |3 VOs
voz § 1 14 3 V04 =
GND & 12 13 2 v0s3 3089 drw 62
g
{ (1)
DIP/SOIC/SOJ ABSOLUTE MAXIMUM RATINGS R
TOP VIEW Symbol Rating Commercial| Milltary | Unit
E Temninal Voltage )
vrerM®@)]| with Respect to GND|-0.5t0 + 7.0 |-0.510+7.0| V .
: Operating ) .
i Ta Temperature Oto+70 [-55to+125| °C
Temperature .
PIN DESCRIPTIONS TBIAS Under Bias -55to+ 125|-65t0 +135| °C
. Ac-A13 Address Inputs Storage -
Fl/Oo4/07 Data Input/Output TstG Temperature 5510 + 125 |-65 to +150| °C
' 6§ Chip Select Power .
e . Pr | Dissipation 1.0 10 |W
: louT DC Output Current 50 50 .| mA
3 CE Output Enable NOTES: abdo i 64
Vce Power 1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT:
GND Ground INGS may cause permanent damage to the device. This is a stress rating
3089 1 01 onlyand functional operation of the device at these or any other conditions
above those indicated in the operational sections of this specificationis no
N implied. Exposure to absolute maximum rating conditions for extendec
periods may affect reliability.
; 2. VYeErm must not'exceed Vee +0.5V.
¥ . .
¥
TRUTH TABLE(")
Mode [o5] GE WE vo
Standby H X X High-Z
Read L L H DATAouT
Reéd L H H High-Z
Write L X L DATAN
NOTE: 3089 b1 02
1. H=Vm, L= Vi, X=Don't Care. v

¥ s vy W Pt e

+
t
}
| 5.1 ”
I
t
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DT6116SARA
"MOS STATIC RAM 16K (2K x 8-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

RECOMMENDED OPERATING
[EMPERATURE AND SUPPLY VOLTAGE

RECOMMENDED DC

OPERATING CONDITIONS .

Ambient Symbol Parameter Min. | Typ.'|- Max: {Unit|
__ Grade Temperature GND vec Vee Supply Voltage 45 |50 | 559 |V
_Military | —55°Clo+125°C | oV 5.0V £10% GND Supply Ground 0 0 0 v
_Commercial | 0°Cto+70°C v | soveio ViH | InputHigh Voltage | 2.2 | 3.5 |Voc+0.5| V.
3 bl 05 T
{ ViL Input Low Voltage |-0.5" | — 0.8 \'
i NOTES: 3089 thi U8
1. ViL {min.) = -3.0V for pulse width less than 20ns, once per cycle.
; 2. VIN must not exceed Vcc +0.5V,
3
DC ELECTRICAL CHARACTERISTICS
/CC = 5.0V + 10%
' I IDT6116SA IDT6116LA
Symbol Parameter Test Conditions Min. Max. | Min. Max. | Unit
; _ ML — 10 — 5
liul | Input Leakage Current Vce = Max., VIN = GND to Vce com'L i 5 } — 2 HA
§ Ve = Max. MIL. — N Mo — 5
Iol [ Output Leakage Current | TS = ViH, VouT = GND to Voo COML | — 5 — 2 MA
VoL | Output Low Voltage loL = 8mA, VCC = Min. —_ 0.4 —_ 0.4 v
VoH Output High Voltage IoH =-4mA, Vcc = Min. 2.4 —_ 24 —_ A
¥ 3089 thi 07
}
|4
DC ELECTRICAL CHARACTERISTICS ()
/CC =50V *10%, VLC = 0.2V, VHC = VcC - 0.2V
| i 6116SA15(2 6116SA20 6116SA25 6116SA35
| 6116LA15@ 6116LA20 6116LA25 6116LA35
Symbol|} Parameter Power | Com'l. Mil. Com'l. Mitl. Com'l. Mil. Com’'l. Mil. Unit
Icct Operating Power Supply SA 105 — 105 130 80 90 80 90 mA
Current, CS < VIL,
Outputs Open, LA 95 - 95 120 75 85 75 85 ,
Vcc =Max,f=0 i
lcc2a | Dynamic Operating SA 150 —_ 130 150 120 135 100 115 mA
LCurrent, CS< Vi,
‘VCC Max., LA 140 —_ 120 140 110 125 95 105
Outputs Open, f = fmaxt4) o
Is8 | Standby Power Supply SA 40 — 40 50 40 45 25 35 mA
Current (TTL Level) :
| C32VH, Vce = Max., LA 35 — 35 45 35 40 25 30
r Outputs Open, f = MAX®) ~N o
Iss1 | Full Standby Power SA 2 — 2 10 2 10 2 10 mA ;
Supply Current .
(CMOS Level), CS=2VHC,| LA 0.1 —_— 0.1 0.9- 0.1 0.9 0.1 0.9 !
'Vee = Max., VIN 2 VHC '
__ JorViNsVic f=0 me
NOTES: 3089 1l 08

