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ABSTRACT

This project presents a transmitter and receiver of 8-PSK which their phases are modulated by
8-Phase PSK (8-PSK) and 8-Phase PSK is some sort M-array encoding technique for M=8.For this
modulation, the carrier’s frequency will be changed into 8 difference phases by input signal.8-PSK
transmission will detect 3 bits of digital data and then take each data to modulate with a carrier signal.
Digital data is transmitted into a metallic cable with speed around 128 kbps. Thus, this technique can

reduce the bandwidth of transmission.
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Modulation | Encoding Bar(lfd{v;/)idth Baud Band\&&(g? /Iit;f;ciency
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3.2.4 9930329AINDAININ AND 40 kHz

o o @ ) d ¢ A | U
199519 S U Ay IU NI INI IR HAYE 99T VIATUGNDYAINDTINDNTBIANAFINI

1Y [y 9 1 o a. A 9 d o Jd @
Fone 4 szavean ) Wrnuawzdygruniuns g lathudygiaenna 4 szAveenn

291558 9TBYAR AR WILIEAIAag1 3.19

35k

51/ 3.20 2993n599TOYARIWARIAIY 40 kHz

Lowpass Filter 43 kHz

14
120}

10 -

Amplitude : dB

10 : ::::‘:1:0

Frequency : kHz

3UM 321 A3 MHARDUAUBIYDIIIIINTBITOYANI DG IIU 40 kHz



43

324 9030 IMMIRN 128 kHz

[

y o ! 1 = 1 [ 9 o a 4
WodynyImingee 256 kHz HuNsAsaeANuaLAazgnas g ddyananninuie
o o W da¥Yd w i Y q9 = - Y
nmasudasdyging Ul Wtudygradmaon uda19smsnnud 2 m1 Feezmny 128 kHz
’§ \ L3 % a 1
FRUMAVTYYIUUIRNINWNMATINDA
A 4 " @ o e 1 My Yy a o A y 4
WpsnnmsNmaaaiy dygranised launnnmsessedyaauinm laslyenaden
5 4w A y v dqv A g q9 41 o o 4
givhmsaendyaaninie ) udrguarwd gevunnmiuldnsesnnudsieidyyud

a 3 o y ~ o A ' Yy gy v d o g
maﬂmmmﬂuﬁiyaunm 1“]5‘14 uazwmﬂmmamﬁnujaunmuﬁaﬂmma %ﬂmﬂﬁaaﬂqﬂmmi 0of

A o o dQYd v i A & dq o { A4 99
Ao Pmdsndunlasdyanugl sl Wiudygadvion  mmiudldessmsariiine 1w

o o

2

AMUDARAINABIMIAUAI TN YBIT Y IUUIRNTHEA

[ a

% naz’ o Y 9 @ o 1 1 1Y u’/‘
muu%zmullmw MIATNAYYIUUITIVBINNMATIAS A Y Y TUUINNIUBINIATUUUIY

A7)

[ %

Y] YRS ~ v w Aa 1 v a a’/’ d = v o Y
mﬁﬂmsémaauamﬂ%mmunvaaﬁgwm‘nuaguaﬂmq95 E)ﬂVNL‘L’UﬁQJlﬂﬁmWJLﬂU'Jﬂ‘u@ﬂﬂ’)ﬂ PISHY]

e A o a a = o ' [~ o
ens 19venmadengldslinersndanamiuazaenSoudvumadyanuegnioluTuiiuns

Y A @ Jd o 1 ] @
Tmnans TUAUTAUITVINMATILASNIATY

+5V
14050 T
Ol 7 |

14 16 13
™ Y2 6

Sin 256 kHz 14046 F 100k

100pF ’I: 3
7

100k o~
pw‘,_ 11 10uF
8 |
5 37—
/.

WG S ae
|: oIp
14 7490 9 —O

29993115 2 E 2 10 — clock 128 kHz
3 6 —

8 7 —

51/ 3.22 2993 fFyaenniim

325 1993)daeINNInE

9 o o v o a Ay 9 Y o a Y o
'Nﬂﬁf‘]ﬂ'ﬂluiy'lﬁlW'lﬂzuuﬂz@]ﬁﬂﬁiyiy']ﬂlu’]Wﬂ'lW‘lﬂiJ'lﬂ'Ni]iﬂﬁiUfU"lﬂlU']Wﬂ'l?J'ﬂ‘lﬂﬂu

u o o

] v 1]
dygudess udrguariiiiu 4 vh Tasldeesmadengd nimiufszriuisesnsesnind 512

kHz revhmsaadennmzdygiag ) ladieri lududygnammedmivlduesmandaue

qramesae 11 2avsuanedegyl 3.23



44

+5V
14050

7 6 6
Clock 128 kHz
10pF i 14046 9

100k
BPF 512 kHz

50 k
+5V 5 pF 100 k
) T
e o 8aK v+
60 k p
R 60 k

11 5 14
O/P 512 SR e o/P
12 74LS90 s < 3 :

