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ABSTRACT

In thesis presents the design of data transmission systems by
modulation data into FM-SCA channels and broadcast with Frequency
modulation. Here in design of broadcast FM podulator or FM exciter,
stereo coder and Modem are also described.  The FSK nodem and PSK
moden carrier used 67.2KHz and with bit rate about 4,800 bits per
second are implemented. The channel characteristics of FM-SCA that
use for digital signals transmission is analyzed by bit error rate
peasurenent.The bit error rate analyzer that measure the Error Free
Interval(EFI) and display results on a microcomputer is also pre
sented.The optimum packet that use for transeit data are designed

form EFI distribution of bit error rate.
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AIMBANAUNLII93T PLL 1UBI4ITATANAIMNANMETUNIUKAIAN 1N10Y B, U&7
) ' » S v
ﬂﬂu11nu1ﬁ1n1aqnaquasﬁnﬂqaﬂuauqn1aﬁa

N, =NB

i -]

i
Foum aRadyniouasiauunda SNR

3 i

b2
o -~ 4
VE/N | AelmiddIniaaTiasuta

B

& =B e (65)

n L

SNR B,

O RE LY PRI IR S RREENE BY (P RT T SNR, aRAIMTATUIATENINAT
niacaq1u3d1uﬁ§uqnﬁnu1au1n§u1ﬂanu1anaqlwﬁantaaéﬁtaﬂﬁqnnaq PLL milauniu
1ﬂtﬂ?sULﬁauﬁULwﬁauqnu51ﬁﬁ1ﬁ PLL ﬁ1u11naz§ana§1§§u IR ad AN LRE A
uniqaé1uéﬁutﬁqtﬁunaqLwaﬁtnataa%u?atwﬁantaaé res (/B uasni1 0.3 rad
IINANN1T(65) L11d1u11niﬁﬁanuﬂatwﬁan1aa%iaan11i1ﬁanu1anaqdngﬂuuué%nﬁud
n11ﬁ1ﬁnnu1anaqdﬂgﬂuuuﬁ?nﬁn?a%ﬁdﬂ'wn ADuIaNas AT VMANNIT (45)A11IA1
wgaunaqgﬂazﬁdﬂuﬁn ﬁqaun11ﬁ1nuaé1QUuuu§3nﬁﬁaqé1ﬁqﬁqd1l1a1u§5u515

111 714818

6 "= 1/28NR,  eeee- (66)

183 SNR_ Lﬂuﬁmmﬂmﬁaﬁmmﬂmuaaéaugnnaqguﬁs1ﬁ

SNR_ = SNR,B, e (67)
2B,

Fanunanean SNR, qsﬁuaéﬁudqﬁmqwmﬁaﬁmmﬂmuaaéﬁuqn UUMA IANIENI93 TN T2
a1 mE Y dqgﬂuuué%nﬁ,Tnﬂéﬂ SNR, lﬁuﬁ1uaniqqmnwunaqguiﬂﬂ1n11nu¥uu1¢
5a1wdauﬁmm1mdaﬁmmwmuaaé%uTﬁﬁ1ﬁaq1n TastunieudiiRdmuada SNR_ nannda
6 dB 39n1N PLL ﬁ1u1105anﬁmmﬁm§uqnina1ﬁtﬁan11naa(loss'of locked)

4 o e
2937 PLL nﬁuwntﬁu1qa1ann1aq 2

o v & (. a4 3 Y]
AmT¥un17189937 PLL dmFuaanfnggandiTenan 2 navdnginiasnaunuinadn

. o - 4 o { - X [V YN
s PLL lﬁuQQQTEﬂﬂqﬂQﬁﬂQﬂuqﬂﬁﬂil“ﬂ?nlﬁBTQWlTBuﬁﬁleNﬂu Taanﬂ1nauqnnaq

193 TANA1R AR 9L T
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th(t) = m(t)cos(wit+et) + .  meeee (68)
- - J ‘ » [ ¥)
148 n(t) Lﬁu band pass gassian noise ntawnqnnaqﬁqa1ann1a¢ﬁaq wia

o of v
auqnnaq PLL 12aulana

v (t) = (m(tlcos(B t+e ) + nCtH"  —mmeo (69)

t- -}

[1n"(t)cos2( t+6,) + 1n_cos2B t - 1n_cos2t

2 2 2
+ ncm(t)sin(zwt+et) + nsn(t)cos(2w1t+ei)
- ncnasinzwtt] ————— (70)
P s g EYE )
paganTuaniaan PLL Rmmﬂmlaﬂnqntnau1aﬂa
v_(t) = v_sin2®@t+)y  ===e- (7T1)
o~ { o { o oy
uiqautaﬂnqnnaq1qaitwﬁatnﬂtna1 raaulana
vty = v, (Mxw k== (72)
124 . 2 2 .
=1 k_[1m (t)sin2(8,-6_) + 1(n_ -n_ )sSin2d,
2 2 2

- n_n_cos28_ + n_m(t)cos(8,-28))

- n_n(t)sint -2 31 -===s (73)
IRt
k, = lkact® et < ¥4y
4
n (t) = l(ncz-nf)sinze° - n_n_cos28_ + n_a(t)cos(8,-28)
2
- n_m(t)sintg -28) ===== (75)

v v v I
GliuA 1N TAL T ANANN TEINURTA
V, = ksinz®, -8 +n (t)  e-me- (76)
£ a { ! £
Ta8 n(t) tﬂuuasﬁuasautnavuaﬁtaﬂuuaad (inter modulation noise) 224

v o ¢ ¢ o (o v d
PD acuu1qa1ﬁu§aunaquaadnaqtwﬁannanna1QQLnau1a3ﬂn 2.2.4.1
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3cuanaqamauun1auawanactwﬁatnﬁtaaﬁtuaau1ﬂ nuﬂanaqantaa11ﬂt1auﬁ n1

1ﬁ1utnan11w§aaﬁnn11aann1aLna cycle slip avaaaqtuaﬂaqnnuﬂanaﬂtwﬂatnﬂ
LRa4anasn Tt TaauIALUAINLRET rs (B Mlin1MAR cycle slip haviian
n91 0.15 rad Tas i WHInLAa LAY a1n§mw1muaséﬁ§ugn PLL §4ﬂ1&§uqnxﬁu1q
358NA1RFAN udn4é1zaﬂﬁqntwaanlaaéaﬂl?aui 18Aa
8 ° =B, [1 + 1 ] ----- $43)
B SNR,L  2SNR,

4 ‘ﬂ d < ¥ a I's y (da
Taginaunagluaviaut utnaunqunua1nausaa:uagLaniuuaaﬁnauqnngqkPLL
v ¥ e d - ' .
TaanmInauIazaY SNR, gawaua1ﬂﬂLnau1u1qtauna1at1an11 squaring loss
1o 1 4 < { 4 4w o v
RLTARWA  UALUAYIINIUIATBNIWAALNALAD TAAAVATININAIUUAY  SNR,  3sRaN
PUSS 4 a v ' “ . gV < - va a
\Wndu 6 dB m72 SNR_ RayN1nnln 12 dB 3vm1in PLL aanﬁmﬂﬂmauanauLﬁna1

aAv

rd dv <
2.3  NVTENLATIEMADUNALWAAanaL
r'd dv ﬂ v )4 ) ) dy  a
NITRILATISHAIINNA2E PLL LUuA1T8 TR NN IuInn AIBANYINAINDRINRY
4 1 4 .- { 4 -
nuwa1131u1aaTa1qd11qﬁ1n1un11ﬁqLﬂiﬂvnﬁuﬂunudae1$QQTu 2.3
11n1ﬂﬁ1un1wuLn11ﬂ11n191qd1ﬂenaﬁ PLL n1anan1u1ua19a1qa1uw1 N (1/N)
TaER" f_ Lﬂua1ﬁuna1qaenu91ﬂunnﬂanua1 aawuntawnwnnaq VCO 3z LNIiumuIe
R
n

129AMRA198Y (frequency referencesf ) gmnunwuvu w11 N niaiiawla

fEo=f XN e (78)
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a4 [N [V ) { ﬂ . ] dy - A o
“7aﬂﬁq11ﬂ1q911uﬂlﬂqnqn(fo) LA uqququln1ﬂaQﬁquﬂﬂqQaQﬂqqunnﬂauﬂau

4, o A4 e dy a4 o ¢ v .
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1 W JU o 's { Jd
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e_(s) = KoKdF(s)/s

er(s) 1+ KoKdF(s)/Ns
o 's (Y]
dﬂﬂ1un1qutﬂﬂ%ﬂqniuﬂaq§ﬂ1ﬂqLﬁauia

eo(s) = G(s)

er(s) 1+G(s)H(8)

{ a4 .
Wasia7ainu (forword gain)

G(s) =
H(s) = vnudaundy  (feedback gainm)
G(s)H(s) = mugmﬂn (open loop gain)

A (79) tintedatiidainuia
G(s) = K_K F(s)
S
uazinuaiiilasas PLL Aa
G(s)H(s) = K_K F(s)

Nxs
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d1u1u1un17ﬁqLﬂ115un11un1qa1n130ﬂ11una1 (LPF)
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1u§ﬂﬂsla8n1§1ﬁi7
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NTRINULLARAY Lua0ﬂ1nﬁqnisud§uqnﬁaa n11§91ﬂ11uﬁawa1a1uﬂn118aqunaqLuﬁa
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tnﬁlaa7ta1nqnuﬂ1uaa a1n10i1n1aq1u§ﬂ1uzu 2.1.1 & FynTwidaTiniuudn

R v
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e, = KK (sT+LD/T, ==—-- (83)
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s® + sxK_K T /NT, + K_K_/NT,

d Y ' ¥ la
azTﬁnqwnnﬁ11uﬁ1nnaqau LAY AMANLNUWALRATAB
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n

M

(K_K_/NT))
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n
’ o -t -4 I's ﬁ - id . v
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o ¢ o < 4 o
4M5u PLL N19RYLATIEMAINANITIURAUF LAUDANAIND  TAENITIURAUNI T T
1uaﬂﬂaunaunﬂ1utnanw1mﬂaauuﬂaqLWﬁtaﬂnwn Taaﬁ1u11nuﬂnﬂ1tUaauuan1uﬁﬂ11~
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nsﬂutﬁauTﬂlnﬂinw unit step #unadn (19) uaqautqa1a1uaﬂﬁn1ﬂuﬁwa1u iqua

4 [7] Ve
naqmwﬂtaﬂnqn1uﬁnﬂqzn1ﬂutaaunaﬁ PLL n1ﬁ1QﬁTHTBQuUUMBHRﬂuﬁRQTRRQZU
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ualipawldanuuaing3nn v__ e
Jl = vr-f Kolzwrcf ————— (86)
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1a881 8 naquagLaiuaunaﬂﬁnn1nu91ﬂunnlua¢tuu nﬁ1a15a11unnuagtan 29
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BUIRBAIAINNLUBILURIT ININUIUIADAY V__ gununﬁtnunaq VCO Taag M TIALIAY
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V.., ﬁnuqﬂnaqn1Uﬂ11unLnﬁnun1wuna1qaqnaq§ﬂ Tun1NgURN1TaANEUYILNTNUR

. ‘ ‘0 ddw . < ﬂ ‘ ¢ 4 ¢ ﬁ
ATILIATE YT EAULURARARIINONABINITITI] NTDL Wigal UUARAAARYIN | RZHBH'IHIIB\J



- 26 -

dB nialLnautla

sideband = 20log(v___,X)>»  <==-- (87)

L4

carrier 20

ret

' - o {
MANNIT (8T) V__, viludn peak tnaaﬂnn1zuﬂ111nanaqtwﬂﬁtnﬂtaa1(1L)

uasn1suﬂ1u§ﬁ§uqnaaﬂuauﬁ (1)

RrR2

—

v R1 “

VAR [\
n_\ /-“’ l/i

N Vref
/

o o P F's “ a
zﬂn 2.3.2.1 n1=uﬂ111nana4LWﬂalnﬁtna1uasn13uﬁ1uaﬂauqnaaﬂuauﬂ

v 1Y ﬂ v - o a a v
fnti v, tJueseiuduuniadaiieannaeud 1,1, niaudasla

b

V... = (I+# R, e (88)

- “o <4 '
V.Lﬁuﬂu"lﬂlli\mu?ﬂﬂﬂﬂﬂﬂ\mﬂ'ﬂ (peak to peak) 3IsHIRIA 2 in1Da9 an.