I All-valugs are maximum guaranteed values.

. 0°Cto + 70°C lemperature range only.
3. -85°C.10 + 125°C temperature range only.. )
b fuax = 1'Itnc, only address inputs are cydling at fmax, f = 0 means address inputs are not changing..

E
'
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JTB118SARLA
MOS STATIC RAM 16K (2K x 8-8M)

" MILITARY AND COMMERCIAL TEMPERATURE RANGES

i

)C ELECTRICAL CHARACTERISTICS () (Continued)
(cc =5.0V £10%, VLC = 0.2V, VHC =VCcC - 0.2V

JERE
.

! 6116SA45 6116SA55® 6116SA70™ | 6116SA90® | 6116SA120™ 61185A1§0°.?..
; 6116LAAS 6116LAS5® 6116LA707 | 6116LA907 | 6116LA120% | 6116LA150% Un'ﬁl
I . Parameter Power|Com'l.] Mil. | Com'l.| Mil. [Com'l.| Mil. |Com'l.| Mil. | Com'.] Mil. | Com'l. | Mil. | Unit
lcc1 | Operating Power Supply | SA (80 [ 90 | — [90-| — {90 | — 90| —]| 90| — [s0{mA
Current, CS< VL, ‘
Outputs Open, LA [ 75 | 85 — | 85 — | 85 —_ 85 — 85 — 85
Vece =Max, f=0 8,
lcca dynamic  Operating SA |100 {100 | — |100| — [100 | — 100 — | 100 | -— 90 { mA
Current, CS < Vi,
Vce = Max., LA | 80 | 95 — | 90 — | 90 —_ 85 — 85 —_ 85
Outputs Open, f = fuax(®
Iss | Standby PowerSupply | SA |25 |25 | — |25 | — [ 25 | — [ 25| — | 25 | — | 25 | mA
Current (TTL Level)
CS2 Vi, Ve = Max., LA [ 20 | 20 — 120 — 1 20 — 25 — 15 — 15
Outputs Open, f = fmax‘¥
Isa1 Full Standby Power SA | 2 10 — |10 — | 10 — 10 — | 10 - 10 | mA
Supply Current )
(CMOS Level), CS2VHc,| LA | 0.1 | 0.9 — | 0.9 — 1 0.9 — 0.9 — 0.9 — 0.9
Vce = Max., ViN 2 VHC
orVINS VLG, f=0
NOTES: 3089 b1 09
1. All values are maximum guaranteed values.
2. 0°C 1o + 70°C temperature range only.
3. —56°C 10 + 125°C temperature range only.
1. tMax = 1/'tac. only address inouts are toggling at fuax, f =0 means address inputs are not changing.
DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(LA Version Only) VLC = 0.2V, VHC = Vcc - 0.2V
| ‘ Typ." Max.
} - Vee Vee nt
Symbolj Parameter Test Conditions Min. 20V 3.0V 20V 3.0V Unit:__
VDR , Vcc for Data Retention — 2.0 —_ — — — M
lccor Data Retention Current MIL. — 0.5 1.5 200 300N . HA
‘ ' CS2VHe COML. — 0.5 1.5 20 30
tcoR®@ f Data Deselect to Data VIN 2 VHC or S VLG — 0 — - — ns
Retention Time ;
R Operation Recovery Time trct@) — — — — ns
it Input Leakage Current — —_ —_ 2 2 T BAsaisy
NOTES: ’ ‘ ’ 3039 110
1. TaA=+25°C