-
N
-
(o]
-
w
N
- - N )
wm oo by }—‘_
ik
o
o
x

90 4

317 3.23 s ddyaamive

32.6 2eseuvladeyaia: 90 aam

A Ao : 9 o aa ~ g
Wieenndyaunegaansunivizlsznevlifredgyguaineangausneeniluaes

1 ' 1 @ ' [ o a { 3 q
diufie druvesdyyiu IC uazvesdygiu QC  duyaideya 2 Tafignuuneenuniusznauiiiu
o o 9 v o J o o '
dyau 4 52AU umNegianIAuTyIuwIME Tagars imusuegiamasuaz s WAUT TN
o 1 ~ o 4 1 11 3 o 9y
dyauwegannieyes IC Alddyaraniugdlsdifudyganme  tasdygausgaaned
{ o 4 o ° o A v a9 @
QC  #Wlddyarundugdlalsiifudyaamme  luiuesdoriunniesufdesiidyaiamnme
v Yo 4 gdy ¥ Yo 4 o kY ot
2 yanwlavzlddymiuniugl lminlaummessddygammeioimllureraudaue
s A Yo A vy odyy Yo Y

Qrumesveesmeduma  uazez lddygranaugdlaluninldnnneesfdygranmsudiuices

! ) R £ o d } 4 4
aeuma 90 aeen e 119 lunseninadanegme s nmadneas e

10k

MW

6

31 3.24 2993189 umd 90 p9m

A0k Sin 512 kHz



45

J.
327 suiaudfNegames

o P A e g A w Yy o
WIT VA UFANDQIAINRT (Balance Demodulator) NNATUTvziuiesilanyMEAdIon LI
d o Aq W (D=5 1 [ 1d 9 1 g o
WM TUGNDYAIABS (Balance Modulator) N luninas NdeuandNuuaganiaumntiu feszuaag
~ 14 Ay a a ! v & 3 dyd Yy 4 o'y
Tugit 324 uazdomanideyafidanil 2 dw daiulumaiviifeededhasandauega
o 4 4 ° Y { [ a 4' v a o‘z’ a
1993 2 1993 eIz MmN dyn o 4 szRufignuegaaA Ay N IME Nanud sy
Y 3 o o Y o A o d
maaznaumeauIeive Tasewodyg o 1nnes)dyyiu Taoassfedaygia laiin
Y v o { J\ Yy a o 4
RN LAYy IUNegEANINs NAUGANEgIAIe T Nd B UM A ez dyaanIve 1In9s AR Y
= [ 4 Y o w ~ oy o Y
mar 90 aenfin dryyivgla lanigaudiudygruueganiessunaudauegiamesmediunie
AU INA
[ ~ o /o A [ <
ANHAIZIAZ I WATIDUATDINITUIATUFANDAAMBING 2 NITEMUBUNUNNYIZMITTY

v [ {
uaaa IAoan9951Aed fagiii 3.25

1k

WA ° o+12V
A‘j).l uF I

/\VA‘/\/

1k 51
1k
X ST *“/W\’"! 3.9k 3.9k 10K
2 3 0.1uF
0.1 uF 2 g ey
o it 10 g ] Vo
Carrier
Signal ¢ |
/P
10k
14 5
10k = 10k
§ 6.8 k
carrier nul 5

= ot ¢
?Jl]‘ﬂ 325N %5mmumuaqmmai

3.2.8 20sulasdeyeras 4 szavliidl 2 a

e [] o [ [ 4 ; 4 []
Wedyguruas audaegameinenni wdnelidyyuamdd  uazileniy
A v o 1

v A o [ o =1 o o
VUIUMIAATUIZADLUAS nﬂgﬂwacﬁué’nmﬂuﬁmjym 4. izﬂulnuauﬂuﬁmmuwmnauti71aa TN

v o 1

Py o ) ' i o d| ¥ a o v d
ﬁ'lu“ﬁﬂﬂi)ﬂulalﬁﬂii]‘\l@ﬂ'ﬂ']\?ﬂ'\uﬂ'\ﬂﬁ\i ﬂﬂuu&i'W'llﬂllﬂ@@&ﬂﬁﬂﬂﬁqlliy'!m 4 73ﬂﬁﬂﬂﬂﬁ131ﬁlﬂu

s an =Y 4 y o [ [~ an 1 1
dyarauainea 2 I e lUswiuiludeyadineadwende i



46

fé % o 3 o/ o/ ¢§
enrmazainlumsasieduszdy Telavinmsesnuuuesveedyyia 4 s2AY Fadl
=1 12 Y g 1Y [l [ uy 1 [
winaan lifie 1 v Wiludyapavinalng 8 v dssglaarginmsvoisdyanu 4 sz uagiag

TAums1ei 3.1

Buna 4 5eAU 1ANA 4 TTAU
(Fyanauuiain) (Fyauvuialng)
+150 mV 9V
+50 mV 7V
-50 mV 5V
+150 mV 3V

7

M3199 3.1 LA 13 Yo d Y IuAe LT 19 IAT 19T SR LAy

Y v

ludruveseasvnedyanudinant Idimseenuuuiaznanedsuaas 13 lugui 3.25

1% o 14 0 3 3 g Yo Y ' o dq ¥

TaveonavsvorveaUuentuuylunduda (mon-inverting) AR UNIULLLSIAUIIN 12 Taanin
1 ' . y