[ 3 ) - B ve
AIURL TIFIUITOLHHIUNTIAN V. LnAINNTSHA I,_,Ib 1aAa

V, = 2(I_+I)R, —==== (89)
Tan V__, 3c0npensatEiaTIdiumas R/R, mauun v, Feliuduna1 (87)
SN EEE
Sideband = 20log(I +IJR K~ =---- (80)
Carrier A

ref

v ' . . - ) - : d
Ta80 MR Sideband/Carrier HAMARNAWINNANLTIDIIILIWNISITNTALATINN

L 4y - .
At E1UTuANTR TasArmdAnaaiIaIITaanLIITRBMAL AL B = 58, Taain
(o« C ’
TIANAUIALITARLBAIZAANAUAS SB
SB = nx20xlog(®_/&__,) 8 - (91)

(3 -; - 4 Q' 4: v
788 n l.fluﬂ'm'mauaunaqw'nmaﬂugﬂ UAKATIAINTITIWNINITATANRIINARINIUY

. - 4 . K]
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8 (s) = K Vi(s)/s -

[1+(K°KdF(s)/s)]

- ¢ P R &
d1n1uuawnqnﬁu3ﬂua¢911un BqLnauawﬂawﬁnTwuﬁuaTunaqtﬂﬁ1ﬁ§a

Qo(s) = Seo(s) ——

v o ) ¢ -
aquuﬁun1191wnntaﬁnqnawnwanaquieau Vf A8

a_(s) = SK_Vi(s) ——

S + K_K,F(s)

v I's I's 4 's ' o a 4
QqﬂﬁNHWTﬁ1QuunfﬂulﬂﬂfaiﬂauﬁﬂﬂﬂqﬂﬂﬂlﬂﬁﬂwﬂﬁﬂuTQﬂuﬂuqﬂﬁﬂ

QO(S) = sKo -—
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3 M [l 4 ]
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v o fa (v a4 . ' 48 4. [
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1uunuasnaﬂ1nqnnﬁan11aanuuuqqaiuagtanﬁﬁu1ua1wun FM n18%un19n78318
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o d
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3.1 N1TRINTEI1BLABINYY FMLT]
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. [YR v 4 48 s d 't 4
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v t a 4 J . . -~ v [
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75 KHz TﬂﬂnnﬂunnuagLanﬁﬂniuﬁmmﬁmxRﬂqazuﬁdwunaquﬂ 50Hz-15KHz
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b

- 4 [ 1 er
RF auqntﬂiaq1u F¥ tn1nu 46 dBuv
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6.2 n1iaanuuuTuiianar(Protocol)22]

4 [y} 't ' - o
Luaoaﬂnn1Tdanagaﬂuizuuua1aﬂﬂa(broadcast) Lﬂun11aeia§a1unﬂnﬂ4taav-
(Simplex) Iu&170M1N17uNTaTAaN1T89B 1 (retransnission) 1§nwnqzuﬁ1nﬁaga
44\ v W 1 - -“ v v JQ [}
NHAWATA asﬂaqﬂﬁaﬁtﬂwinﬁLwaun1nna§anuaua1a (error correct code)ualunni
o «u¥ [Y] [Y) Py { » o v
wmu1uaquuqqauaanuuudQﬂaga 1aa17IuTATABNUILRAT IBM PC AT/XT #wTuiuza
EaTaadwu Asynchronons serial port:RS232 n11¥uﬁa§aﬁaqn11éq§aq5911uﬁu
{ o ] [Y) b [Y) - o & v
uzmﬂuﬁquaeuaazuwﬁtnﬁTaaawaqsLﬁunaﬁkuﬁuqLﬂuwwaﬂnagaﬂaqaaﬂauanniuauanﬂ

v [ [ Y [ o - { w
Hﬁﬂﬁﬂiﬂﬂ?ﬂQﬂﬂEﬁNﬁﬂﬂ QzﬁaﬁqﬁﬁQﬂﬂﬁﬂﬂﬂTﬂquﬂﬂiﬁﬁﬂﬂﬂﬂQTNTﬁﬁﬁﬂuﬂﬁlﬂﬂTLﬂWﬂ?B

FSK/PSK FM exciter ’ l FM FSK/PSK A
modul ator tunner 1 demodulator [ !uggr{‘onous
. Data Base Microcomputer
; IB8M—PC
Micro .

Computer

< o v < 4
Zﬂﬂ 6.2 uﬁﬂQﬂ11d§1ﬂﬂﬂ§ﬂ1ﬂﬂ1ﬂ191ﬁﬂﬂ“1lHBT

6.2.1 naTaanuyuuwAtna(packet)

zuuuunaquWRLnauﬁaq1ﬁﬂuzﬂ TaaTuuAALUSALNALTENAUAIE  RauR7 (header),

iaga,uazn11ﬂaaun11uﬁn(error detection)

/7
S0H SEQ DATA CS
/7
SOH = 1 byte
SEQ = 2 byte
CS: checksum =2 byte

d d vy v
Un 6.2.1.n udaquuntnan1ﬁﬁqna§a

d7un7 (header)

dufiniduiiis  SoH:start of head tTuAURYATIAUTAA ASCIT 01H,SEQ vl
. [ Y] s
packet sequence fMURTANIWIA 2 Tun

[} 1
AIUTBNA

4 (Y] s
f1TaanituuIaUwALAA twan11%#ﬂ1313ﬂunaqﬁaqﬁmm1u (Channel Utiliza-

tion) Lﬁu1uaéﬂq§q4nt115aqé1ﬁqﬁqnu1anaq over head TAVUWALNRUAZAIINRIRE
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o a a . ' bt
LﬁunuwﬁLnaazLnanw1uawana1aﬂnwidcuuu Simplex uﬁacawnw11ﬂﬂ7=13#ﬁnaeﬁaq
#oyanicChannel utilization):UL23]

U

(loss due to packet over head)x(loss due to error)

C(R+D)

p 1 - mm==- (1)

U

D+ H
D = ﬁﬁuauﬁagatﬂuﬁn1uuwaxna
H = 71u2uln over head TUUWALNA
E = avﬁudﬁnsLﬁuzaqﬁaga#Lﬁaﬁauaﬁaiaaﬁaaﬁnﬁvunﬁuﬂacdw
Error Free Interval : EFI
nﬁidqnauawﬁu Asynchronous port fauadni 1 start bit uas 1 stop
bit aaaﬁunuﬂauazuﬁa 8 bit aquuaﬁnaunﬁ1 (n quﬂﬁuvu over head Luaq

310 start bit uay stop bit fMuATAL A H,

H, = Dx (1 start bit + 1 stop bit)  ----- (2)
8
H, = D/4 )
4 <} v ter H
gun1Tn (1) taawladuuaey
U _ D (1 _ E)(D+H+H1 J
(D + H+ H)
- D (1 - E)(SILJD-I-)I _____ (3)
(5/4)D + H

v . v Jad v Y Y 1w
WIATIRIRTAIITRINIANR D nanqa m1la3an 2U/0D  uwainminanu 0

2

D- + 4HD + 41 = 0  meee- (4)

(=]
i

5 51n(1 - E)

~2H + /z}f - 5 e (5)
5 25 In (1 - E)

Taadﬁnuwanaqiagaﬁanﬁsﬂﬁﬂ1=1aﬁﬁnaeﬂaqimwﬂmuﬁae1aﬁqzﬂ 6.2.1.0

o
i
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1.0
0.9
0.8 7
0.7 -
0.6 - &
& “PSK 46 dBuv
0.5~ / A0 P j
0.4 — Jf, - “FSK 46 dBuv
%, %PSK 40 dBuv
0.3
“~FSK 40 dBuv
0.2 7
T | I [ ™ i i A
8 32 128 s12 2.0aAa8 0.102
i8 84 258 1.02a4a 4,098

zﬂﬁ 6.2.1.n Udaen1 11T Tagina e Hnin
Tﬂaaﬁnzﬂuﬁaqn111§ﬂ1315ﬁﬁnaqﬂaqﬁmmﬂm1unmsﬁ EF1 ﬁnuﬁaéﬂqqﬁu1a331nzﬂ
A1 Channel Ultilization ngqqﬂLﬂanuﬂanaquWﬂLnaﬁnu1QU1zuwm 1024 Un &
niuTntauuuy FSK uaz PSK ﬁﬂ11uu1qnaq§mmﬂm 40 dBuv uaz 46 dBuv SatuL Aan
nuﬁannﬂuaﬁ1ﬁa§anuﬂﬂ 100 1ufmTan1ma 1218 URALUYALARL AL 105 uNT 9z i
ﬂ?ﬂuﬂﬂ?uwﬂlﬂﬂﬁlnuﬂvﬁu

8.2.2 nﬂ1aanuuuﬁ1unaqa11ﬂdaua11u§a

dﬂﬂ?ﬂﬁnua11aﬁau91ﬂuﬁanaquwﬂLnanaqﬁaga \Tudaui1¥a i nana Thawana
naqnﬂquiagaﬁdq1ﬂﬁuﬂaqﬁmmﬂmTaaﬁ11Ua1ﬂ1§nﬂ1a11ﬂﬂauuuu Cyclic Redundan
cy’ Code:CRC LA INE A uLS R N1 TR TIRUUUNATINN 9L ATARR (Arthematic check
sum) Taaﬁagaﬁﬁaqn11dqﬁnuﬂa 8 DN AWITOUNUAIAIALATIMINLAN (Integer)
0 - 225 n1T1UTETaTE 08T a9 HUIAALUANA TINTIMNATLLNAL NATREIN 1 TR NN T
uantIaRasfiu udin1manTa (Modulo) 5861 M (Tagtdanan ¥ = 2°-1 wiatiu
A1 1’s Complement) 1aB31uwluNATI3RaY (check byte) tRantwNduIm 2 um
wiatnafy 16 DnciilalinauaaLduidsafiy crRe uﬂa1§ﬂu)iaawa11un10taﬂﬂ&ﬂﬁquua

4 ‘ v " e
uuﬂtnatuaua§1a515ﬁ1 M ual’szininy 0
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1/

1 n nt+1 i

/!

4 . '
zﬂn 6.2.2 udavAunueaae checksum byte
' { . .
nrmmaalunagI3daun AT A TRAA MR
. {
L : A3IN817729MWALNAI WU L Tun
1 e e q r's
B, : Atk ANNTuNnta 9
"J 4" . o ¢ [ I'Y)
B, B_,, unn1ERTIIHBUAITINEA (TABL TUARAMUATUNAILNANY 0 )

ieL

£ B Modt®d - (6)

1=1

<
i

i=L

g(L-1i+DBMd 2 - (7)

1=1

Q
i}

Tan C_, C, ifuwawinuiaianisuaatadis ﬁnwﬂ?uﬁﬂﬁa§a¥u1ﬁgnﬁa¢%qnua

A1 C_ weaTaRas M uRa3zhasinniiu 0 §ondviiu
(C_ + B_ + B_,,) Mod [M] o (8)
(L -n+ DB 4L - WB,,,- CoNodCHI= 0  =--m- (9)

{ -\
IINANN1T (8), (9) ﬁﬁuﬂ1nn11una1ﬁqﬁau911uua15

B, = {(L-mC, - c,)¥Modtwd == (10)
B_,, =1C, - (L -n+ HC IMod I =mmms (11)
. ) . { o
1 o= AUMEIntdaTiunRTIRHAY RIUTH

. A B ' - 4
n+l= AumeInidaniuna93day andaq

#78819N1TRTINUNALIR

n nt+1

e}
1]

dﬁuﬁuﬁaga

ANAUTZBIUWALNA

[y
i
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A = 65
B = 66
C = 67
D = 68
E = 69

£ o e
B _ TunRTIIRAUAIIUNARILTN

{ «ud
TUNRTIIA2UAIIHNKARINAAN

=
"

n+1

IR (6) Axlh
C, = (65+66+67+68+69+0+0) Modl2551 = 100
fun11h () awld
C, = (654 (65+66) +(65+66+67)+(65+66+67+68)+
(65+66+467+68+69))M0dl2551=230
1A €, C, HUMUANENNTH (100 Az 1RTUARTIAFAUAIINAARILTY

B [{(7-6)x100} - 230 1ModL[255]

n

1"

-130M0d[255]

= 125
. 4 v, { - d
1R €, C, HMINANN1IN (11 ETATUMATIRABUAIINNANHEY

B = [230-(7-6+1)x1001ModL255]

n+1

= 30

‘ b bl

d o de v te LW Y] ]
nnwa1uﬁaqnﬁ1a113ﬁau§a§an1u1aunwnﬂaaqn1a1un11a1aa1ﬁﬁun11n (8)

(C_+B_+B_, ) Mod[Ml =0

unug1 C_,B_,B ., Tudun11

+

[ 100 + 125 + 30 1Mod[255]

[2551M0dL2551= 0

1 gl (4
llﬁﬁﬁ?ﬂllﬂﬂlﬂﬁﬂﬂﬂgﬁgﬂﬂﬂ\l
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\ilaitaz i udadugin FH-SCA 31 Tuashaediiedwund dan Tunind en170anuunia
LANa1a3zhadLiu MSK Tuiannia QPSK TnLau?qn11aanuuuvqa1n1ﬂﬁnagLanﬁﬁaéq
g nTAETUNATAA TN ALRAIUNURIEINITTINIUATHY

uni 5 AMN1TEANUULLATEYNETAERTIN1THAWAIATASINTINEA BTN TA TR MR-

{ ' e Vo o
1RET TABAINITRUAASNATANA EFI‘Iauuuana1n'ln"maaﬂnwﬁawamna\zﬂnna\:‘mmu

i
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finclude (stdio.h)

$include (ctype.n)

finclude (dos.h)

¥include (conio.h

finclude <bios.hy

$include (graphics.h)

4define KB 0x9

#define CR Oxd

#define £5C 27

bdefine LPTI 0

#define PRINT 0

#define LPTSTATUS 2

fdefine JOERR (0x08

#efine PIA  Ox1b0

$define P18 Oxib1

$define PIC  Ox1b2

fdefine PICW Ox1b3

#define P3CO Ox1b8

Bdefine P3C! Ox1b9

$define P3C2 Ox1ba

ddefine P3CW Ox1bb

fdefine MAXAR  10%1024  /x10%1024 ¥/
$define MAXBLK 240 /x multiple of interval #/
#define MAXLNT 99

$define HRMAX 15

#define MAX 500 /% number point of x axis &/
char msgber(10]; -
Unsigned char  inout({veid);

void hardcopy (int left);

void restore_kb{);

static void interrupt far newkb(void);
static void {interrupt far %oldkb){void);
inkey {void);

static int blank=(;

unsigned char al;

unsigned char hourt,mint,sect;

unsigned char hour?,min2,secZ;

unsigned long x1,2x3 x4 x5X6,x7,x8.x3x10;
unsigned fong x8,x3,x10,x11,x12,x13,x14 x15;
unsigned long sum;

unsigned long cntbit;

unsigned long armaxa2;

fong bik;
A0020=(1,2,345,6,7,69,10,11,12,13,14,15,16,17,18,17,0};
unsigned int XhHRMAX];
unsigned short x[MAX];
unsigned short a3[MAXAR];
char msgber(10];

main()
A Bogin MaiN-
(

int i

unsigned char &

int ch;

clrser();