2. tAc = Read Cycle Time.
3. This parameter is guaranteed by device characterization, but is not production tested.
H
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DT6116SA/LA
CMOS STATIC RAM 16K (2K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

p—

LLOW Vcc DATA RETENTION WAVEFORM i e e

DATA RETENTION MODE
Vee ] 45V —T<___ Vom22V T asv
f tCDR - n =] '\ \&
3 b
7 N VoR ) Y \ \ \ \
s A/ /L LA w —K
3089 drw 03
3
3
;
]
3
AC TEST CONDITIONS
input Pulse Levels GND to 3.0V
Input Rise/Fall Times 5ns
Input Thing Reference Levels 1.5V
Output Reference Levels 1.5V
AC Test Load See Figures 1 and 2
' 3089 tbi 11
5V 5V
k
' 480Q ' 480Q
DATA ouT * _L DATAouT
' 2550 30pF" 2550 5pF*
£
1 3089 drw 04 3089 drw 0§
Figure 1. AC Test Load Figure 2. AC Test Load
f . (for toLz, tcLz, toHz,
f twhz, tcHz & tow)
' *Including scope and jig.
1
¢
i
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DTE116SALA

SMOS STA?’I(E RAM 16K (2K x 8-BIT)
.

MILITARY AND COMMERCIAL TEMPERATURE RANGES

13

AC ELECTRICAL CHARACTERISTICS (vcc = 5V + 10%, All Temperature Ranges)

BT a s T

f 6116SA15(") 6116SA20~ 6116SA25 6116SA35
; 6116LA15(" 6116LA20 6116LA25 6116LA35. 1
Symbol | Parameter Min. | Max. Min. | Max Min. | Max Min. Max. | Unit|,
READ CYCLE - i
tRc | Read Cycle Time 15 — 20 — 25 — 35 — | ns
A | Address Access Time — 15 — 19 _ 25 — 35 | ns
tacs |, Chip Select Access Time| — 15 — 20 — 25 — 35 | ns
teez™ | Chip Selectto Outputin | 5 — 5 — 5 - 5 — |ns}
I Low-Z i
tOE ; Output Enable to Output — 10 — 10 — 13 _— 20 [ ns
. Valid .
toz® ff Output Enable to Output 0 — 0 — 5 — 5 — ns |
* in Low-Z T
tcHz®® |, Chip Deselectto Output | — 10 — 11 — 12 — 15 | ns }
} in High-Z |
toHz® ¢ Output Disable to Output| — 8 — 8 — 0 | - 18 | ns
¥ in High-Z 1
toH - Output Hold from 5 — 5 — 5 — 5 — ns
| Address Change
tPUR) Chip Select to Power-Up 0 — 0 — 0 — 0 — ns
Time
tPo® | Chip Deselect to Power- — 15 - 20 — 25 — 35 ns
Down Time .
; 3089 i 12
4
AC ELECTRICAL CHARACTERISTICS (vce = 5V + 10%, All Temperature Ranges) (Continued)
; 61165A45 | 6116SA55@ | 6116SA70 | 6116SA90? | 61165A120?| 6116SA150
! 6116LA45 | 6116LA55® | 6116LA70| 6116LAS0?@ | 6116LA120°?| 6116LA150@
Symbol{ Parameter Min. [ Max. | Min. | Max. | Min. | Max. | Min. | Max. [ Min. I Max. | Min. | Max. | Unit
READ CYCLE
tRC Read Cycle Time 45 — 55 — | 70 — 90 — {120 — | 150 — | ns
taa Address Access Time — | 45 — 55 — | 70 — 90 | — 120 | — 150 | ns
tacs Chip Select Access Time| — | 45 — | 50 | — | 656 | — % | — | 120 — | 1507 ns
tct?® | ChipSelecttoOutputin | 5 | — | 56 | — | 6 | — | 5 | —1 5 | — | 5 — | ns
Low-Z "
toE Output Enable to Qutput | — | 25 — | 40 | — | 580 | — |60 | — 80 | — | 100 | ns
Valid N
toz’® | Output Enable to Output | 5 —_ 5 — 5 — 5 — 1| 5 — 5 — | ns
in Low-Z ¢
teHz® | Chip Deselectto Output [ — | 20 — | 3 | — | 35 | — 40 | — 40 | — 40 | ns
in High-Z o
toiz® | Output DisabletoOutput| — | 16 | — | 30 | — | 35 | — [ 40| — | 40| — | 40 | ns
in High-Z . S
tor Output Hold fronr 5 —_ 5 —_ 5 —_— 5 —_ 5 _— 5 — | ns¥
| Address Change ‘ e el o
NOTES: 3089 thi 13-