18 6 Thamdfiv 3 veseeruen maldifuszdudredelums voredyane du R, vosaesilez 1

Vv, =10 ke 195 usasveevesanes Wi ldandesmuaildhinisesnuuu 1l

+12V
Small Signal 1k o Large Signal
10k «# 1k 100)%
1k Lkt Sk
74 / 7

31 3.26 29vsve0dyy I 4 3TAY

iesAuvesdyauiivina ngjitvsmedumsaniussdunagiinamamsalumsdos

o

fuarRanmavesdyuudzgnas lidnesudassedu i 2 in Tagesldeenfsouioy

o

o 4 [ d o Y o v o 0 o 0 Iy Y
usedy  Feefeetioniimihfinrinduszdudyana  iimsdsgamsieuvesesiuenil1in
¥ 1
5V fu Aiifie 4 Taan, 6 Taavi uag 8Taav iiedyanaudnnesiusuilinazAissasivasy
~ U o o 1 Y o’/’ [ Ea2 Y c:v’ 9 % v o o
vuiounmuandndszninuinduiuazu hindudn udr e wyanwanyuzautavesdaiu
a o ' a Yo Y [ o A Ay a 4 Ao 9
sazReEALRaza 9z 1R um UL sfueRdesmsifios 5 Trant Tuvushidygraudin

° ' o A u‘:’ vy ' { w 9 1 o A é‘/’ 9 | o q’a’ Y
fnszauiaeld uaz 0 Toavt luvaziidygraudnnganhszavideBusseeiueniynda il



47

Y 99 Y o a ! y i ;
o Wareandanuaunai EX-OR Gate (TWidvsveseaionilezilou +12 Thast id7#in1 7 uazan 40
Tl e 4 d| ' g
aanI N At anavesestuenilz lufiTemmih way)

v o o U 2 9 d v aa A d @
AT 1WA INI9959 1910 EX-OR Gate nanazidudygyisasneaniiu Gray Code dem1

5199 3.2

Toyn 104 8UNA 1ENANINTE AR
IV 11
AY I 0
5V 0 0
3V 0 1

[

o o @ 9y [ [~ @ Iy
AITNN 3.2 HAAINITATIIIVISAY fyfy"lﬂluﬂ’llujaQﬁiyinmlﬂujﬁﬁlﬂﬁﬂIﬂﬂ

+12V
20k
8V + 20k
- 10k
210k
Input 4 Level 0% L
6V + g
| ; > [ = 14
10k
210k
4v ¥

1 [ L { a
31 3.27 wesulasdyayo 4 szt 2 e

3.2.9 nasutasdeyasynsuiudeyauuuuuiy

9 =y g v o a3 a 9y 0 o v a A g
nndeyaeynsui laninessudasdygia 4 szav it 2 T wwAsshnmsiiiadasuau

A Qy q'l a & [ (K] 9 Qy va A 9 =1 Y A 9 a
paznugandamieniaiuas hilvauvesdoyanll  Teus1lddasuauiiuaaiiudulingn

v W a

: 4 %, '
D-Flip Flop lfleuduewnavmile uagdnymilsaenudyaiauinm 32 kHz Adunlaldiing

A4 o a

Y ' Ay ] 3 =1 9 o J | 1 ° Y o
uauAURMIZENARsIMImMNIY Az lddygaewnaildyananidnuiiuyinihlydewdrniy
o a @ J =1 ° o J c’/‘ d a d A a d ]
ﬁiUquﬂm‘LJ'lWﬂﬁJﬂﬂ'NiﬁuUﬁ]u1‘l§fnla‘ﬁ 74HC163 MMIUVYU & ATY NITUNMIIHYAUAUATUTUAS T
Y 9 ' a L4 =1 [l o
doyana asdeayauuuvuuaenndwidmaes 74HCI64 Ayl AunzdsesnodnauuLvLIY

A EY a = 9 1 Y =]
YU 8 Uﬂel'nmmmamgmmuwm‘nﬂautmmmmm'cN awsuﬂawayamgnsmﬂuuuwmu

HaRaAag U 3.28



48

u

45V +5V +5V +5V +5V
74HC175 74HC195 74HC164 HLSIM 74HC244
158 18
'f vee 1Q § : A veC 116 j B QH g :7 ® vio |2 vee |2
R 20 8 R R Q6 ™
3 |2 bl¢ Y vee oF ;; }; 60 1Q z Mo : AL i —_]‘g 2
g Alp o) (35 =K 0 e vie—
: 5 13 1 ® 4 3Q N 3
—3» QC A s 7 9 8 12
¢ 2y Qg El Q5 A v |
B T 5Q s 13] % %5
ot 10 6Q A6 Y6 H—
(53 16 15 5
Ny 7| M s
i ) : & (T e L8
8 g X i [ 7 T et
CLOCK  GND GND__ CLOCK _load] GND LK GND  CK
] 10 8 1 1 0] 19
74HC08
A
45V +5V v +5V
ME 16 i é 2& S 16 Lol
1 —D V@ Gex P BN DPRQ—__——_———D V& G D 1
1 —c { 2D o 74HC08 o !
R air 74HCT4 HELE
Ry Y LAy
158 o LsB
74 74HC163
8
Load |2 101; GND
8 | co CK | RCO Load
74HC1E3 lxs 7
O cLock ik
a 1] Y G o
Zl]’ﬂ 3.28 2993 3UNTH away‘mmmﬂuwyaauﬂm
-y ll 9 ﬂ 9y
HAZNATHUANUBYaYNTNILUIB AL UUYUTIU