..._...*/



winber{};

setbik():

set_tm();

set_inf();

cldkb=getvect{XB);

sstvect{KB,newkb?;

ber();

¢ exit from measure ¥/

foonback:

cursoffl);

cirif2e);

2

ch=getch();

switch{ch){

case ’p"

=ase 'P"qotoxyl2,3);prinef("crinter " prt ycirl(8)break;
case '3

case "6 qotoxy(2,3);printf("graphics™);grapt yciri(Shbreak;
case '™

case "S"gotoxy(2,10)printfl “save data’);disks()clri{10)break;

i

}

while(ch = ESC);

curson(;

gotoxy(2,23);

printf{"are you sure to exit {Y/N) °};

if ((vesno{))== "N') goto loopback;

restore_kb();

¢lri{23);

gotoxy(2,23)

printf{ “terminate ");

}

/x end main 1/
set_inf{)

{

gotoxy(2.2);

gotoxy(2,3);

printf(* block = 100 bit ")
aotoxy(2,4);

printf{” total err= )
gotory(2,5);

printf(” blk count= )
textattr{0xf0);

gotory(20,26);

cputs(” press any key form stop measurement *);
textattr{Ox0f);/xback to normal mode ¥/

}
setblk()

{

extern long blk;

cotoxy(2,23);

printf{"setblk=");

scanf("$lu",4blK);
gotory(2,13);printf( "setblk=%lu’ bik);
}
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ber()

(

extern unsigned long armaxa2;
extern unsigned long sum;
extern unsigned long cnibit;
extern long blk;

axtern unsigned long a2{MAXAR],
extern unsigned short a3(MARAX];
unsigned char ¢;

unsigred long errposG;
unsigned char al[MAXART,

long ;

unsignad short x=G;/% far error zos count ¥/
long tempar;
sutporth(P1CH,0x8b);
autporth(P3CH,0x30);
cutports{P3CW,0x70Y,

ousporth{ PICW,0x30;;
gutporth(P2C0,axff);
qutporth{P14,0x86);

delay(s0};

outportb{P1A,0x0t);
autporth(P3C2,MAXLNT);

sum=G;

forlil; ¢ MAXARIH{

200,

}

al{0]=Ga2 (0]t
getory(2,20);printfl"bik=4lu" blk);
for (i=1;i¢=blk;i)

if (blank==1)
{

break;

c=inout();

if (60 && c(100)

(

allx]=;

al{x]=errpos;

xH [eincrease array ¥/
}

errposHy

SUM=SUMFC;

gotory(17.4);
printf("%lu" sum);
gotory({7,5);
printf("%lu" errpos);
}
outportb(P14,0x80);
rd_tm();
¢ntbit=100kerr pos;
gotony(26);
printf(" it count=%lu” enthit);
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for(] =0;j¢=MAXAR;j+){

?2[jl=a2[j+1]-a2[ﬂ:

textattr{0xfo);

gotexy(20,18);

cputs(”  wait for  array process )

textattr(Ox0f)/#back ‘o normal mode ¥/

i

dof

tempar=a2{j;

I

hwhile (tempar 20);

FE

temparsj;

for(j=0:j¢=tempar;j#+){
il

/x find Maxar2 ¥/
e
armaxa2=a2(j};
dof
if (armaxa2@{)e
armava2=a2{};,
N
Jias
}
while{j(=tempar);
& | for 22 x; for a3 y shoud find max valve in &2 before sort #/
textatir(OxfO);
gotoxy(20,18);
cputs(®  wait for  efi sorting "\
textattr(0x0f);/<back to normal mode ¥/
for{i=t:i¢zarmaxa2;i+(
for (j0;j (=tempar;j#){
if {a2{j}=i){
a3il=adfi]+;
}
}
}
taxtattr(0xf0);
gotoxy(20,18);
cputs(”  efi sorting aiready ")
tex:attr(0x0f):/%back to normel mode ¥/
gouoxy(26);
printf(" bt count=Klu” cntbit);

}
[tend ber ¥/
unsigned char incut{void)
{
asm mov dx,0162h
wait;
asm in aldx
asm and al,0th
asm cmp al,0th
asm jnz wait
asm mov dx,01b1h

= 1ol =
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asmin aldx
asm mov chyal
asm dec dx
asm mov al,05h
zam out dval
asm mov al0th
asm out dx,al
asm mev dx,0lbah
asm mov &l,082h
asm out dyal
return{_CH);

}

grap(}

extern unsigned short a3{MAXARY;

axtern unsignad char an{MAXAR];

axtarn char magber[10k

char ¢ty

unsigned long i;

crser();

rdfilar(); -

arrprol);

sortefit();
sortefi2();

printf{ "ber=");

scanf{ %" msgber);

printf("d=discreate plot,i=histogram,p=print ESC=axit\n");
dof

c=geteh();

switch(c){

case 'd":

case "D'dplot{);break; /¢ discreate plot #/

case '

case "H"histol);break;

case 'p:

case 'P"hardcopy(5);break;
}

Iwhile(c 1= ESC);
closegraph();
printf{"terminate\n");.
}x end grap ¥/
histol)

[% use sort efi 1%/

extern unsigned int h{HRMAX];

extern char msgber(l;

int x0,y0,yy,;

unsigned short xmax,ymax,a;

unsigned short t=0;

int arxmax,arymax;

float xstep,normy;

int cofset=6;

char msgo(J="BER=";

char Hmsgi{141z("100","%00", 6007, 1200", "2.4K ", 4.8K","96K",
'19.2K','38.4K','78.8K','153K','357K',"514K','1024K"};

char smsgIB1=(" *,0.1","0.2","0.3", 04,05,
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arint);

xmax=getmaxx();

ymax=getmaxy();

xstep=30;

x0=abs(xmax/10);

y0=10+abs{ 36 ymex/4});

outextxy(¥Or Ousteprootaet,y3-206,sq0) /¥ tel ber ¥/
outtexty(x0H Persteproofses,y0-238msqber /¥ ber 3/
lire{x0,10,40,0);/% vertical axis ¥/

for(t=1:t¢=5; )

outtextey(x0,y0-{508t),""); /¢ xscale/10xscale in sort efit ¥/

{

settextstyle(2,0,4):/% set for a smal text ¥/
outtextey(3%C,y0422,"Bits pericds’y;
outtextxy{x0-60,y0-255,"Pred™;
for{t=0ite=h;thl

cuttexoxy(x0-25 y0-t6C-5,msg! it

}

for(t=Gtczt4ty
outtextxy(x0H txatep reofset,y0sz mse1 {t);

!
lire{x0,y0xGH40,y0)/ horizental axis ¢/
xl=xG;
far{t=fne B
el (E-1) s tep)34;
yy=xh(ts
lir{xOhax,y0,Chx,Y0-yY
line b yO-yy Xl y0-vy
line!xhy0-yy X\,y0);
xl=x0re;
}
} end histogram plot ¥/
dplot{)
{
[t use sort fi 2 ¥/
extern unsigned short 1[MAX];
extern char msgber(];
int x0,y0,xx;
float yy,y00;
int comp=2; /% compensate for merk scale ¥/
int sep2; /% sep separate each point by 2 ¥/
int temp;
unsigned short xmax,ymax,g;
unsigned short t=C;
int arxmax,arymax;
float xstep,normy;
char msgQ[1="BER=";
char tyvalls] = { * °,"%8","50","75","100°),
char wval[26] = " 5K, M0K",BK ", 20K, 25K, 30K, 38K,
"40K','45K','50K','55K','50K',"65K','70K','75K','80K',
'85K',"90K','95K','100K','105K','110K','115K','120K',
"BKE:
grint(};
xmax=getmaxx();
ymax=getmaxy ()
x0-abs(xmax/10};



xstep=t;

y0=10+abs(3H ymax/4));

yo0=y0-1C;

normy=y00/100;

temp=MAX-100;

line(x0,10%0,y0); /% ver axis ¥/
line(x0,y0,x0+temp,y0): /% Hor axis ¥/

/% scale of ver axis ¥/

for(t=tatebas)

suttextxy (x0-6,y0-{ tRly00/4} ) comp, " );

}

outtexbry(x0<300,yC-205,msg0); /% tel ber-¥/
outtextxy(x0+330,y0-208, mscber ),/ ber ¥/
settextstyle(2,0,43:/% set for a small text &/
outtextxy{Sxi0,y0425, Bits periods™);
for{t=; =4t

2 outtarbry(x0-28,yG-{t& 00/ 414,y vailedl;
}

for(t=D¢=00t4)
Guttexty(xCHE(MAX/25)-4 v0r10xvallt]:

1

i

setiextstyle(2,1,4):/% sat for - inverse directicn ¥/
for(t=0:1¢21 ;)
outtexbey(XOHtH(MAK/25)5,46-2,");

3

rit0t¢=temp/sep;tr)l /% MAX number point of x axis ¥/
Yu={sepribustep 2 /% sep separate each point by 2 ¥/
yy=abs(x{tincrmy);

line(xChxx, YO X080,y 0y );

}

3

f
sortefi2()
{
extern unsigned short x[MAX];
unsigned short i,j,n;
int group=5; /* number of each group 55100 bit-#/
for(j=0 ;j¢MAX;jH(
1S
for{i=1:i<=group;it+){
n={groupt]);
Xil=xTrad[n];
}

}
for(i=;i¢-180i)
printf(“%d\t"x{il);

[

}
}Hend sort efi 2 ¢/
grint()
{
int grmode=1;
int grresult;
initgraph{&grapdrv,kgrmode,”);
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g

sortefi1()

{

extern unsigned long x1,x2x3x4X5.X6,X7X8x3x10;
extarn unsigned long x8x3, 101 1x1Zx13x14x15;
extern unsigned short ad[MAXAR];
gxtern ursigned char an{MAXAR];
extern unsigned int xh{HRMAX];
float xxh[HRMAXT;

ficat xhmax=0)

unsigned int xscale=500;
unsigned short i;

yhiilzadlt);

{2tz ]ealf3];
xh(3]=23(¢}tad{5]racf6];

w4

for(i=T;i (=12

xexdtadfil

1

I

xh{d]=xd;

x5,

for(i=tdic24i+)E

Bl

}

(1=,

=1

for(i=25;i¢=48 i)

x6zx6+a3(i];

}

xh{5]=6;

X,

for{i=4%: ¢=36;1++){

T3

}

M=

X80 .
for(i=9T:i¢=192:i++)
A

¥8=xg+ad(i];

}

xh{8)=x8;

=18
for(i=193:1¢304:i+){
peoeikiiIN

}

Yh{a]=x8;

x10=0;
for(i=385;1(=788;i+4)

x10=x104a3(i;

}

xh{10}=x10;

MBI

for i=789;1¢=1536;1+)
{

w1=xi 143

}
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],

1120,
for{i=1838;i(=3672i+
{

s2xzayil

i

{121z,

X130
for(i=06721¢5144:iH)
{

1334l

1

!

{13]13;

xid=G;
Sarlif 1451 (1003844
Alaxthsadil;

SULIEALS

for(i=tiC1+)
xhmax=ximax+xhiil
}

for(i=tic=t4is)
xxh{iJ=xh{il/xhmax;

1

i

forfi=t:i¢=14i+)
xhlilzabs{xshfilxescale);

for(izt:ic=1d;it){
orintf( "x=%f\n"xh(i]);

}
}x end sort efi 1%/
arrprof)

{
extern unsigned char a3{MAXARTY
unsigned short i;
unsigned long xt=G;
unsigned long xd=0;
float xav;
for(i=1:i¢=-MAXARI=i+1)

{
if (a3(i] &= 0)
wt=xtrad{ilH;
yd=xd+a3{il;
}
}
xavaxt/xd;
printf{“xav=%f\n" xav};
getch();
} fx end arr process ¥/
disks{)
(
extern unsigned char hourt,min,sect;
extern unsigned char hour2,min2,sec2;
extern unsigned long a2(;
extern long blk;
extern unsigned long sum;



extern unsigned long cntbit;
gxtern unsigned long armaxaz;
FILE *fp;

nt e

unsigned shart i;

char name(3};

cursoni);

qotoxy(2.23);

printf{"anter file name tc save "}
scanfl"¥8s. name);

cursoffl;
if({fp=fopen{name,"s " })==NULL){
ciri(23);

textattr{Oxsf),

gatoxy(2,23);

orintf("file error °);

forlisi @it

aelayt200%

!

taxtattr{Gx0f);

cri{23);

return ;

}

gotoxy(2,22);

orintfl” cave BER (1) save BER/EFT(2}°);
whilel(c=geteh{)) 1= ' 88 ¢ 1= '7)
putchar(’\a);

}
iflc==1"}
forintf(fp,” the bit error rate\n”);
fprintfifp,” start time =Xusuu\n",hourt,mint,sect);
forintflfp,” stop time Xussuu\n",hour2,min2,sec2);
forintf{fp,” bit err  =Hlu\n”,sum);
forintf(fp,” bit count =Klu\n" cntbit);
}
glse{
forintflfp," the bit error rate\n’);
fprintfifp,” start time usuu\n" hourt,mint,sect);
fprintfifp,” stop time KusuKu\n" hour2,min2,sec2);
forintf(fp,” bit err  =Hlu\n”sum);
fprintf{fp,” bit count =kfu\n"cntbit);
forintf(fp,”  EFL  number of EFE\n');
for(i=t;i¢HAXARi#+){
if (a2} > 0 )

forintf(fp;"%lu\n",a2(i1);

1

}

}
fclose(fp);
¢lriaa);
gotoxy(223);
printf(* save ready °);
for(i=0ic12i+)
}
clri(23);
}
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ortl)