1. 0°C toy+ 70°C temperature range only.

2. -55°C to + 125°C temperature range only. )
3 This_p?rameier guaranteed with the AC Load (Figure 2) by device characterization, but is not production tested.
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DTE116SALA
MOS STATIC RAM 16K (2K x 8-BIT)

MILITARY AND COMMERCIAL TEM!’ERATURE,RMGES

I

TIMING WAVEFORM OF READ CYCLE NO. 1(t3)

T L]

—_— PR . et P

~ tRc

b —

ADDRESS

X

)

e {OH —p

xo

toe

fe— toL2(5) ——

RN

———————

- {OHZ (5) !

> tacs

e to12(S)

sz

e—tcHz !5

DATA

T X

Tmmé WAVEFORM OF READ CYCLE NO. 2 (124

RC

-

i
ADDRESS ><
| L 3
} tAA
» tOH
DATA ot PREVIOUS DATA VALID

TIMING WAVEFORM OF READ CYCLE NO. 3 (134

K

[— tOH

DATA VALID

3089 des 07
LOR) 7

- tACs | - 5
' Bal——— (e P2 (5) ———t tenz ©)
!
DATA Ol{r DATAVALID
NOTES: |

1. WEis HIGH for Read cydie:

2. Device is continously selected, CS is LOW:

3. Address valid prior to or coincident with CS transition LOW.

4. BEis LOW.

5. Trangition is measured £500mV from steady state.

t
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DTE116SALA
>MCS ST. AtTIC RAM 16K (2K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

T R T A LT R TR LR UG RANGES

e e & s w————dw s ik et Ve s . - ware wow

AC ELECTRICAL CHARACTERISTICS (vVce = 5V + 10%, All Temperature Ranges)

!

3 6116SA15M 6116SA20 6116SA25 61165A35
i 6116LA15(M 6116LA20 6116LA25 6116LA35
Symbol| } Parameter Min. | Max. | Min. | Max. Min. | Max | Min. [/ Max. | Unh
WRITE CYCLE RO
twc | *Write Cycle Time 15 — 20 — 25 — 35 —. | .ng
tcw Chip Select to End-of- 13 — 15 — 17 — 25 = |1 ns
Write s
taw |, Address Valid to End- 14 - 15 — 17 - 25 — J..ns
. of-Write s
tas Address Set-up Time 0 — 0 - 0 -— 0 — .. ns..
twe |, Write Pulse Width 12 — 12 — 15 — 20 — | 8
twa | Write Recovery Time 0 — 0 — 0 — 0 — | .n8
twHZ® || Write to Output — 7 — 8 — 16 — 20 0.
, tin High-Z .
tow | Data to Write Time 12 — 12 — 13 — 15 — ns_
: Overlap __
toH® [t Data Hold from Write 0 — 0 — 0 — 1 o - ns
Time
tow4 |y H Output Active from o] — o] — o] — 0 —_ ns.
; End-of-Write

i 3089 thi 14’

i
AC ELECTRICAL CHARACTERISTICS (vcc = 5V + 10%, All Temperature Ranges)