49

A
Unn 4

NINAaadlasHNan1INAang

d
4.1 yadszasnnimaaeg

1 @ an

1 t v 2
1. wernegluuumsdedyauasneamaiuiug mlumsinmg duuvsu  ae

4 o 1 Qs an a/ 1 a/ é
2. werhiauensdedyyiuataea 9as1A T 128 kbps avaedeyaiaiiy 8-PSK &

da o o 0 9 ] o = a
amsnaauuuAIataelAne 2 i vesmsdsdnyauuy QPSK vl l9veedyauitszins

4
ATMWUINUYU

N iy
4.2 HANIINANDIN AN ITDING

Tek HIIE 20MS/s 106 Acgs
T

[ 4

Ch1 Freq
127.7kHz
Low signal
amplitude

Ch2 Freq
254.8kH2z

P . S S,

Chi— IV W 2V WM 23ps Chi /7 gomy

22 Aug 2000
23:49:12

JUN 4.1 uyunua 1 dyuuIRn A WA 128 kHz

dyuiua 2 Fyy1utinTeend e 256 kHz

{ d a o Jd { {y o
nngdluununain 2 duwamsnanssvesissswandayae land aaud 256 kbz 7 1dnnn
nsviuednavesled XR2206 wenfdsasaie sgtinhiiudaananites uazluuruuuai 2
4 o 4 4 4 y o w S ) a a 2 Y o Y
hidyapudvanmaiannamahdyyronhseandassiianIanes wdnindhiesms
d Y o P=| a a A ° o o @ a o a a
2 Mg lddyaadivacy aud 128 kHz gasnihwmintudygaunidn Taedyaiauiinmaid

Y < o a @ o 4 ’
128 kHz fiag 14 Hudynnannfinmanlumsii luideudeyanamisa 128 kbps vesassmeninds



50

Tek HIE 20MS/s 47 Acqs
i °F.

LS 5 S o S0 S = B P R R My e 7o e B S o LR 77 o o TR S T (g T e 7 . A NG 0

Ch1 Freq
258.6kHz
Low signal
amplitude

Ch2 Freq
507.9kHz
Low signal
amplitude

: : : 3 : ; : '
................................................

LA, R ANAUA L

&E 2 VA T Ch2 2V M ZSHs Ch1 7 4omv

22 Aug 2000
23:54:32

[

3N 42 wwuuua 1 dygyraniives aawd 256 kHz

o o

HULIUA 2 FYYIBWINE A9IND 512 kHz

oo

[

73 @ /A . 44, .

g lunsmuai 1ifludygianied (pilot ) A1 256 kHz Tnaa lAnnierseeadaia

s & Y v @ [ o 4 Y o Y

wes ez ldassnliudygudeya 8-psk  luSenmsuieldlunsddyananme  uazd
v a ey v o Jdo ' A 1 A o = =1 [

dyaauWm e nuduiusnusznIauniesaaaznies u uag lunrunuahn 2 1ugddygyin
. { { o o/ o 1 o o/ é o/

Wng ( carrier ) A2WA 512 kHz Wadunnmnhdygianhisandnesenidres dedyanu

WIWM dygnamme uazdygienines wdssdlanuaunnsiu fedesaiannndygistines

v A @ o d o { ° v o o Y y !
Ay Tasdyramistudygiais nhneganiudyg e 4 STAU NMAIUNIANT BN



51

Tek HIOH sMS/s 13 Acgs
I 8 i 2

Ch1 Freq
128.3kHz
Low signal
amplitude

Ch2 Freq
12.82kHz
Unstable
histogram

22 Aug 2000
22:59:46

[ a

31N 43 nyuuua 1 Ay uuIwn A2 WA 128 kHz

DR

HULUA 2 dRURIMUIRATAING 12.8 kHz

L]

g a a { o o a
nngUhiudyanaundin aud 128 kHz uag 12.8 kHz tilfsuiouiu Taedygisundm
l:y o o/ o 1 é a/ o Q‘:

12.8 kHz 11 180 nnisirdyaeuiin A 128 kHz vidneesms 10 sedygranninimeass

[ . § % 2 }
amhtztimniudunavensssimeudeyannuunuiueynsy  uazdygianimaimd 128

Y g [ a [ o 4 EY =3 Y
kiz 1 wlnthdyaraniinmanlumanildifeudeyanimisa 128 kbps 8929939198 UN N