{

extern unsigned char hourt,min,secl;
axtern unsigned char hour2,min2,secl;
axtern unsigned long a2{l;

extern fong blk:

extern unsignad long sum;

axtern unsigned long cnthit;

extern unsigned long armaxa2;
unsigned char status;

unsigned short i;

int ¢

status=biosprint{ LPTSTATUS,G,LPTY);
status={TOERRastatus);

if {status==ICERR){

textattr(Ox8f);

gotoxy(2,23);

printfl” error printer "),
forli=0yi<+

textattr(Ox0f);

irl(23);

return G

}

gotoxy(2.23)

printfl" print 8€R (1) print BER/EFI (D) 7}
while{(c=getch)) =1 &8 ¢ =2
putchar{"\a);

}
iffc=="1"){
forintf{stdprn,” the bit error rate\n’};
forintf{stdprn,” start time =$u:¥uu\n",hourt,mint,sect);
fprintfistdprn,” stop time usuu\n" hour2min2,sec2);
forintf(stdprn,” bit err  =%lu\n",sum);
forintf{stdprn,” bit count =hu\n",cntbit);
}
elsef
forintf{stdprn,” the bit error rate\n');-
forintfstdprn,” start time =¥uuu\n",hourt,nint,sect);
forintf{stdprn,” stop time  =¥u5u:Xu\n",hour2,min2,sec2);
fprintf{stdprn,” bit err  =%lu\n",sum);
forintf(stdpen,” bit count =%fu\n",cnthit);
forintf(stdprn,”  EFL number of EFT\n);
for(i=t:i¢=MAYAR:i+){

if{ 2201 ) 0 X

forintf(stdprn,"\tsd",220i1);

}
}

}
crl2a);
}

arin)
gotoxy(2,n);

printf{’ %
}
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set_tm()

(

extern unsigned char hour?,mint,sect;

union REGS regs;

char ch,cl,e;

regs.h.ah=0x2c;

int85(0x21,4rags, dregs);

houri=regs.h.ch;

mini=regs.h.cl;

sect=regs..dh;

gotoxy(2.2);”

printfl"currunt tie =%d:4d:5d" hourt,mint,sect)
gotoxy(2,3);

printf("you want to set new time (¥/n)? )
iff{yesnol)) ="'}

sattime:

gotony(2,4);

printf{“hh:mm:ss\n"};

otory(25); '

printf{"set time=");

scanfl Sukcyuciu” shourt ct, &mint 8c2, dsect);
if{ct 1= 1 e2 =) oto sattime}

i hourf23 ! mint)s3 1 sact}39)(goto settime;}
regs.h.ah=0x2d;

regs.h.ch=hourt;

regs.h.cl=mint;

regs.n.dh=sect;

regs.hudi=G;

int86{0x21,regs,kregs};

cursoff(;
printfl” starting time %d:%d:%d" hour1,mint,sect);

}

rd_tml)

{

gxtern uqsigned char hour2,min2,sec;
union REGS regs;

rags.h.ah=0x2c;
inta6{0x21, Aregs, kregs);
hour2=regs.h.ch;

min2=regs.h.cl;

sec2=rege.hdh;

gotoxy(27);

printf{" stop time =%d:%d:%d" hour2,min2,sec2);
textattr{0x70);

gotoxy(10,25);

- lod -

cputs("printer:p  save diskss graphics:g  exitEsc °);

textattr(Ox0f):/%back to normal mode ¥/

yesno()

{

register int ¢;

while{(c=toupper{getch() = 'Y 8& ¢ 1= 'N)
putchar("\a');

return ¢;

}



winber()

{

clrser();

box{1,1,78,24);

textattr(Ox70);

gotoxy(20,25);

cputs(“start bit grror measurement’;
textattr(0v0f);/%back to normal mode ¥/

}

box(int xul,int yul,int xir,int ylr)

{

int i;

char hz=t%;char vt=79;char ul=218;char ur=18t;char Ir=21T;char 11=192;
gotoxy (xul,yul ;for(ixuli¢=xir;i+) putch(hz);
gotoxy(xul,ylrkfor(i=xuli¢=xir;is+) putch(hz);
for{i=yul;icylrist){
qotoxy(xul,i;putch{vt);qotoxy(xir,i};putchivt);

}

qotoxy (xul,yul);putch(ul); gotoxy(xIr,yul);putchlur);
- gotory(xir,yIr};putch{ir); gotoxy(xul,ylr);putch(ll);
}I

curson()

_AH=0x0t;_CH=0x0b;_CL=0x0c;geninterrupt(0xi0);
}

cursoffl)

{
_AH=0X01; _CH=0x0f;_CL=0x0f;geninterrupt{0x10);
}

static void integrrupt far newkb()

¢
(voldkb));
blank=1;

}
void restore_kb()

{
if (oldkb 1=NULL){setvect(kB,oldkb);}

inkey(void)

{

asm mev ax,0000
asm int 16h
return(_AL);

} »



nIR6UN A

- s - 4
1ﬂ1un1aaaau1taa1ﬁ1u1uunn 6.2

{% program transmision test packet ¥
#include <dos.h

finclude (math.h

main()

(
char m{105]={"-abcdefghiikimnoGpqrstuvwxy212345678%0abcdefghi”
" Kimnopgrstuvixyz1234567890abedefohijkimnoparstuvwxyz'};
buad_rate();
fine_control();
cirscr();
printf("Transmit.Packet 105 byte\n");
packet_dataim);

}
packet data(m)  /# packet construct ¥/
char m[i0};

char ch[100];
int a,0,,d,e,n,i%;
e=i0;
for(:)
g
a={Oxd40re);
b0,
i0;
n{;
x=0;
for(;;){
if(i=0){
chi=0nd0;

}
iffi=1) {
chlile
}
iffi=2){
chlil=mink;
a=aich(il;
b=bte;
if{mnl=\0)
¢=mod_check(a)-mod_check(b);
d=mod_check(b)-{2mod_check(a));
chlil-mod_check(c);
ch{i#1}=mod_check(d);
x=atmod_check(c)mod_check(d);
printf("\n%d.%d\n" x,mod_check(x));
break;

1
} [t end for ¢/
transmit_datalch,i);
if{kBhit{))break;
} £ end for 8/
}

-z
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transmit_data(ch,i) /% send data to recaiver ¥/
char ch{108;
inti;
{
int nG;
for(n=0;nd=itim
outportb(Ox3f8,chinl);  /* transmitter holding REG, ¥/
printf("%¢"chind);

} [x end for ¥/
}
mod_check(x) J¥ calculate modulo 255 ¥/
int x:
[ ifto<0)
return(fmod{x,258));
glse
return(fmod(x,255)#255);
}
buad_rate() /¢ determind buad rate &/
outport{0x3fb, 0xe0); J% set DLAB=1 &/
outport{0x3f8,0x18);
outport(0x3f9,0x00); /% set baud rate 4800 ¥/
line_controi() J¢ determind parameter line control ¥/
{
cutport{0x3f,0x3f); /% set line contrcl REG. ¥/

} /% even parity,2 stop bit,word length 8 bitk/
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/% program  receive packet ¥/
$includedstdio.h
fincludedmath.h

main()

{

buad_rate();
fine_control();
clrser();

printfl" receive.\n");
receive_data();

receive_data() /¥ reccive data from receive data reg ¥/
{

char ch{105%

int i,p,h.h;

i=0;

0,

hd;

for(;:)(

if{(inportb(0x3fd)50x01)==1){ /* check line status ¥/

iH;

p;
chlil-inport{0x3f8), /% receive data from port ¥/
if{chlil¢=-1){

p= 25atch(il);

}

iflch[iD0N
;mh[i];

hehtp;

ifti==32)(
for{n=t;n¢zinH){
printf{ "%c” chln]);

}

printf{"\n¥d . %d\n"h,mod(h));
i,

p;

h;

}

}
if kbhit{))break;
} [%end for ¥/

}
buad_ratel) /¢ determind buad rate ¥/

outport{Ox3fb,008);, /¥ set DLAB=t ¥/
outport{0x3f8,0x18);
outport{0s3f9,0r00); /¢ set baud rate 4800 ¥/

!

fine_control() /¥ determind parameter line control ¥/
{
outport{Ox3fb,m3f); /¥ set line control REG. %/
} [% even parity bit,2 stop bit,word length 8 bit ¥/
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mod(x) /* calaulate modulo 255 ¥/
int x;
(
if(x)=0)
return(fmod{x,255));
glse
return(fmod(x,255)+255);
}
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L M565/LM565C Phase Locked Loop

General Description

The LM565 and LMS565C are general purpose phase focked
loops containing a stable, highty linear voltage controlled
oscillator for fow distortion FM demodulation, and a double
balanced phase detector with good carrier suppression. The
VCO frequency is set with an external resistor and capaci-
tor, and a tuning range of 10:1 can be obtained with the
same capacitor. The characteristics of the closed loop sys-
tom—bandwidth, response speed, capture and pull in
range—may be adjusted over a wide range with an external
resistor and capacitor. The loop may be broken between the
VCO and the phase detector for Insertion of a digital fre-
quency divider to obtain frequency multiplication.

The LM565H is specified for operation over the —55°C to
+125°C military temperature range. The LM565CH and
LMS565CN are specified for operation over the 0°C to
+ 70°C temperature range.

Features

» 200 ppm/°C frequency stability of the VCO

m Power supply range of +5 to %12 volts with
100 ppm/% typical

® 0.2% linearity of demodulated output

u Linear ftriangle wave with in phase zero crossings
available

® TTL and DTL compatible phase detector input and
square wave output

® Adjustable hold in range from +1% to > +60%

Applications

a8 Data and tape synchronization
u Modems

® FSK domodulation

n FM demodulation

u Frequency synthesizer .

s Tone decoding

= Frequency multiplication and division
u SCA demodulators

m Telemetry receivers

| Signal regeneration

® Coherent demodulators

Connection Diagrams
Moetal Can Package

TIMING
CAPACITOR

TIMING
RESISTOR

VL0 CONTROL

VOLTAGE
REFERENCE
oyreut
PHASE COMPARATOR
VCO INPUT
TUH/T853-2

Order Number LM565H or LM565CH
See NS Package Number H10C

Dusi-In-Line Package

Vee LI
PHASE
- E“f"’ -3 we
3 12
INPUT = b— e
vco 4 I 11
outPuT ~ veo e
PHASE COMPARATOR __5 LI
VCO INPUT [ R <«
REFERENCE € —L 9 TIMING
ouTPUT =] " caraciton
V€O CORTROL __7 8 __Tming
VOLTAGE | RESISTOR

TUNTESIg |
Order Number LM565CN {
See NS Package Number N14A

!
|
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Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
contact the Natlonal Semiconductor Sales Office/

Operating Temperature Range
LM565H

—-55'Cto +125°C

Distributors for avaitability and specifications. LM565CH, LM565CN 0°Cto +70°C

Supply Voltage . 12V Storage Temperature Range —65°Cto +150°C

Power Dissipation (Note 1) 1400 mW Lead Temperature (Soldering, 10 sec.) 260°C

Ditferential Input Voltage v

Electrical Characteristics Ac Test Circuit, Ty = 25'C,Veg = 6V

Parameter Conditions LMS6S LMS6SC Units
Min Typ Max Min Typ Max
Power Supply Current 8.0 125 8.0 125 mA
Input Impedance (Pins 2, 3) —4V < Vp, V3 <OV 7 10 5 kQ
VCO Maximum Operating Gy = 2.7pF 200 500 250 500 KHz
Frequency
VCO Free-Running Co = 1.5nF
Frequency Ro = 20k} -10 0 +10 | —-30 0 +30 %
fo = 10kHz

Operating Frequency _ _ .
Temperature Cosfficient 100 200 ppm/°C
Frequency Drift with 0.1 1.0 02 | 15 %IV
Supply Voltage
Triangle Wave Output Voltage 2 24 3 2 24 3 Vpp
Triangle Wave Output Linearity 0.2 0.5 %
Square Wave Output Level 47 5.4 47 5.4 Vop
Output Impedance (Pin 4) 5 5 kQ
Square Wave Duty Cycle 45 50 55 40 50 60 %
Square Wave Rise Time 20 20 ' ns
Square Wave Fall Time 50 50 ns
Output Current Sink {Pin 4) 0.6 1 0.6 1 mA
VCO Sensitivity fo = 10 kHz 6600 6600 Hz/V
Demodutated Output Voltage +10% Frequency Deviation 250 200 400 200 200 450 WVpp
(Pin7)

. Total Harmonic Distortion 1 10% Fraquency Deviation 02 0.75 0.2 15 %
Output impedance (Pin 7) I a5 a5 kQ
DC Level (Pin7) 4.25 4.5 4.75 4.0 45 5.0 \'
Output Offset Voltage 30 100 50 200 mv
V7 = Vel
“Temperature Drift of [V7 — Vg 500 500 pV/°C
AM Rejection 30 40 40 d8
Phasa Detector Sensitivity Kp [ 68 68 V/radian

Note 1: The Junct of the LM565 and LM585C Is + 150°C. For operation at ss; devices In the TO-5 package must be

deraied based on & m«mll rulaunco of +150°C/W Junction to smblant or +45°C/W Junction o cass. Th-rmll resialance of the dual-n-ine package Is

+85°C/W,
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LM565/LM565C

Typical Performance Characteristics

Power Supply Current as a Lock Range as a Function
Function of Supply Voltage of Input Voltage VCO Frequency
100 -
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Applications Information
In designing with phase locked loops such as the LM56S,
the impontant parameters of interest are:
FREE RUNNING FREQUENCY

0.3
Ro Co
LOOP GAIN: relates the amount of phase change between
the input signal and the VCO signal for a shift in input signal
frequency (assuming the loop remains in lock). In servo the-
ory, this is called the “velocity error coetficient.”