6116SA45 | 6116SA55@ | 6116SA70? | 6116SA90 | 6116SA120( | 6116SA1501)
6116LA45 | 6116L.A55®? | 6116LA70/® | 6116LAS0 | 6116LA120¢ | 6116LA150)
Symbol Parameter Min. |-Max.| Min. | Max.| Min.|{Max. | Min.| Max.| Min. | Max. | Min. [Max’|Unit
WRITE CYCLE £t
twc Write Cycle Time 45 —_ 55 —_ 70 | — 90 — | 120 | — 150 | —_| ns _
tcw Chip Select to End of 30 — | 40 — | 40| — 5 | — | 70 — 90 = Ins
Write o
tAw | Address Valid to End 30 — | 45 — | 65| — | 80 | — | 105| — | 120 | — | ns
‘of Write . s
tAs Address Set-up Time 0 — 5 - 5] — 15 — 20 — 20 — | ns
twp | Write Puise Width 25 | — | 40 — | 4| — | 5| —| 70| — | 9% | = |f
twh Write Recovery Time 0 — 5 — 5| — 5 — 5 — 10 -~ | A§
twhz® | Write to Output — | 5| — | 3| —| 3| —|4| — |4 | — |4 |88
in High-Z ' z {rne
tow Data to Write Time 20 - 25 — 0| — 30 — 35 — 40 | —_ | ns
Overlap ' -~ | o
tor4) | Data Hold from Write 0 -— 5 -— 5| — 5 — 5 — 10 | — |ns_
Time -— i
tow®4| Output Active from 0 - 0 — 0 - 0 —_ 0 —_ 0 — s
"End of Write- ' T
NOTES: » | 3083 B1 15
1. 0°C to +70°C temperature range only. YT T ame
2. -55°C 1o +125°C temperature range only. ,

3 Thispéraneter guaranteed with AC Load (Figure 2) by device characterization; but is not production lested.
4. The specification for tor must be met by the device supplying write data to the RAM under all operation conditions. Anhough toH and tow values will vary.

overvoltage and temperature, the actual toH will always be smaller than the actual tow. SANEE W
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OTE116SANA CLOCAR AT - COMMERCEAL TEMS T WTURE AANGES

CMQS STA{T':C RAM 16K (2K x 8-BIT) e et e - CMIHTARY-AND COMMERGIAL- TEMPERATURE-RANGES

:

F . -

TIMING WAVEFORM OF WRITE CYCLE NO. 1, (WE CONTROLLED TIMING) (1257

o A i e - s @
\ T

N

ADDREiSS

AV

tCHZ 6) i -~

-

j /|
6)
l ‘W”é,:j — 1on® = 3
DATA ouT. PREVIOUS DATA VALID @ DATA
; VALID
e tow ——»‘—tmd

DATAW DATA VALID
; 3089 drw 09
'
!
3 —
TIMIN? WAVEFORM OF WRITE CYCLE NO. 2, (CS CONTROLLED TIMING) (23 57)
- twC - ——
ADDRESS >< : >< -
= taw —
cs \}\ yd </-twn‘3’->
[—— tAs —-je tcw > Pl
o <d
i - {DW et {DH = L
DATAN DATA VALID >—'-""'m——' —
i 3089 drw 10

OTES: !

1. WE or TS must be HIGH during all address transitions.

NoraN

A writd occurs during the overlap of a LOW CS and a LOWWE

tWR isirqeasured from the eartier of CS or WE going HIGH to the end of the write cycle.

During this period, the VO pins are in the output state and the input signals must not be applied.

lfthe LOW transition occurs simuftaneousty with or after the WE LOW transition, the outputs remain in the high-impedance state.

Trans is measured $500mV from steady state. el i allgwth
Otis éominuously HIGH. If OE is LOW during a WE controlled write cycle, the write pulse width must be the larger of twe or (twiz - inw)otaliow the
VO drivers to tum off and data to be placed on the bus for the required tow. tf OE is HIGH during a. WE controlled writercycle, this requirement does not:
apply agnd the write pulse is the specified twp. For a CS controlled write cyde, OE may be LOW with nodegradatiorr to tow.