ﬂ' ¥
(A3 0IAY
Tek SileIiE SMS/s 200 Acgs
i T

Ch1 Freq
127.4kHz
Low signal
amplitude

Ch2 Freq
21.37kHz
Low signal
amplitude

Chl: . = Vs IV MO TOps ChT 7 320mV

22 Aug 2000
23:08:44

44 dygreun aawd 128 kHz Mvududya aueryaiv 9 vesled
74165 1l@dUNARAD 01010111



52

Tek SR 5MS/s 14 Acgs

I
4 t

CHiZVATEGE 2V W 10is CAT 7 -680mV

22 Aug 2000
23:20:50

- VI 1011 R, o B
9145 uvunua 1l jleyeeynsnhadwdasuauunzinduga

[ { Jd
prMIUa 2 deapunuguRvinivivesled 74175

4 4 9 4 oy 9 d Y o
nng usuad 1 ihideyasynsufnoinmaifoudeyaves lediues 74165 uanimn
3 ¥ [} ]
athadasudunasndugadaelediues 74175 uazluusuuah 2 Wudygyuiadenneslu
=Y v a i I A @ (] ﬂ‘l‘ y ° d
Tuamiiaad luusiees Taoldledes 74123 Fehmihinaawadlutenaidu q el

v 79 Yo ¢ { o { & Y a 4 a 4
Fuanoundes i lediuey 74175 Amihindussesadredasudunazinduga



Tek HGIEE 1MS/s 1542 Acgs
; F

I
L

;;;;;;;;;;

i o 4 a '3 g a
JUN46 wrunua 1 dyyiu Q Mesnninledives 74175 uazihuduwavesisesuiag
aa @ g 9 4
fJoyanitnea 2 szav Tdifudeyneynsu 4 sy
o ci = d g a
urunua 2 dygiu I eenvn ledives 74175 uaziiluunavesisesuilag
Y

an [ d v &,
Yoyadtnea 2 szav Tifudeyneynin 4 sedy

o { A 4 a Jd
nnyUiudyeiiiannmsneudeyasemmn 3 a vedledives 74175 Tavmsileu
A IUUIRMNINIINIIMT 3 Taohdyeuuinamg 128 kHz uin1svs 3 wazildaou
aunuasteyann 3 Smuufuly Taedygra Q Wudygiauerdvannu 2 uasdyane 1 i

drynoue1dna1nv1 7 veeled 74175

53



Tek SXE 1MS/s 758 Acgs
i b

M)

t g | i

i M !Sous, 1 ,Ch1, 5_,/_. Tt 52x.x5;v

12 Oct 2000

04:27:33

~ o = n_ A d g a
51U 4.7 wywma 1 dygial Heennn lodiues 74175 pautludunavereesuias
9

an [ d| 9 L
Yoyantnea 2 szav liiudeyasynsu 4 szaU

o ~ N A o d a
HYULUa 2 YY1 C neanNINN lacvm@s 74175 uaz;ﬂuauwmawwmﬂm
]

aa o g [
foynatnea 2 szay Tuiihudeyaeyniu 4 szau

Tek HE 1MS/s 510 Acqs

b [

Ch i o BN o1 SR 1TV o 1) M A -2
5 12 Oct 2000
04:30:42
! o ! 4 4 a
Ui 48 uruuua 1 dygQ feennnledives 74175 uazihiduravenssuilas
9 aa [ o 9 o
Joyndinoa 2 szav TUiudeynoynav 4 seay
o e ) Jd d a
w2 dygia ¢ eennnlediued 74175 unsiusunavesirveutag

9 an o g Y o
Yoyantnea 2 szavlUituteyneynsy 4 sz

54



55

Tek HIdE 1MS/s 6489 Acqs
T

A=

Chi AV 3V M 50ps Chi 7 —680mV

22 Aug 2000
23:31:24

~ o 4 an @ g
N 49 nrua 1 dygruiewavesnesiladeyadiaea 2 szau fudeya
PUIABNIZAL 41AUTUBUNANINUII, C
o ~ d ) aa o g Y
LYUIUA 2 dy MR IANATeIINIsLasveyanTnea 2 sEAL ITuveya

BU1ABN 4 5¥AY 1AUSUBUNANINI Q, C

Tek HGIE 2MS/s 339 Acgs
i I 4 (3 i
AAAAAAAAA .T" L3 - ,,,,.,Ax‘..!
O {1 Th | e J‘|| . “ ‘]l"ll‘yiwl ] /
i :‘ i 1 Il‘! i l%‘!". i w i II ll “ I [li’[’!l il il
I I

~ [ { o o A
JUN4.10 wuua 1 dygriufiewnaveddsssiauduegame’ Safusuuua I

uuuA 2 dygufie R HAYed NI ITMUFueganes Iafiusiun Q



56

Tek Run: 50MS/s  Sample [HIGKY
i I.