1
L in = K, -—
oop gain oKD (sec)

fo =

radians/sec
Ko = oscillator sensitivity (-——)

volt
volts

Kp = phase detector sensitivi (—-———)

D=P vy radian

The loop gain of the LM565 is dependent on supply voltage,
and may be found from:

3361,
Ve
fs = VCO frequency in Hz
V¢ = totai supply voltage to circuit

Loop gain may be reduced by connecting a resistor be-
tween pins 6 and 7; this reduces the load impedance on the
output amplifier and hence the loop gain.
HOLD !N RANGE: the range of frequencies that the loop will
remain in lock after initially being locked.

Ko Kp =

t, = free running frequency of VCO
Ve = total supply voltage to the circuit

THE LOOP FILTER

in almost all applications, it will be desirable to filter the
signal at the output of therphase detector (pin 7); this filter
may take one of two*forms:

Simple Lag Filter
*Vee
10

Al = 3.8

LMS4S

TL/H/7853-11

Lag-l.ead Filter

I *Vee
16 c1

c2
A1 = 3.6k A2

LMS65

N TL/H/7853~12

A simple lag filter may be bised for wide closed loop band-
width applications such as modulation following where the
frequency deviation of the carrier is fairly high (greater than
10%), or where wideband modulating signals must be fol
lowed.

The natural bandwidth of the closed loop response may be
found from:
— l_ Ko Kp
n 2w H1C|

Associated with this is a damping factor:

s=i 1
2 VR CiKoKp

For narrow band applications where a narrow noise band-
width is desired, such as applications involving tracking a
sfowly varying carrier, a lead lag filter should be used. In
general, if 1/R4Cy < K4 Kp, the damping factor for the loop
becomes quite smait resulting in large overshoot and possi-
ble instability in the transient response of the loop. In this
case, the natural frequency of the loop may be found from

1 ' KoKp
fn = —[———
2 Nty + 12
71+ 12 = (R +R)Cy
Ry is selected to produce a desired damping factor 8, usual-

ly between 0.5 and 1.0. The damping factor is found from
the approximation:

8= mwrafy
These two equations are plotted for convenience.

Filter Time Constant vs Natural Frequency

1% 5 =:
. FHKoko i
1 /RAD
1IN i m)
_w B pa\
T ~ Ny
= N
N LIN | INE
0 e s Vllis
== (s =i
A Nt
107
0 NN
1604w 10?2 1 10
1y ¥ 13 {sec)

TU/H/T853-13
Damping Time Constant vs Natural Frequency

W erEme—

DAMPING F-
N RATIO  TT]
\ I
19 % =2
= — ==2
s ‘j =g}
- ]
LY
w N 107
T S\
N
w ml N
tet 10? 102 w'

TUH/7853-14

Capacitor C; should be much smailer than C, since its func-
tion is to provide filtering of carrier. In general C; < 0.1 Cy.

OG9SWT/59SNT
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ORDERING INFORMATION

Device Temperature Range = Package
MC1495L 0°C to +70°C Ceramic DIP
MC1595L -55°C lo +125°C Ceramic DIP

MC1495L
MC1595L

Information

Specifications and Applications

WIDEBAND MONOLITHIC
FOUR-QUADRANT MULTIPLIER

. . . designed for uses where the output is a linear product of two
input voltages. Maximum versatility is assured by allowing the user
to select the level shift method. Typical applications include: muiti-
ply, divide®, square root”, mean square”, phase detector, frequency
doubler, balanced modulator/demodulator, electronic gain control.

*When used with an operational amphfer.

Wide Bandwidth

Excellent Linearity — 1% max Error on X-lnput, 2% max Error on
Y-Input - MC1595L

Excellent Linearity — 2% max Error on X-Input, 4% max Error on
Y-Input — MC1495L

Adjustable Scale Factor, K

Excellent Temperature Stability

Wide input Voltage Range — + 10 Volis

+ 15 Volt Operation

LINEAR FOUR-QUADRANT
MULTIPLIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 632-08

FIGURE 1 — FOUR-QUADRANT

MULTIPLIER TRANSFER CHARACTERISTIC
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MC1495L, MC1595L
ELECTRICAL CHARACTERISTICS (V* = +32V,V~ = -15V,Tp = +25°C, i3 = 43 = 1.0mA, Ry = Ry = 15k,
Ry = 11 ki) unless otherwise noted)
Characteristic Figure Symbol | Min Typ Max Unit
Linearity: 5 %
Qutput Error in Parcent of Full Scale:
Tp = +25°C
=10 <V < +10{(Vy = =10V) MC1495 ERX — =1.0 +2.0
MC1595 —_ *0.5 *1.0
—10<Vy < +10(Vx = =10V} MC1495 ERY - 20 *40
MC1595 _— *=1.0 +20
TA = 0to +70°C MC1495
10 <V < +10{Vy = 210V) Erx - *15 -
~10<Vy < +10(Vx = +10V) ERy — 3.0 —
Ta = —55°Cto +125°C MC1595
—10<Vx < +10(Vy = =10V) ERX - +0.75 —
—10<Vy < +10(Vx = =10V) ERy — =15 —
Squaring Mode Error: 5 Esq %
Accuracy in Percent of Full Scale After
Offset and Scale Factor Adjustment
TA = +25°C MC1495 -_ +0.75 -
MC1595 -— v 05 —
Ta - 0to +70°C MC1495 + 1.0
Ta - 55"Cto 1125°C MC1595 —_ *0.75 —
Scale Factor {Adjustable) - K - 0.1 —_
2R,
K = et
( 13 Rx RY)
Input.Resistance MC1495 7 Rinx — 30 — M0
{f = 20 Hr) MC1595 _ 35 -—
MC1495 RINY - 20 -
MC1595 —_ 35 —_
Differential Output Resistance {f = 20 Hz} 8 Ro - 300 —_ k0
°{ Input Bias Current 6 pA
llg + 2} lig_+ 1g) MC1495 ! - 20 12
the = My = bx 5
bx 2z oy 2 MC1595 - 20 8.0
MC1495 Iy _ 20 12
MC1595 —_ 2.0 8.0
Input Offset Current 6 pnA
llg = hal MC1495 Moxl - 0.4 2.0
MC1595 —_ 0.2 1.0
Vg - tgl MC1495 Htioy! - 0.4 20
MC1595 — 0.2 1.0
Average Temperature Coeflicient of 6 ITCriol nA”C
Input Offset Current
{TA = Oto +70°C) MC1495 —_ 25 -
{TA = —55°Cto +125°C) MC1595 - 25 -
Output Offset Current MC1495 6 flool 20 100 pA
Ma-1al MC1595 - 10 50
Average Temperature Coefficient of 6 [TCiool nASC
Qutput Offset Current
{TA = O to +70°C) MC1495 - 20 —_
{Ta = —55°C to +125°C} MC1595 - 20 —
Frequency Response 9,10
3.0 dB Bandwidth, Ry = 11 k(} BWags | — 30 —_ MHz
3.0 dB Bandwidth, Ry = 50 1 {Transconductance Bandwidth) Tew3ds| — 80 —_ MHz
3° Relative Phase Shift Between Vy and Vy fa - 750 — kHz
1% Absolute Error Due to Input-Output Phase Shift fo —_ 30 —_ kHz
Common Mode Input Swing MC1495 n CMV =105 212 — Vdc
{Either Input) MC1595 =115 =13 —_
Common Mode Gain MC1495 n Acm -40 -50 —_ ]
(Either Input) MC1595 -50 -60 —_—
Common Mode Quiescent 12 Vo1 - 21 -— Vde
Output Volitage Vo2 — 1 —
Differential Output Voltage Swing Capability 9 Vo - *14 — Vpeak
Power Supply Sensitivity 12 s+ - 5.0 —_— mviv
S~ - 10 -
Power Supply Current 12 17 - 6.0 7.0 mA
DOC Power Dissipation 12 Pp -_— 135 170 mw
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MAXIMUM RATINGS (T4 = +25°C unless otherwise noted)
Rating Symbol Value Unit
Applied Voltage eV .4 Vde
Va-Vy, Vig-Vy, Vi-Vg, V1-V42. V1=Va.
Viy=Vg, V12-V7, Vg=V7, Vg—V3, V4-V3)
Ditferential Input Signal Vi2-Vg 2(6+1y3Rx) Vdc
Va-Vg 2(6+13 Ry) Vdc
Maximum Bias Current 13 10 mA
13 10
Power Dissipation (Package Limitation) Pp
Ceramic Package 750 mwW
Derate above T = +25°C 5.0 mwW/°C
Operating Temperature Range Ta °c
MC1495 Oto 170 °c
MC1595 -55to +125
Storage Temperature Range Tsig -65 10 +150 %¢
TEST CIRCUITS

FIGURE 4 — LINEARITY {USING NULL TECHNIQUE}
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MC1495L, MC1595L

TEST CIRCUITS (continued)

FIGURE 12 — POWER SUPPLY SENSITIVITY FIGURE 13 - OFFSET ADJUST CIRCUIT
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ERAQRA, PERCENT OF FULL SCALE (%) ERx. EQY. LINEARITY (%}

Vx| OR [VY|, MAX (Vpeak}

TYPICAL CHARACT

FIGURE 15 — LINEARITY versus TEMPERATURE

ERISTICS

FIGURE 16 — SCALE FACTOR versus TEMPERATURE
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TEST CIRCUITS lcontinued)

FIGURE 6 — INPUT AND OUTPUT CURRENT
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ORDERING INFORMATION

Devies Termperstwre Ronge Pockegs
WCleD $0-14
MCHNG Metal Can

oCw »70°C
wlon Caramic O
L4l 4 Prasie DP
MCIS98G Metal Can
-55'Clo ¢ 125°C

L4t Caramic DIP
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MC1496
MC1596

Specifications and Applications
Information

design information.

BALANCED MODULATOR! DEMODULATOR

. . . designed for use where the output voltage is a product of an
input voltage (signal) and a switching function (carrier). Typical
applications include suppressed carrier and amplitude modulation,
synchronous detection, FM detection, phase detection, and chopper
applications. See Motorola Application Note AN-531 for additional

e Excellent Carrier Suppression — 65 dB typ @ 0.5 MHz

- 50dB typ @ 10 MHz

® Adjustable Gain and Signal Handling
e Balanced Inputs and Qutputs
® High Common Mode Rejection ~ 85 d8 typ

BALANCED
MODULATOR/DEMODULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

I SCORHT
g 10w,

FIGURE 1 ~
SUPPRESSED-CARRIER
OUTPUT WAVEFORM

FIGURE 2 —
SUPPRESSED-CARRIER
'SPECTRUM

FIGURE 3 -
AMPLITUDE-MODULATION
OUTPUT WAVEFORM

G SUFFIX
METAL PACKAGE
CASE 603-04

0, * Signal
Input

Gain Adjust

+ Output
Bias {Top View)

L SUFFIX
CERAMIC PACKAGE
CASE 63208

D SUFFIX &
PLASTIC PACKAGE T~
CASE 751A-02 '
S0-14
P SUFFIX
PLASTIC PACKAGE
CASE 646-06
"
1
+ Signal
Input b VEE
Gain Adjust (3} s} NC -
Gain Adjust —Output
- 5'3903‘ n kg nC
%e:: Carrier Input .
Ni
# Output 5y + Carrier )
NC Input (Top View)

FIGURE 4 - AMPLITUDE-MODULATION SPECTRUM
15~ Ty

10 B0 MM

43%uM}  500MMs  50tENE
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MC1496, MC1596

MAXIMUM RATINGS® {TA = +25°C uniess otherwise noted}

Rating Symbo! Value Unit
Applied Voltage av 30 Vde
(Vg =~ V2.Vg - V1. Vg =~ V2. Vg - Vg, V7 - Va. V3 - Vy,
Vg - V4. Vg ~ Vg, V2 - V5. V3 - Vg)
Differential Input Signat Vy - Vg +50 Vde
Vqa-Vy ={5+I5Re}
Maximum Bias Current is 10 mA
Thermat Resistance, Junction to Air Raja oW
Ceramic Oual In-Line Package 100
Ptastic Dual In-Line Package 100
Metal Package 160
Operating Temperature Range Ta “C
McC1496 Oto + 70
MC1596 68510 + 125
Storage Tamparature Ranga Tsig 65to + 1501 °C
ELECTRICAL CRARACTERISTICS® (Vee = + 12 Vde, VEE 8.0 Vde.ls 1.0 mAde, AL = 3.9 k), Rg = 1.0 kY,
Ta = +25°C unless otherwise noted) [All input and output characteristics are single-ended unless otherwise notsd.}
MC1596 MC14%6
Characteristic Fig. | Note | Symbol | Min | Typ | Max | Min | Typ | Mex Unit
Carrier Feedthrough . 5 1 Verr aVirms)
V¢ = 60 mV({rms) sine wave and fc = 1.0kHz —_ 40 — — 40 -—
offset adjusted to zero fc = 10 MRz — 140 -— - 140 -
Ve = 300 mVp-p square wave: mVirms)
offset adjusted to rero fc = 1.0kKz — 1004 02 — 1004 04
offset not adjusted fc = L.OKkHz —_ 20 100 - 20 200
Carrier Suppression 5 2 Ves @B
fg = 10 kHz, 300 mVirms)
¢ = 500 kHz, 60 mVirms) sine wave §0 €5 - 40 =] -
fc = 10 MHz. 60 mV(rms) sine wave — 50 - —_ 50 -— k
T dmi 8 idth {Magni } (R = 50 ohms) 8 8 BWsgg MHz
Carriar Input Port, V¢ = 60 mV{irms} sine wave —_ 300 -— - 309 -
5 = 1.0 kHz, 300 mV{rms) sine wave
Signal Input Port, Vg = 300 mV{rms) sine wave —_— 80 —_ — 80 -—
V¢l = 0.5 vde
Signat Gain 10 3 Ays 25 35 _— 25 as —_ A\ L4
Vg = 100 mVirms), f = 1.0 kHz; V¢l = 0.5 Vde
Single-Ended Input Impedance, Signal Port, f = 5.0 MHz & —
Paraltel Input Resistance fip —_— 200 — —_ 200 -_— kN
Paralliel Input Capacitance Cip — 20 -— -— 20 - pF
Single-Ended Output Impedance, f = 10 MKz [ -
Paralilel Qutput Resistance fop - 40 - _— 4 - 0
Parallel Output Capacitance Co0 - 5.0 - —_ 50 —_ pF
Input Bias Current 7 —_ : pA
o+l 7+ s - 12 25 - 17 0
Ips = lbe =
S 7 e 2 Ibe — 2|z ] -] 2] 2
Input Offset Current ? - pA
koS = l1-lg: ligc = I7-1g Mosl - a7 | so0 - 07 | 70
. hiodl — a7 | S0 —_— a7 | 70
Average Temperature Coefficient of Input Offset Current ? - ITCjiol - 20 - —_— 2.0 - nASC
{Tao =~ ~55Cto +125°C}
Qutput Offset Current ? - ool -— 14 50 - 14 80 7y
(ig-lg) .
Aversge Temperature Coefficient of Output Offset Current 7 - ITCyo0l - 90 _— —_— 0 -— nASC
{TA = -55Cto +125C)
Common-Mode Input Swing, Signat Port, fg = 1.0 kHz 9 4 cmv -— 5.0 -— -_— 5.0 - Vop
Common-Mode Gain, Signal Pont, ig = 1.0 kHz, 9 - ACM -t -85 | — -] -85 — a8
Vgl = 0.5 Vde .
Common-Mode Quisscent Output Voitsge {(Pin 8 or Pin 9) 10 -— Vout - 80 — — 80 — Vpp
Differential Qutput Voltage Swing Capability 10 - Vout _— B0 —_ -— L8 - Vo-p
Power Supply Current 7 8 mAde
lg+1g icc - 20 | 30 — 20 | 40
ho ‘e — | 30 40 | — | 30| 50
DC Power Dissipation 7 5 Pp — n — - n - mW