I

3
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T6116SALA

MQS STATIC RAM 16K (2K x 8-BIT) MILITARY AND ceumtﬁ'em. Téﬁﬁ%aa‘rﬁh& i‘mﬂhﬁs
DRDERING INFORMATION
oT 616 XX XXX X X
Devtc‘e Type Power Speed Package Process/
' Temperature
Range
i Blank Commercial (0°C to +70°C)
i B Military (-55°C to + 125°C)
, Compliant to MIL-STD-883, Class B
1]
N TP 300 mil Plastic DIP (P24-1)
| P 600 mil Plastic DIP (P24-2)
TD 300 mil CERDIP (D24-1)
‘ D 600 mil CERDIP (D24-2)
' SO 300 mil Small Outline IC, Gull-Wing Bend (S024-2)
| Y 300 mil SOJ, J-Bend (SO24-4)
i
B 15  Commercial Only )
20
25
35
' 45 .
f 85  Military Only - Speed in nanoseconds
' 70  Military Only
k 90  Military Only
A 120  Military Only
150  Military Only _
SA  Standard Power
{ LA Low Power 3089 drw 11
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National Semiconductor

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

General Description

The ADCO0801, ADC0802, ADC0803, ADCO0804 and
ADC0805 are CMOQOS 8-bit successive approximaton A/D
converters that use a differential potentiometric ladder—
simitar to the 256R products. These converers are de-
signed to allow operation with the NSC800 and INS8080A
denvative control bus with TRI-STATE! output latches di-
rectly driving the data bus. These A/Ds appear like memory
locations or /0 ports to the microprocessor and no inter-
faci‘ng logic is needed.

Diterential analog voitage inputs allow increasing the com-
mon-mode rejection and offsetting the analog zero input
voitage value. In addition, the voltage reference input can
be adjusted to allow encoding any smaller analog voltage
span to the fult 8 bits of resolution.

m Differential analog voitage inputs

Logic inputs and outputs meet both MOS and TTL voit-
age level specifications

Works with 2.5V (LM336) voltage reference

On-chip clock generator

OV to 5V analog input voltage range with single 5V
supply

No zero adjust required

0.3" standard width 20-pin DIP package

20-pin molded chip carrier or small outline package
Operates ratiometrically or with 5 Vpg, 2.5 Vpg, or ana-
log span adjusted voltage reference

Key Specifications

Features ® Resolution 8 bits
u Compatible with 8080 pP dervatives—no interfacing ¥ Total error =Y LSB, £ LSBand =11S8
logic needed - access time - 135 as W Conversion time 100 ps
m Easy intertace to all microprocessors, or operates
“stand alone™
Typical Applications
v
r« , .7
———ga vee P B
——— R PR TRANSDUCLA
e———mm e ey LT AESOLUTION
< N oer 2 QVER AAY OESIAED
any 3 LA P viutoy L8 ] —>$ Cﬁf#m AANGE
.» : o M ni®) SEE SECTION 24.1
% 78 po Vinier QIFF INPUTS
+ 8 {ony Acag b S
< LI FY LY YY) A
L2 P Vapl —oststeTion =
~ 1" pXN )
<+ o1 aGND
VJ TL/H/5671-1
8080 Interface Error Specification {Includes Full-Scale,
Zero Error, and Non-Linearity)
———— .
Part SF:aI:; VRef/2= 2.500 Vpc | VRer/2= No Connection
e Number {No Adjustments) {No AdJustments)
Adjusted ..
e g o ADC0801} v, LS8 .
s,
e S — L] ADC0802 +141S8 . -
: _ ADC0803| =1,1SB| - - ) -
‘ ADC0804 +*1188 -- - ]
ADC0805 - +1LS8 -
TUWSE71-01

50800QV/¥0800QV/£0800QY/2080IQV.A408000Y
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0O805

Absolute Maximum Ratings (Notes122)
It Military/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales
Office/Distributors tor availability and specifications.