::-{

Ch1 Freq
510.9kHz
Low signal
amplitude

Ch2 Freq
511.9kH2
Low signal
amplitude

23 Aug 2000
00:18:23

= o \ J =
sUN 411 urunua 1 dygawime lyd a21wd 512 kHz

marunua 2 dannos I land amd 512 kHz 11n9asihauma 90

o O

RN

Tek Run: S0MS/s  Sample [HIENE
H ¥

. L T t - T
SRR s el | DRI
X 2 : % : 1 # P g ¥ 1 510.2kHz

| ch2Freq
.1 511.9kHz
i) B B vZra 7 A R VT ol 1) R 11711
: L

5412 wwunua 1 dyanawme land e 512 kiz
urwua 2 deyanaaland A210d 512 kBz nAsesoune 90 aeem



57

Tek EITTE 10MS/s 6 Acgs
|
L) 1
e
:@5 S15kHz
............... e
488.7kHz
’ i S “h2 = ~™M SHs CRT 7 —sgomv i e
RERD 20 250kHz ar
06:12:01
{ o o 1
JUN 413 uwunua 1 drynoue1@na 8-PSK Mannd
wauuua 2 mnasuvesdynyn 8-PSK
Tek EITaE 20MS/s 1308 Acgs
ELl 1 i
Gl 4 i
ey S e e e
: {@: S10kHz
IRy Ch1 Pk-Pk
| I 4.48 V
e
B et
Sl
alle
R ¢ . :
i:*; i i ; i
NN Vg . ‘ :
| %
N
ey,
Lhdiahs
ks
Ml 3
l 5 b}
bl :
| :
| - :
it 3 : ) ; ]
Chizee=-2 Voo M 2.5us Chl 7 2.04V
NFHY 20dB  500kHz 22 Mar 2001
10:16:37
3 4.14 dyayian 8-pSK v wfivdyanenivesfvuivalnauvesdaymya

dyeueidna 8-PSK rewfizdsninnindelidanaiy Aenimisawfudygienies
AR 256 kHz Aeu ewthdygenhseslUlFlunsddyapummennzdyyaninmed

@ An d o '
masuhaslas lusduniedunings



Tek ST SMS/s 17 Acgs

] )

ORI S00mv - ChZ TV WM 1ops ChT 7 250mV

3 Apr 2001
16:54:25
~ (3 o g = v o \ 4
U 4.15 dyrn 8-PSK vhimsnaea luunu x-y meuiudayyia T lan]
Tek Run: 500kS/s Sample  [NEENI
i, I h |
i 1 I 1
................. ¥
CHT—200mvh QB 200mvy M 100js CRT 7 252mV
3 Apr 2001
16:32:

gﬂ’ﬁ 4.16 glJ Constellation Diagram ¥93d7yay 194 8-PSK

d Y A A 'g A 9/ A v A ] A A ’3 1 @ (]
Ahudnvauzmaninavu ieanntayainien Ay swaazmoninavussaunanuay 90

RN



Tek HITiH 10MS/s 20 Acqs

14

: k et s T . ; o vael e ane b
- : : E s . 62V

: : ' : - 1 Chi Freq
T : : hine : Tl : S 128.2kH2

Low signal
amplitude

Ch2 Pk—Pk
2 : . . 7.8V

Ch2 Freq
128.2kH2z
Low signal
amplitude

31 Mar 2001
01:18:20

A [ A 9y A !
31 4.17 FyauuIWnIAn 128 kHz NMSAMUMAAT DI (UruLua 1)

~ [ .Y ~ Ay y A [
MouAUTYRIMUINNING 1A91NI93NIAIATBNTY

Tek STTH 50MS/s 14 Acgs

Z.-‘

Ch1 Freq
504.6kHz
Low signal
amplitude

Ch2 Freq
510.2kHz
Low signal
amplitude

ICh1j 5VA, Ch2

A A [ 9 1
31N 4.18 wauuua 1 dyammeneauningd
uyunuai 2 dynnuildeInaeesnseandnd 512 kHz

NNAUNINTY

59



60

Tek SR 20MS/s 13 Acgs

1=~

Ch1 Freq
259.7kHz
Low signal
amplitude

Ch2 Freq
259.7kH2
Low signal
amplitude

Ch1 Pk—Pk
1.12V

Ch2 Pk-PK
1.76 V

Chi] TUN R TUN WM ZSEs CAT 7 6omv

31 Mar 2001
02:14:54

~ o o ! 9/ A 1 A v @ o ! a9 Y
?J'LI"VI 4.19 aignunmmsmmaﬂmmmﬂsaemmmunuammmmsawq 1@

g o

NNENININTBITY

Tek STH 1MS/s 20 Acgs

-

Ch1 Freq
11.01kH2
Low signal
amplitude

Ch2 Freq
14.22kHz
Low signal
amplitude

]'ﬂf” Ty L

Chi 2V M 3N M S0is ChT 7 —g0mv

AT i AP e ter il i i By i WA 11 o o A S 7 By GO

Ap

1 r 2001
01:07:33

71 420 FyaaueniAveeIT LI LTANBGARBIMININTY

Sha.

parupua Livuiudyanuiurunua Qe Jeusumn

ea

$Uu 11100010



61

11 Acqgs

Tek HITE 500kS/s

—

GO 70V ChZ S00mv M 100§ CAT 7 TV

20 Mar 2001
02:43:24

[

U 421 JUdyaN 4 38R0 @10 1 uwunua Fyyiu 4szaunaninde (uuuai 2)

U o

[

~ o o A ' d [
llﬁUUL’V’lUUﬂU YU AN 'VI?J@ﬂ‘tﬂﬂNﬂiUWmu%ﬂ‘N@ﬂlﬂlﬂ65"}’11\1&’11«”’11?‘13U