* Pin number references pertain to this device when packaged in s metal can. To in the ding pin for plestic or
ceramic packaged devices refer to the first page of this specification sheet.
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GENERAL OPERATING INFORMATION *

Nots 1 — Carrier Feadthrough

Carrier feedthrough is defined as the output voltage st carrier
frequency with only the carrier applied {signat voltage = 0).

Carrier null is achieved by balancing the currents in the ditfer-
ential amplifier by means of a biss tnm potentiometer {Ry of
Figure 5).

Note 2 — Casrrier Suppression

Carrier suppression is defined as the ratio of each sideband out-
put to carrier output for the carrier and signal voitage levels speci
fied.

Carrier suppression is very dependent on carrier input level, as
thown in Figure 22, A low value of the carrier does not fully
switch the upper switching devices, and results in lower signal
gain, hence lower carrier suppression. A higher than optimusn car-
rier level results in unnecessary device and circuit carrier feed-
theough, which again degenerates the suppression figure. The
MC1596 has been characterized with 8 60 mV{rms} sinewave
carrier input signal. This level provides optimum carrier suppres-
sion at carrier frequencies in the vicinity of 500 kHz nnd is
generally ¢ for bat d dul

Carrier teedthrough is independent of signal Ievel Vs. Thus
carrier suppression can be maximized by operating with large sig-
nal levels. However, a linear operating mode must be maintained
in the signal-input transistor pair — or harmonics of the duleti

base current, Pp = 2 Ig (Vg — V10 + !5 (Vg — V) where sub-
scripts refer 10 pin numbers,
Note 6 — Design Equations

The followsng is a partial list of design equations needed to
operate the circuit with other supply voliages and input condi-
tibns. See Note 3 for R, equation.

A. Operating Current
The internal bias cuirents are set by the conditions at pin 5.
Assume: '

i5=1g=19
1g <<i¢ for aif transistors

then:

Rg = ‘—/_‘i -5_00 11 where: Rg is the resistor between pin
5 5 and ground
©=075VatTy =+25°C

The MC1596 has been ch ized for the
mA and is the generally recommended vaiue,

tg=1.0

slgmlu‘nll be generated and appear in the device output as sxmous
ds of the su d carrier. This requirement places an

upper limit on input-signal amplitude (see Note 3 and Figure 20).
Note aiso that an optimum carrier level is recommended in Fig-
ure 22 for good carrier suppression and minimum spurious side- -
band generstion.

At higher frequencies circuit layout is very important in order
10 minimize carrier feedthrough. Shielding may be necessery in
order 10 prevent capacitive coupling between the carries input
leads and the output leads.

Note 3 — Signal Gain and Maximum Input Leval

Signal gain (single-ended) at low frequencies is defined as the
voitage gain,

Vo A 26 mV
Ays --\,—'S-mwhem r.-is—(m

A t dc p ial is applied to the carrier input terminals to
fully switch two of the upper transistors “on’” and two vansistors
“off” (Vg = 0.5 Vdc). This in effect forms a cascods differentiat
amplitier.

Linear operation requires that the signal input be below @ criti-
cal value determined by Rg and the bias current Ig

Vs < g Rg {Volts peak)

Note that in the fest circuit of Figure 10, Vg corresponds 1o a
manimum value 0ol 1 valt peak.

Note 4 —~ Common-Mode Swing

The cuiumon-mode swing s the vollage which moy ho sppticnd
to both bases of the signat differential amnpfifier, without saturating
the current sources or without sa g the diff i i
itself by swinging it into the upper switching devices. This swing
is variabla depending on the particular circuit and biasing condi-
tions chosen {see Note 6).

Note 5 — Power Dissipation

Power dissipation, Pp, within the integrated circ-ii( package
should be caiculated as the ion of the voltage rent prod-

B. C Mode Qui Qutput Voltage

Vg=Vg=V*-1gR

Note 7 ~ Biasing

The MC1596 requires three dc bias voltage ievels which must be
set externally. Guidelines for setting up these three levels include
maintaining at least 2 volts collecior-base bias on all transistors
while not exceeding the voltages given in the absolute maximum
rating table;

30 Vde 2 {{Vg, Vgl - (V7,Vgl] 2 2 Vde
30 vde 2 [{Vy, Vgl - (V1. V@)l 2 2.7 Vde
30vde Z {{Vy, Vg) ~ V5] 2 2.7 vdc

The foregoing conditions are based on the following approxima-
tions:

Vg=Vg, Vy=Vg Vi=Vy

Bias currents flowing into pins 1, 4, 7, and 8 are transistor base
currents and can normally be neglected if external bias dividers
are designed 10 carry 1.0 mA or more,

Note 8 — Transadmittance Bandwidth

Catrier t ittance bandwidth is the JdB b of
the device forward transadmitiance a3 delined by:

iy (auch sufebrand)
v21e -5 gl Vo - 0

Signal tance bed h s the 3dB of the
device forward transadmittance as defined bry:

ig {signal)
yns* vg Tsignall

Ve= 05 Vde, Vo =0

*Pin number references pertain to this device when packaged in a
metal can. To ascertain the corresponding pin numbers for plas-
tic or ceramic packaged devices refer to the first page of this

ifi sheet.

ucts at each port, i.e. assuming Vg = Vg, Ig = 1g = ig and i
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Note 9 — Coupling and Bypass Capacitors Cy andC3

Capacitors Cy and C3 {Figure 5} shouid be selected for a re-
actance of fess than 5.0 ohms at the carrier frequency.

Note 10 — Output Signal, V,

The output signal is taken from pins 6 and 9, either batanced
or single-ended. Figure 12 shows the output levels of each of the
two output sidebands resulting from variations in both the car-
tier and modulating signal inputs with a single-ended output
connection.

Note 11 — Negative Supply, VEg

VEgg should be dc only. The insertion of an RF choke in serres
with VEE can enhance the stability of the internal current sources.

Note 12 — Signa! Port Stability

Under certain vatues of driving source impedance, oscillation
may occur. In this event, sn RC suppression network should be
connected directly to each input using short leads. This will reduce
the Q of the source-tuned circuits that cause the ascillation.

SIGNAL INPUT

O- AAA
{PINS 1 & 4} 510 l
]_\ ”

An alternate mathod for low-frequency spplications is to insert
a2 1 k-ohm resistor in series with the inputs, pins 1 and 4. Intha
case input current drift may cause serious degradation of carrisr
suppression.

TEST CIRCUITS

FIGURE 5 - CARRIER REJECTION AND SUPPRESSION

FIGURE 8 - INPUT-OUTPUT IMPEDANCE

vee )
12 vde
iR 1k J
in T . .
; I o
5 C.1uf 1k RL AL f }
¢, I - 3 39k3; 5391 asv, 1. 3
CARRIER  0.) uF 19 16 ) a W,
INPUT VG o3} 8l mcuse Vo ;::= T wousss [ Zm.
Vs 11 mcis%e6 Y 2;..——07 ucis%e o o
MODULATING ot 9 ° —————o 8 *
SIGNAL 10 S
INPUT 10K 10kS 51 s1 19 5
!
S0k
16 $68% 311
. 1”0 5268
L3 bv- =
CARRIER NULL = 8 Véc .
NOTE. Shielding of ‘%"“
input and output leads may EE
be needed to properly
perform these tests,
FIGURE 7 ~ BIAS AND OFFSET CURRENTS FIGURE 8 — PRANSCONDUCTANCE BANDWIOTH
vee v
412 Vee "o "% v
< - - n
Re= 1k l Ay
K] ]
3 wp A0 LT
H = se3se T
15 ' CARRIER P 7 ‘
NPUT
MC 14366 ';' Vet 3 :cussg e
MCI5966 - vs o e ¥
) MODULATING - s
. SIGNAL 4
10 5 weyr  ME310% 51 g5t 10 H
LR PTIY S0k L T
= CARRIEA NULL T
-8 Vde -8 Véc
VEE VEE

NOTE" Pin numher references pertain 10 this device when packsgsd In 2 metal can. To sscertaln the corresponding pin
numbaers for plestic or ceramic packaged devices refer 10 the firtt page of this specification sheet,
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TEST CIRCUITS (continued)

FIGURE 9 —~ COMMON-MODE GAIN

FIGURE 10 - SIGNAL GAIN AND OUTPUT SWING

vee
1 2 ve

1 vee
+12 Vde
" Re= 1k 14 Re=1k
O.iv 7 2{ b 39k 39k 7= }1 39y
! li EDCI gy *Va
: 1] heises MC14966
V5 1 Vo MC$966
9 [
10 § 1w 5
50 68k s = ' 58
1 mA
< Vot
= = Acm = = =
-8 Ve C = 20log 5 -8 Vi
VEE VEE
NOTE. Pin numbaer raterences pertain to this device when packaged in a metai can  To ascertan the corresponting pin
numbaers for plastic or ceramic packaged devices reter 10 1he first page of the specHication shvet
TYPICAL CHARACTERISTICS (continued)
Typical characteristics were obtained with cwrcuit shown in Figure 5. fc = 500 kHz (sine wave),
Vg = 60 mV(rms), fg=1%kHz, Vg =300 mVirms), Ty = +259C unless otherwise noted,
FIGURE 12 —~ SIGNAL-PORT PARALLEL-EUUIVALENT
FIGURE 11 — SIDEBAND OUTPUT versus CARRIER LEVELS
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FIGURE 13 — SIGNAL-PORT PARALLEL-EQUIVALENT
INPUT CAPACITANCE versus FREQUENCY
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MC1496, MC1596

TYPICAL CHARACTERISTICS (continued)
Typical characteristics wera obtaingd with circuit shown in Figure 5, 1c » 500 kHz {sine wave),
Vg = 60 mVirms), fg = 1 kH2, Vg =300 mVirms), Ty = +25°C uniess otherwise noted.