Supply Voltage (Vcc) (Note 3) 6.5V
Voltage
Logic Control Inputs -0.3Vto +18V
At Other Input and Outputs —~0.3Vto (Vcc +0.3V)
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic) 260°C
Dual-In-Line Package (ceramic) 300°C
Surface Mount Package
Vapor Phase {60 seconds) 215°C
220°C

infrared (15 seconds)

Electrical Characteristics

Tha following spectfications apply for Vee=5 Voc. TuinS Tas Tuax and fo k=640 kHz unless otherwise speacified. -

Storage Temperature Range
Package Dissipation at To=25'C
ESD Susceptibility (Note 10}

Operating Ratings (votes122) ¥
Temperature Range TMiNSTA STm’x~ -
ADC0801/02LJ, ADC0802L1/883 —55°C<TAS +126°¢

ADC0801/02/03/04LCJ —40°CSTAS +85°C
ADC0801/02/03/05LCN ~40°CSTAS +85% ]
ADCO0B04LCN 0'CSTAS +70°C
ADC0802/03/04LCV 0°C<TAS+70°C l.
ADC0802/03/04LCWM 0°C<sTa< +70°C H
Range of Ve 4.5Vpct06.3 Vpe :.

Parameter Conditions Min Typ Max Units
ACC0801: Total Adjusted Error (Note 8) With Full-Scale Adj. Y LS8
(See Section 2.5.2) e .
ADC0802: Total Unacjusted Error (Note 8) Vgrer/2=2.500 Vpc = LS8
ACC0803: Total Adjusted Error (Note 8) With Full-Scale Adj. Ny LSB
(See Section 2.5.2) =72 b
ACC0804: Total Unadjusted Error (Note 8) Vaegr/2=2.500 Vpc =1 LSB...
ADC0805: Total Unadjusted Error {Note 8) Vgeg/2-No Connection =1 LSE
Vzz£/2 Input Resistance (Pin 9) ADC0801/02/03/05 . 25 8.0 m
ADCO0804 {Note 9) 0.75 1.1 k2
Aralog Input Voltage Range (Note 4) V(—)or V(-) Gnd-0.05 Veg+0.05 Vo
DC Common-Mode Zrror Qver Analog input Voltage =Y “a LS8
Range .
Pewer Supply Sensitivity Vee =5 Vpg =10% Over =%e £V, LS8
Allowed Vin( ) and Vin(—)
. Voltage Range (Note 4)
AC Electrical Characteristics -
T=e following specificatons apply for Vec=5 Voc and T4 =25°C unless otherwise specified. e
Symbol Parameter Conditions Min Typ Max
Ts Conversion Time fcL =640 kHz (Note 6) 103 114
T- Convarsion Time (Note 5, 6) 66 d 73
f~ Clock Frequency Voo =5V, (Note 5) 100 640 1460
Clock Duty Cycle (Note 5) 40 60
ot Convarsion Rate in Free-Running INTA tied to WH with 8770 9708
Mode T3 =0 Vpe. fotx =640 kHz
o WAL Width of WR Input (Start Pulse Width) TS =0 Vpc (Note 7) 100 g
14CC Access Time (Delay from Falling C_=100pF 135 200
Edge of BD to Output Data Valid)
tyHs toH TRI-STATE Control {Delay CL=10pF, R =10k 125 200
from Rising Edge of RD to (See TRI-STATE Test -
Hi-Z State) Circuits)
tw. A1 Delay from Falling Edge ’ 300 |- 450 ~
of W%l'orﬁ'ﬁ to Reset of INTR
Cin tnput Capacitanca of Logic 5 ~7.5 ™
Control Inputs
Cout TRI-STATE Output 5 :
: Capacitance (Data Butfers) . PRI AN
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuitand is therefore specified separately}
Vin (1) Logical *1" Input Voltage Voe=5.25Vpg 2.0 T 15
(Except Pin 4 CLK IN)

2-20
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AC Electrical Characteristics (Continueq) .
The lollowing specifications apply for Ve = SVpg and TN £ Ta € Tumax, unless otherwise specified.

Symbol l Parameter [ ‘ Conditions I Min I Typ L Max I Units

CONTROL INPUTS (Note: CLKIN (Pin 4) is the input of 2 Schmitt trigger circuit and is therefore specified separatety]

Vin (0) Logical 0" input Voltage Vee=4.75Vpe 0.8 Yocs
{Except Pin 4 CLKIN) -

I (1) Logical **1** Input Current Vin=5Voc 0.005 1 pApc
(All Inputs)