Tek HENE 1MS/s 586 Acqs
; T 1
i J

I
1 t

@ ToVT T ChIT T S00mV M S0ps CAT S TV

20 Mar 2001
02:15:20

d' o -5 a/ o/ 1 y
51l 4.22 JUFyana: 4 58fU d1u Q uyuiuA Ayl 4 sTALNIINIATY (auuahi 2)

~ v o o A | e o 9 o
llﬁUUl‘V]UUﬂUﬁiyinﬁl 4 52A1 N9NINIINIT LA TUFANDAAMDINNATUNINTY



62

Tek ST 2MS/s 143 Acgs

-
—

31 Mar 2001
22:20:38

A Qan A ' 9 NN 8} o/
71071 4.23 31 eyadTnen 10 Taneniada (uumua 1) iazdeyadinea 10 Tananiniy

o W ANY A v 9 a ~ v v !
WIMUNYaYAN lﬂlW?U@UﬂUﬂl@Hﬁ@Uﬂﬂ'ﬂ{]@uL‘Unﬂ'ﬂNﬂ1Uﬂ1ﬂEW

Tek STeIH 2MS/s 323 Acgs
W 5

Ch VUM VA M 35S ChT 7 =11V

31 Mar 2001
22:23:31

511 4.24 31Yeyaddaea 10 Tantniad (usuma 1) sazdeyaataea 10 TANNAIATY

A o Y =Y

v
4 1y AN Y A v Y !
i]&ﬂ‘hlf)']‘u@%lﬁ')’l1ﬂL‘H'}Ja‘uﬂ]J’IlEH;‘IﬁEJuV!ﬁ'VI'ﬂE)U!‘UHJW]Nﬂ]UﬂWﬂﬂQ



63

!
unn 5
a d
unInsaiazajlma

o y 4 1 4 o o a g o
TumsvhInsenuisounisadauazingeds udnyyIntia 8-PSK A71M157 128 kbps 3511013
AnenTaojaniutandnms lunszuiunisuegaanu 8-PSK MIBBNLULNIINIAAI 7 Taveirya
1 ' [ o o o [ 9 4 1 4
aruguan 9 ntszneufuiuiessn Tasimsdmusdyauniuguuazdeyanged 1 4

v vd Ay y v S s s e i
goamithonesgudowu  udadersiiyeudeiuuaasd I IMduAUs N UAYY IUNHMUA

v ' 4 1 ' LY 'Y A 1 Y
Munslszreneasludaznin  nazmsdeuserssseninnineziidymegindiuandaiuly

¥
@

~
fatl
90N UHATYY U

wstidfann mawunasildnaadyaunined ( Pilot Signal ) 1WA 256 kHz uaz
o 0 it ' 4 1 i 4 0 o o o A
doahdyananineslidigresms 2 e ¥ 1darmi 128 kHz Fas i lUviitidygemnin
* 1 1 v
uazdeilouirgresonddereaiioadedygiummeanud 512 kHz lavidyanuie 3 Ay
9 o ! 9/ =) dy @ o @ <RV ~ 1 o o
doari lufleuliharsAoumniaaslulnseaudl  dygameaudyanaddesiinadalng ludiu

[ 3 u,: v [ N 9y Y o Y] (g [

( Synchronous ) faunsdaaBmIvMZIR: AR uuIRnTRedas 1wNIINd Yy IM1i17eA AU
° a k%3 G
2903 uiladeyaluins

A v vod 9 4 1 Yo e >
flosnndeyalumsdaiiudeyasynsy  delumsdateya lddmuald valudnbasiu
av (Y A d AN Yo Q) A ' ‘9 o ay 1 A
soudfumn 9 Fauownai leimeluilusdiets ualumsdeteyaludnvazinun Tumsinsan
5 A ' ' TR0 g |1 o Y ny
Yoyalunsesde amnsnindWuneunasuedteyala
0 susndyenutoya
k4 Vv
luduvensnsiizldetnsallszan  TTL  Aaiudhitiflamunminfivaanisdenld
Jdq ¢ v '
gUnsal Mz ey uageaniu L9 MR gIeIn
J J
NV IMUGNRGIAADT
v ¢ 3 g 3 s & o o v A o &
9219 1C w93 MC 1496 112995 1A TN YANDT BILTUTEAULTIAUDUNANAININGIIZ
0 q Y4 v o A o ° A QY o v q ¥
mldlszdudyanaufiometivuiadmnn Teomwizluanuige Jsdeshnmsveioussdulvgs

'X Qv 1
VUAIIITVE WA Y QY IUANUANAI
290 3T INAYEY I

dwd UK Ay Y EY ]
2958itluners i ligewin wad lareudiaumela

23930 399%29ANDI1 TR

v v
a

] qvql o o @ A d A A o 9 [ v e e e
Tuduvenasiiidwddguinlunesuidesnnduddinldnasuuazninadsduius
2 9 1 1 o/ 4 ' o o i (=) g \
fu Tunsmaneands dingneflyanassieenuuinn hiwedin dya e wman laramou 1
' Yo 9 ) { aln A o w ,S’
saannsaufilyan 18 lavadreesitidszAnsnmgefiemuiiae (Order) voeevsldgeiu uazaa