FIGURE 15 - SIDEBAND AND SIGNAL PORT FIGURE 16 — CARRIER SUPPRESSION
TRANSADMITTANCES versus FREQUENCY versus TEMPERATURE
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MC1496, MC1596

TYPICAL CHARACTERISTICS (continued)

FIGURE 21 — SUPPRESSION OF CARRIER HARMONIC
SIDEBANDS versus CARRIER FREQUENCY
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FIGURE 22 — CARRIER SUPPRESSION
versus CARRIER INPUT LEVEL

OPERATIONS INFORMATION

The MC1596/MC1496, 8 monolithic balanced modulator cir-
cuit, is shown in Figure 23,

This circuit consists of an upper quad differential amplifier
driven by 8 standard differential amplifier with dual current
sources, The output $ are cr pled so that full
balanced muitiplication of the two input voltages occurs. That is,

()]
3 wo}—-
=
3
z
e
g
§ 30 -1- 10 * 10 MH:
; 40 ]
§
3 o N Ie = 500 kHz
? \ // L

N\ =

0

0 0w W00 300 400 500
Ve, CARRIER INPUT LEVEL (mViems]}
FIGURE 23 ~ CIRCUIT SCHEMATIC
(3%}
r 1T Yo QUIPUT
N (L1}

the output signal is 8 constant times the product of the two input canmen au
signals. eyt 0

Mathematical analysis of linear ac signal muitiplication indi-
cates that the output spectrum will consist of only the sum and )
ditferance of the two input frequencies. Thus, the device may be :‘"::‘ ?
used as a balanced modulator, doubly balanced mixer, product itr PO camaoust
detector, frequency doubler, and other applications requiring }/ 3
these particular output signal characteristics. s s K

The lower differential amplifier has its emitters connected to b 4 [rop—
the package pins so that an external emitter resistance may be " - - poe G pucbomn)
used. Also, external load resistors are employed at the device e
output,
Signat Levels FIGURE 24 - TYPICAL MODULATOR CIRCUIT

The upper quad diflerential amplifier may be operated eithar " " m
in a linesr or 8 saturated modu. Tha lower ditierentist empliti A . e g Ve
18 operated in 8 lineas nude tor 1INOS1 applicstions. _l_

For low-lavel operation at both input porls, the oulpul synal - I"" 29 & v 03 J:‘l $ :;‘
will contsin som and difference frequency components mud have = = B
an amplitude which is a § of the product of the input signal e ————-o'—< < @ oV
amplitudas. . unmo—)l——-——-—-—o'— J—

For high-level operation 8t the carrier input port and linear ""‘"‘" o— | .
operastion at the modulating signal port, the output signal will mnuu:mc L |—O0——+4-8 -Vg
contain sum and difference frequency components of tha modu- SGRAL < ' s St
lating signal freq y and the fi tal and odd harmonics of INrUT 2 ™ $
the carrier frequency. The output amplitude will be a 11 '
times the modulating signal amplitude. Any amplitude variations L 15 3 S
in the carrier signal will not sppear in the output. =

CARRIER BULL v =
VEE

NOTE: Pin number references pertain 10 this device when packaged in 8 metal can. To ascertain the corresponding pin
numbers for plastic or ceramic packaged devices refer 10 1he first page of this specification sheet.
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Very Low Noise
OP-27 Operational Amplifier

Connection Information

TO-99 8-Lead
Metal Can Dual In-Line Package
(Top View) (Top View) Pin Function
1 Vog Trim
E E] 2 Inverting !nput
3 Non-Inverting Input
2 7 4 -Vs
l: :I 5 NC
\:‘ > 6 Output
E E 7 Vg
E El 8 Vos Trim
Absolute Maximum Ratings Ordering Information
Supply Voltage .............. ... ..., +22V Operaling
Input Voltage' ...........oeeneininnnn. +22v Parl Number Package Temperature Range
Differential Input Voltage ............... 0.7v OP-27EDE Ceramic -25¢C10 785°C
Internal Power Dissipation ........... 658mwW 0P-27FDE Ceramic -25°C to +85°C
Output Short Circuit Duration ....... Indefinite 0P-27GDE Ceramic -25°C to +85°C
Storage Temperature OP-27ET T0-99 2955C to +85°C
Range ................... "65°C tO +150°C 0P'27FT To_gg _2500 to +8500
Operating Temperature Range 0P-27GT T0-99 —25°C to +85°C
OP-27TA/B/C ............. -55°C to +125°C : - -
OP-27E/F/G v -25°Cto+85°C | OP-Z7ENB Plastic | -25°Cto +85°C
Lead Soldering Temperature ggg;g:g E:g:::g :gg:g :g Igg:g
(10T ) +300°C
Note: 1. F ly voltages less than 22V, the absolute 0P-27ADE Ceramic 55°C 1o +125°C
ote: 1. For supply voltag 1an Zeck, OP-27ADE/883B* | Ceramic -55°C to +125°C
U:::g::m input voltage is equal to the supply OP-278DE Ceramic -55°C to +125°C
L. 0P-27BDE/883B" Ceramic -55°C to +125°C
Thermal Characteristics OP-27CDE Ceramic | -55°Cto +125°C
T099 0P-27CDE/883B* | Ceramic -55°C to +125°C
B-Lead 8-Lead OP-27AT T0-9 -55°C to +125°C
Ceramic DIP | Metal Can 0P-27AT/8838* T0-99 -55°C to +125°C
- o " 0P-278T T0-99 -55°C to +125°C
Max. Junction Temp. 175°C 175°C 0P-278T/8838* 70-99 _E5°C to +125°C
Max. Pp Ta < 50°C 83Bmw 658mwW 0P-27CT T0-99 -55°C to +125°C
Therm. Res. 0, 45°C/W 50°C/W 0OP-27CT/8838 T0-99 ~55°C to +125°C
Therm. Res. 0;a 150°C/W | 190°C/W "MIL-STD-883. Level B Processing
For Ta > 50°C Derate at 8.33mwW 5.26mW
per °C per °C
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Very Low Noise
Operational Amplifier op-27

Typical Performance Characteristics (Continued)

OP-27 0.1Hz to 10Hz Peak-to-Peak Noise
Vertica! Scale 50nV/Division

Sn‘:):ll Signal Overshoot vs. Capacitive Load Recorder Speed 16 Divisions/Min
1
0p-27 50nV/Div
* 0.1Hz 10 10Hz 160 /Minute
80 = Noise
- -,
g —— Osciliation—}
g o -
g Pt
§ o e T T N I e e i V0
< Ly Vs=2I5V 1 N
20 A Vin=100mv | _ |
/ . Av=+10 3
0 ] 1
0 500 1000 1500 2000 2500 2
Capacitive Load [pF) g
Offset Nulling Circuit Burn-In Circuit
+20V
\\
S WRA [XLLIE VY

28V/uS

When Br-2 10041 and the input is driven with
afast, large signai pulse (2 1.0V), the output
wavelorm will look as shown

$5-0UQ30A




- 172 -

Very Low Noise :
Operational Amplifier op-27

Typical Performance Characteristics (Continued)

Supply Current vs. Supply Voltage Maximum Output Swing vs. Resistive Load
50 e (17
16 Positive
a0 " Swing T [ ===
S T S B T o . 5 g
E --_L- --]A 1125 C/‘/ s //L{/
g Ta- 125°C T z " A Negati
s LY < N e — | "1 £ 3 7/ . Negative
5 30 // = i
o \(/‘/‘/ 2 . / Swing
§. - |1 é -
g 20| - . -t s Vs - 115V
- 3 Ta= +25°C TTs
. 1Ta -55C .- e b § 0 ey §
10 l } 2 e
. 5 15 % 35 45 0.1 10 10
Tata! Supply Voltage (Volts) Load Resistzncs §k))
Short Circuit Current vs. Time Open Loop Voltage Gain vs. Supply Voitage
60 o 25 I T
Ta - 325C ] Tp=+25C /n# X
z 50\ =20 =" A= tkn T
- 'l
8 20 i\‘ Iscl-) g 15 . /
£ ] £ //
= —~ <
B g A
LR Isct+) g 10 pe
5 g
s 2 < “ 05 4 <
; H
10 3 0 g
] 1 2 3 4 5 0 10 2 k] 40 0
Time From Output Shorted to Ground [Minutes) Total Supply Veltage (Vela]~ =

Maximum Undistorted Output vs. Frequency Common Mode Input Range vs. Supply Voitage

2 16
5 m LI l I
% A A Tt 12 1 ;25'(2
= Vg = +15V C) A= o
g Tas +25°C 5 ¢ Ta= H25°C—o .
= s 4
o 16 ;'
= g ° Ta=-5C
3 N : -4 \ Ta=+25°C
a 8 E |
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Very Low Noise
Operational Amplifier

Typical Performance Characteristics (Continued)

10

OP-27 Voltage Noise vs. Frequency

T T TI1T
T
A
——+1
—_ Vs = =15V
I= 5 - Ta=+25°C
PN
=>
= [N
= f
= L 1/F Corner = 2 THz
2 H
E
1 2
1 10 100 1000
Frequency {Hz)
Current Noise vs. Frequency
100 R
100
= L] S00%
b 0K M
= 3 =
é 10 o e g
S
‘3 <
1/F Corner 140Hz ‘é
o1 {1 ;
10 100 1K 10K
Fraquency {Hz}
Voltage Nolse vs. Temperature
5 T
Vg = t15V-
= e
g ) 1 10H "1 /
> at 10Hz
z 3/ =]
= " at 1.0kHz
g 2 "
2
1 &3

-50

-25 0 25 S0 75 100 125

Tempsrature (°C)

A Comparison of Op Amp
Voltage Noise Spectrums

10 S
i
X s (L] Hi
2 NS
=z 1/F Corner = s
>
= ‘4.. Low Nosse
& 10 Audio
= : £ 10p Amp
3 =g 02 1/F Coiner =
= 1/ CornetZ.'Hz__i IFI . II . b
Inslrll.lmenla'hon Range. 1o DC| Audio Range to 20kHz %
AL LLAiLL 1 JI LALkl i A1 Lilalle
1 10 100 1000
Frequency {MHz|
Voltage Noise vs. Supply Voltage
5 v
Ta=+25°C
= 4
g —_1 a0
< :
: —] |
S 3
2 at 1.0xHz
]
s 2 .
\ :
0 10 20 k] 40

Total Supply Voliage (¥+ — V-] {Volts}

Offset Voltage Drift of Representative Units

60 X
© L _Aopamm
1 L~ T
P-
o />§ gL 2%7A
5 1 [~ or2z8
= 0 e = 0P-2'7A._
= I~ op-
2 E—S_\ il
£ [+ o278
S -4
Trimming with 10K I
-0 |— Potdoes not —{%
change T¢Vos oP-27C §
-8 [l 1 1 L L $
75 -50 2% 0 25 SO 75 100 125 10 175

Temperature {°C]




- 174 -

Very Low Noise
Operational Amplifier OP-27

Typical Performance Characteristics

0.1Hz to 10Hz Noise Test Circuit
0.1uF

AJK 22F
Scnpe
ZZnF ﬂm ‘M
- - 65-00034
0.1Hz to 10Hz Peak-to-Peak Noise i
Tester Frequency Response Open Loop Gain vs. Frequency
100 130
9 et k 110
/’J \
7 Il g~
[ £ N
';' [}
s o 2 0
Test Time of 10 Sec Further s
50 |— Limits Low Frequency (< 0.1Hz) 1] >
Gain < <
0 0 L :
o LU TR : 0 :
001 0.1 10 10 100 110 100 K 10K 100K 1M 10M 100M
Frequency (Hz) Frequency (M2}
Slew Rate, Gain Bandwidth Product,
Galin, Phase Shift vs. Frequency Phase Margin vs. Temperature
25 Y T T——F 10
) | [T11 = Mi—em T 1 _
) ~] = £15V {1 100 57 — g
\Gain TN 'C +25°C =t 1 Vg =115V g =
15 20 F 237 [—ew E
= N Phase s = 2
8 10 N Margin u 8 % =
= N | = 76° w0 = s 8 £
& 5 AN ; g —— E
0 \\ 180 2 E 3= , E
-5 \ 200 < p— «“
-10 20 s 2= a-
1 10 100 75 50 %5 0 25 S0 75 100 125
85-000uBA

Frequency {MHz) Temperaturs (°C} "
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Typical Performance Characteristics (Continued)
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Very Low N

oise

Operational Amplifier

Input Offset Current jnA} Change in Input Offset Voltage {uV)

Power Supply Rejection Ratio {d8)

Warm-Up Drift

Vg = + 15V
10 —Ta °CT [T T I
0P-27C/G
T — 0P-27B/F
i
5 Ob 27ALE
0 FS
0 1 2 3 4 5
Time Afler Power on [Minutes}
Input Offset Current vs. Temperature
0 1
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% N 0P-27C
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10 o~ s
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Temperature (°C)
PSRR vs. Frequency
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Input Bias Current vs. Temperature
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~ \\.\(/
\\\\4 -
\\:\"‘
.
OP-27A
|1 §
-0 -25 0 25 5 75 100 125
Temperature [°C)

150
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Very Low Noise
OP-27 Operational Ampilifier

Electrical Characteristics (vg = £15V, -55°C < T < +125°C unless otherwise noted)

0P-27A 0P-278 0P-27¢
Parameters Test Conditions Min | Typ | Max| Min | Typ | Max| Min { Typ { Max | Units
Input Offset Voltage' 30 |60 50 | 200 70 [300] wV
Average Input Offset o
Voltage Drift? 02 | 06 03 |13 04 | 1.8 |uV/°C
Input Offset Current 15 150 1 2 185 30 (135 nA
Input Bias Current +20 | +60 28 | £95 35 | £150f nA
Input Voltage Range £10.31 1115 +10.3 +11.5 110.2i+115 v
Common Mode .
Rejection Ratio Vem V10V ‘ 108 | 122 100 | 119 94 | 116 dB
Power Supply .
Rejection Ratio Vg = +4.5V to +18V 96 | 116 94 11{ 86 | 110 dB
Large Signal Voltage Gain | R_ = 2.0k(, Vo =+10V{ 600 | 1200 500 | 1000 300 | 800 VimV
Output Voltage Swing R = 2.0k2 +11.5]2135 +11 14132 +10.5] +13 v

Electrical Characteristics (Vg = #15V, -25°C < Ta < +85°C unless otherwise noted)

0P-27€ 0P-27F 0P-276
Parameters Test Conditions Min | Typ {Max| Min | Typ |Max| Min { Typ | Max | Units
Input Offset Voltage' 20 | 50 40 | 140 55 |20 Vv
Average Input Offset o
Voltage Drift 02 |06 03 |13 ' 04 | 1.8 |uV/°C
Input Offset Current 10 | 50 14 | 85 20 | 135] nA
Input Bias Current +14 | +60 +18 1495 +25 |+1501 nA
Input Voltage Range +10.5}+11.8 +10.5|+11.8 +10.51+11.8 v
Common Mode _
Rejection Ratio Vem = 210V 10 | 124 102 | 121 96 | 118 dB
Power Supply - '
Rejection Ratio Vg = £4.5V to +18 97 | 118 96 | 116 90 | 114 dB
Large Signal Voltage Gain | R_ 2 2.0k(), Vo = £10V | 750 | 1500 700 | 1300 | 450 11000 VimV
Output Voltage Swing R = 2.0kn +11.7|136 +11.4]£135 +11 {+133 v

Notes: 1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of
power.
2. TcVos performance is guarantead unnulled or when nulled with Ro = 8.0kf} to 20k}