Iin (0) Logical 0" input Current Vin=0Vpc -1 -0.005 pApg
(All Inputs) \

CLOCK IN AND CLOCK R

vr= CLK IN (Pin 4) Positive Going 2.7 3.1 3.5 Voc
Threshold Voltage

V- CLK IN (Pin 4) Negative 1.5 1.8 2.1 Yoc
Going Threshold Voltage

Vy CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Voc
(Vr+)=(Vr-)

Vour (0) Logical “0" CLK R Cutput lo=360 pA 0.4 Voc
Voltage Vee=4.75Vpe

Vout (1) Logical 1" CLK R Output lo= —360 pA 2.4 Voe
Voltage Vee=4.75Vpe

DATA OUTPUTS AND INTR

Vour (0) Logical “'0" Qutput Voltage
Data Outputs lout=1.6 MA, Vcc=4.75Voc 0.4 Voc
INTH Output loyr=1.0mA, Vcc=4.75Vpoc 0.4 Voe

Vout (1) Logical 1" Output Voltage lo=—360 pA,Vcc=4.75Vpe 2.4 Voc

Vour (1) Logical 1" Output Voltage lo=—10 pA,Vcc=4.75Vpc 4.5 Voe

louT TRI-STATE Disabled Output Voutr=0Vpc -3 wApc
Leakage (All Data Butfers) Vout=5Vpe 3 uhpé

fsounce Vout Shortto Gnd, Tp=25"C - 4.5 6 mApC

ISINK Vour Short to Voo, Ta=25'C 9.0 16 mApg

POWER SUPPLY

lce Supply Current (Includes fork = 640 kHz,
Ladder Current) VRep/2=NC, T4 =25C g

and CS =5V eeim

ADC0801/02/03/04LCJ/05 1.1 1.8 mA
ADC0804LCN/LCV/LCWM 1.9 25 mA

Note 1: Absolute Maximum Ratings indicats limits beyond wihich damage to the dewce may occur. OC and AC electncal spacifications do not apply when coerating
the device beyond its specified operating conditions.
Not.ZAnvollaguuomewsdwhhresoodbGnd.mommspodﬁod.mmnA.GmpoiﬂshoudalwaysbewimdmeGnd.

Note 3: A zener diode exists, intemally, from Yoc 1o Gnd and has a typical breakdown voitage of 7 Voc.

Note 4: For Vin{(—)2 V||q(+)modugnalo¢mot:awilb000000000 Tnoon-arpdodamﬁodm.amandogmpm(snbbd(dhgnm)wﬁdtnbmw
wm!uvammeMmmammmmmmvmw 8e careful, during testing at iow Veg levels (4.5V),
ash@lmmm(swwcammmmw ;] p at ok d u\dwmmformdogmuunwmmm
specd!owsSOmeorwardmmmmmmm(uwnmmvmmumuxwunawlyvohgobymMSOmV thooutpul
codewnllboeomcLToacNavoanabsolnovoclosmeWwoﬂmqulmammhgooH%OVocmmm
varhnom.mhllolormandbadng.

Note 5: Accuracy Is guaranteed at ko x = 640 kHz. At higher clock fn ? _ao‘,' o Famm&mmMMMmbo
extmdodsolcmumemmﬁmmmamdﬂmmmm&mmmzﬁm. . T
Note 6: Mmmasynchmmsmmwwododp«wmmmmmnmmmnmmsmmmdonmm
sunnq.uhmuwtyhtmed.mﬁgnzwmzo. ot
Note 7: 'moCSmhusumodmmmmmmwmmmhwmmmmmmmmmm-iw
!heconvm-rnnrmtmod.mmmothMmem@wdeﬁmwmm RN
NouO-NomolmmAIDsuqunslmadkm(sooucﬁon?.i').ToobhhmcodolloMMMst@mumei
Not-rmvgmzmummmuammmmvmmmmuvuwuqlm-Aoooam . ADC0802, ADGO803, -end
ADCO80S, and in the ADCOB04LCJ, each resistor is 16 kL. In all versions of the ADCO804 except the ADCOB04LC, eech resistor is typically 2.2 k().

Note 10z Human body model, 100 pF discharged through a 1.5 kit resistor. EPSN

50802QV/ ¥0800QV/£0802aY2208004AV/} 08000V
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