The information contained in this data sheet has been carefully compiled; however. it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either ficensed or free from patentinfringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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Very Low Noise
Operational Amplifier OP-27
Electrical Characteristics (Vg = +15V and Tx = +25°C unless otherwise noted)
OP-27A/E 0P-278/F 0P-27C/6
Paramelers Test Conditions Min Typ Max|Min Typ Max| Min Typ Max| Unils
Input Offset Voltage® 10 25 20 60 30 100] v
\L/ggg;:’sngagﬁ:‘y‘,‘l"se‘ 02 10 03 15 04 20 | uV/Mo]
Input Offset Current 70 3 90 50 12 75| nA
Input Bias Current +10 =40 +12 +55 +15 #80] nA
Input Noise Voltage? 0.1Hz to 10Hz 0.08 0.18 008 0.18 0.09 025] uVpp
1o = 10Hz 35 55 35 55 38 80
Input Noise Voitage Density?| fg = 30Hz 31 45 31 45 33 56} nv
fo = 1000Hz 30 38 30 38 32 45| JVHZ
fo = 10Hz 1.7 40 1.7 40 1.7
Input Noise Current Density?| fp = 30Hz 1.0 23 1.0 23 1.0 pA
fo = 1000Hz 04 06 04 06 04 06| vz
l(r[]);l)flfll mzi:;?nce 15 60 12 50 08 40 Mo
'('(‘:%‘:T“R,&Sg;g’“ce 30 25 20 GO
Input Voltage Range? 11 +123 11 +123 11 +123 v
gg;‘c"‘“g'r‘] %‘333 Vou = £11V 114 126 106 123 100 120 d8
gg;’;glfr‘:%pa'tyl | Vg=+40Vio£18V [ 100 120 100 120 o 118 a8
R = 2.0k(}, Vg = +10V {1000 1800 1000 1800 700 1500
Large Signal Voltage Gain | R = 1.0k}, Vg = 10V | 800 1500 800 1500 ' 1500 Vimy
Vo= FLOV.Vs - 140w 250 700 [250 700 {200 500
T R|: :-“Z.Ol;n~ "l s T |12 1138 |i115 4135
Output Voltage Swing v
R = 6000) . 1 12 11 +12 1 12
Slew Rate? RL = 2.0k} 17 28 17 28 17 28 V/uS
Gain Bandwidth Product* 50 -80 50 80 50 80 MHz
Open L00p Qutput Vo =0.lg=0 70 70 70 0
Power Consumption 90 140 90 140 100 170 mwW
-Oﬂset Adjustment Range Rp = 10k +40 +4.0 +40 mV

Notes: 1.

Long Term Input Offset Voltage Stability refers to the average trend line of V5 vs. Time over extended periods after the first 30

days of operation. Excluding the initial hour of operation, changes in Vg during the lirst 30 operating days dre typically 2.5uV.

2
3.

. This parameter is tested on a sample basis only, and guaranteed to an LTPD of 10.
.Caution: The Common Mode Input Range is a function of supply voltage. See Typical Performance Curves. Also, the input

protection diodes do not allow the device to be removed or inserted into the circuit without tirst removing power.

L

power.

. Parameter is guaranteed by design.
. Input Ofiset Voltage measurements are performed by automated test equipment approximately 0.5 seconds alter application of
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Z* EXAR

Monolithic Function Generator

BENERAL DESCRIPTION

XR-2206

FUNCTIONAL BLOCK DIAGRAM

The XR-2206 is a monolithic tunction generalor Inte-
grated clrcuil capabls of producing high quality sine,
square, triangle, ramp, and pulss waveforms ol high-
stability and accuracy. The output waveiorms can be
poth smplitude and frequsncy modulated by an exisr-
nal voitsge. Frequency of operation can be selected
externally over a range of 0.01 Hz to more than 1 MHz.

The circuit Is ideslly sulted for communications, instru-
mentation, and function generator applications requir-
ing sinusoidal tone, AM, FM, or FSK genaration. It hag a
typical drift specification of 20 ppm/*C. The oscillator
trequeficy can be lineaily swept over a 2000:1 {requen-
cy range, with an external control voltage, having a
vary small affect on distortion.

TIMING
CAPACITOR
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sotrr 12 <V H
MULTIPLIER
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MWT OuT | 3 ! Ao L '1
SHAPER WAVEFORM

ADJ,

Ve 4 _j

Bl ===

N
g
o

FEATURES

Low-Sine Wave Distortion
Excellent Temperature Stabllity
Wide Sweep Range
Low-Supply Sensilivity

Linear Amplitude Modulation
TTL Compatibie FSK Controls
Wide Supply Range

Adjustable Duty Cycle

APPLICATIONS:

Wavelorm Generation
Swesep Generation

AM/FM Generation

VIF Conveision

FSK Generation
Phase-Locked Loops (VCO)

ABSOLUTE MAXIMUM RATINGS

Power Supply

Power Dlsslpation
Derate Above 25°C

Total Timing Current

Slorage Temperature

0.5%, Typlcat

20 ppv°C, Typical
2000:1, Typical
0.01%V, Typical

10V to 26V
1% to 99%

26V

750 mwW

5 mwi*C

6 mA.

-65°C to +150°C

TIMING E-—.l

RESISTORS CURRENT - -
I 8 H swirches g l FSx

ORDERING INFORMATION .

‘Part Numbér Packags Opserating Tempersturs
XR-2206M Ceramic =55°C to 4+ 125°C
XA-2206N Ceramic 0°C1to +70°C
XR-2206P Plastic 0°Cto +70°C
XR-2206CN Cerarnic 0*Cto +70°C
XR-2206CP _ Plastic 0°Cto +70°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
vollage-controfled osclliator (VCO), an analog mulliplier
and sine-shaper; a unity gain buller ampiifier; and a set
of currenl swilches.

The VCO actually produces an outpul frequency pro-
portional to an input current, which is produced by a re-
sistor from the timing terminais to ground. The cutrent
swilches route one of the timing pins current 1o the
VCO controlfed by an FSK input pin, 1o produce an out-
put frequency. With two timing pins, two discrete output
Irequencies can be Independently producod for FSK
Generation Apmtcatlons



XR-2206

ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 1,V = 12V, TA = 25°,C = 0.01 uF, Ry = 100 kfl, R2 = 10k}, Ry = 25 kO
unless otherwise specified. S open lor trlangle, closed lor sine wave.
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XR-2206M XR-2206C
PARAMETERS MIN | TYP [ MAX | MIN | TYP LMAX UNITS CONDITIONS
BENERAL CHARACTERISTICS
Single Supply Voltage o | 26 10 28 v
Spht-Supply Voltage s +13 | 25 +13] V )
Supply Current 12 17 | 14 20 mA |[Ry{ 210k
OSCILLATOR SECTION ’
iMAx, Operatifig Frequency] { 0.5 1 0.5 § MHz |C = 1000pF, R{ = 1k
.Ftowest Prattical Fraequency 0.0t 0.01 Hz |C=5us Ry =2MQ
Frequency Accuracy t1 4 +2 % of fg| 1o = 1/R4C
Temperature Stability +10 | £50 +20 ppmy°C | 0°C =< Tp < 70°C,
Ry = Ry = 20k 0
Supply Sensitivity 0.01 | 0.1 0.01 %N Viow = 10V, VHIGH =
. . 20V,
Ry = Ry = 20k0Q
Sweep Range 1000:1| 20001 2000:1 =L {H@Ry = 1k0
LgRy =2M0
Sweep Linearity
10:1 Sweep 2 2 % I = 1 kHz, fiq = 10 kHz
1000:1 Sweep 8 8 % 1L = 100 kHz, fy3 = 100
kHz
FM Distortion 0.1 0.1 % £ 10% Deviation
gcommended,; 1 )
Componenis
Timing Capacltor: C 0.001 100 | 0.001 . 100 uF | See Figurs 4,
Timing Resistors: 1 2000 1 2000| k@
Ry & R2
Triangte Sine Wave Outpul See Note 1, Figure 2,
Triangle Amplitude 160 160 mVik 11 | Figure 1, 8¢ Open~-
Sine Wave Amplitude 40 60 | 80 60 mv/x O | Figure 1, §¢ Closed
Max. Output Swing <] . 6 vVpp
Output Impedance 600 600 Q2
| Trlangle Linearity 1 { % .
1 Amplitude Stability ‘0.5 05 dB | For 1000:1 Sweep
Sine Wave Amplitude 4800 |- 4800 ppmy*C | See Note 2.
Stability
:{ Sine Wave Distortion
1 Without Adjustment 25 . 25 % (Ry=230k0
Wwith Adjustment 0.4 1.0 05 | 1.5 % See Figureas @ and 7.
Amplifude Modutation
Input Impedance 50 100 50 100 kQ
Modutallon Range 100 100 %
Carrler Suppression 55 55 dB
Linearity 2 2 %" | For 95% modulation
Square-Wave Output
Amplitude 12 12 Vpp |Measured at Pin 11,
Rise Time 250 250 nsec {Ci = 10pF
Fall Time 50 50 -ngec |Cy = 10pF
Saturation Voltage 02 | 04 02 | 06 v I = 2mA
{eakage Current 0.1 20 0.1 100 pA |V = 268V
FSK Kaying Leve! (Pin 9) 08 14 | 24 | 08 14 | 24 v See se:'l'lon on clreuht
' i confrols *
Referance Bypass Voltage 2.9 3.1 33 2.5 3 35 V " {Measured at Pin 10,

Nots 1: Qutput ampiitude Is directly proportional 1o the resistance, R3. on Pin 3. Gee Figure 2.
Nots 2: For maximum amplitude stability, R3 should Be a positive lemperatura coefticient resistor.
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XR-2206

Figure 9. Clrcult C
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Fraquancy-Shift Keying:

Tha XR-2206 can be operaled with two separate timing
tesistors, Ry and Ry, connacted (o the timing Pin 7 and
8, respeciively, as shown in Figure 12. Depending on
the polarity of the logic signal at Pin 9, either one or the
other of these timing res!istors is activated. If Pin 8 s
open-olrculied or connactad !0 a blas voitage x 2V, only
R Is notlvated. Bimilarly, If the vollage leve! al Pindls
£ 1V, only Ro Is activated. Thus, the output frequency
can be kayog between two levels, {1 and {2, as:

fy = 1/A1C and 2 = 1/RLC

For spilt-supply operstion, the keying voitage at Pin Qls
referenced to V=,

Cuipnt DC Lovel Contral:

The de leve! at the output (Pin 2) is approximately the
same as the dc blas at Pin 3. in Figures 10, 11 and 12,
Pin 3 is blased midway between V+ and ground, fo
give an output dc level of ~V+)2,

L]
mucmd‘ns INFORMATION
Sina Wave Generation
Witheut Externsl Adjustment:

Figure 10 shows the circuit connection for generating a
sinusoldal output from the XA-2206. The potentiometer,
Ry at Pin 7, provides the desired frequency tuning. The
maximum output swing Is greatsr than V ¥ /2, and the
typical distortlon (THD) is <2.5%. If lower sine wave
aistortion Is deaired, additional adjustments can be pro-
vided as-descilbed In the foliowing section.

The clrcult of Figure 10 can be convertad to spili-supply

operation, simply by replacing all grouna connections
with V=, For split-supply operation, A3 can be directly
connected to ground.

Witk Extarnsl Adjustment:

The harmonlc content of sinusoidal output can be re-
duced 10 ~0.5% by additional adjustments as shown
In Figure 11. The potentiometer, Ra, adjusis the sine-
shaping resistor, and Rg provides the fine adjustment

for the waveiorm symmetry. The adjustment procedure *

5 as follows: .

1. Set Rg &t midpoint, and adjust A for minimum
distortion.

2. With Ra set as above, adjus! Rgr 1o further reduce
distortion.

Wiangle tWave Ganeration

The circuits of Figures 10 and 11 can be converted to
trlangia wave generation, by simply open-circuiting Pin
13 and 14 (l.e., St open). Ampiitude of the triangle Is ap-
proximately twice the sine wave output.

FSK Genaration X R'2206

Figure 12 shows the circuit connection for sinusoidal
FSK signal operation. Mark and space frequencies can
be independantly adjusted, by the choice of timing re-
sistors, Ry and fip; the output is phase-contlnuous dus-
ing transitions. The keying signal is appiied to Pin 9. The
clreuit can be converted to splil-supply operation by
simply raplacing ground with V=, .

Puise and Ramp Qensration

Figure 13 shows the circult lor pulse and ramp wave-
form gensration. In this mods of operation, the FEK key-
ing terminatl (Pin Q) Is shorted to the square-wave oulput
(Pin 11), and the clrcuit automatically frequency-ghift
keys liself between w0 separate frequencles during
the positive-going and negative-going output’ wave-
forms. The pulse width and duty cycle can be adjusted
from 1% 10 99%, by the choice of Rq and R2. The val-
ues of Ry and Ra should be in the range of 1 k2 to 2
MO,

PRINCIPLES OF OPERATION
Description of Centrols
Fraquency of Operation:

The frequency of oscillation, g, is determined by the ex-
lernat timing capacitor, C, across Pin 5 and 8, and by
the timing resistor, R, connectad to either Pin 7 or 8.
The Irequency is given as:

'o- %Hl

and can be adjusied by varying either R or C. The rec-
ommended vaiues of R, for a given frequency range, as
shown In Figure 4. Temperature stability is optimum for
4 kil < R < 200 k2. Recommended values of C are
from 1000 pF 1o 100 gF.

Frequency Sweep and Madwistion:’

Frequency of osciltation is proportional to the total tim-
ing current, I, drawn from Pin 7 or 8:

320 i1 (mA)
Cwh)

Timing terminals (Pin 7 or B) are low-impedance points,
and ate internally biased 8! + 3V, with respect to Pin 12,

__Tjrn_mwm-ﬂmu range
curtant values, from 1 uA 10 3 mA. The frequ

be controlled by applying a control voliage, Ve, to the
activated timing pin as shown in Figure . The frequern-
cy of osciiiation is refated lo V¢ as: . .

I = Hz

1aLis Yoy,
RC Ag 3 -