f1Q UDINIT



64

199INTRIVINNUANIHE

<4 { o { ' Y 4 1 v '
fhnssnsesmmiddyauivegaanianinds  Uyaiwediulnganio1ainiseyds

o o Uy

A o 1 Yo 3 o = Y
arwithses sazmsudlymntueufeniu
2903 AYYIMHITN

Ao 1 1 1o 1 r:yd [ L LY @
flenavsnsesnuiinded hiiflynwdr  Tudnnsstinezwetlymbinmin - Fyyw

b

) Ay ny o N =1 @ Iy 9 v Ny ~ N A
v laamnsoui ludygisuinmeduniaiy laegrellssansnm
1993 AYYIUWIHY
r‘:l [ A v o Jdo 9 d o 9 o v o do Y % a r:'g}
dedyanunmaniusiunds fwziivdyaruwmeduRusiuay dyaisuknig

nw gy o k% =) 0 9)ipisig a A
ulaamnsniunldlumsauegan laedalilszdansnm
Py ~ 9 ' ' Ao ' o Yo Al
agUuirInssnuiidsgnouaoiessdesmatoau leinnees i IndymnAevui

| 1 1A d 4 o 9 ] v v o do I Y kY Y <}
wn Tymdnlnginedtenisivgildmaduazaafudiiusiuila Jedeeaiieeesmaden

A VT A A A Y o A v o do 9 "0 Y
Q].]’V]Nljig’m’l‘ﬁﬂ'lWﬂLW@VlﬂzﬂﬁiUiym-.lW1W$'VHJ7"ITIN?(1JWU'Eﬂ]JWNmuﬂ1ﬂﬁ\] lﬂ

u o



ld’l [ d’ Y o U ¥ dl = 1 5 1 Y o ¥ c v 1%
wnanstiluenansnanulidmsunisidnumenisfnwvinnu ldeyaslmiluldusslewisnunisen

lidnsdllag vy BnnsudlidauUaslionuasiesdediadivaaenaisynasaninisiluly



AT

A19T
AZBO'T
API9T-

AZBOT-

0z8

AS -

06€

24 821 Yoo
T W:uwv»avowgﬁﬁcﬁﬂww@vﬂ
' ' $OSTHL
Hﬁ:
N
1 )
F1aND 4 ouo g Pl TTaNe |5
orld 31 ¥ . vig O
7|t 6| ¥ 8
djosawey I [——ul.
SIS U g g I KTy
€TISL
He v F E9ISWL w1
£ a0y 1
7 : q L J0A o
ol o2 PRl [ dducy yza ] P Lageu3 o
i % 1%an uu\m_\olmu = o] oA 27 d siqeu
®oueeq of  Ag- 1 o1
o
TH o Q
5] oo As+ A+ A+ As+
BN
Y1) soob
£l xvw
7 8
OT|}ON NI{| 6
— 9 HOSTHL
5
Tl A +A T «“
a €1 N\ N\ 1724
AG+ 6 1 z T m o
. X
s A o ano o 5 ano L] P Pe o
b ) ERCLEI 8 A i g |OND e} 1 ano % > | S
Tono i A A ] S G sa NT| o
2 3
Wod T SLISTL ba NT|
9 oo SSSHTAH vy e A 2 e 10 HO N
o) XYW v o d/1 feu 10 6 £«
[4 €A gz ot as 20 |6 St 2
9] 8 Lin €1 L. a €1 SLISThL d/1
g [T w % w A iy or| o€ g 5% ¥o | orlees  1a
b1 a1 0z VO A oa
@ A AT y 0A . 7 ar— 5 A [z 57122 ST|20A
° a €1 91 W e 5\ 6\ 3 /m $
o e i J/_/HJJ _/H
pow e
As+ ueleq 0f s+ As+ [} AS+ AS+

AS+

}

!

@ oy



;wv@w_&u@:vbw@wcwzﬁs?_’mﬁevﬁ_&:wowﬂ
n .v 1 .v 3 [

SSOENT
ATT- O0—
J 3
A8- O— g
MS
1no NI 1no NI 1n0 NI
1S o— S06£ 806£ 414 W
C
ano ano ano
3010 Hnooor
= L 1 L I A’
4ant0d ¥ Gnooot 4antod +hnooor BEEN L oLk
“hinto
aNo O
dng
—— lingoor
4 Ly W @I AT
antog] ﬂ?geﬁimﬂl [+ 4noozy | +
ano ano MS
AS+0O— — A —— )
o S08¢ NI lLno ¢18L NI . Lo L. 0
8 d
——0
ACT VI
®)
AZT+0— N L

SS6CCW




)
NN HH HIN HH : 7 HHH -
17 I A T T Z
i HTr ; HH
i1 N SRE0 A1 1 H ®
N JrT I |
J S Y , _fﬂr - ~
ASERY 1IN .W i i i |
=EEnTE 1 :m./wl,%:._ 1Thr o e T B RR iR Bl =l s = ©
HHEEN TR e N TEED T 55 pdals 1
SIS g 0 (B o - V. ¥ > [ g 8 1.8 o
HHES R A . s Hj ) By s L‘._UT..
N A A IR T TR R f i
+| ..~\. r gAMA T TR T lAv'nll.I
-+ -xl_rT‘f,l b — i
[T Fr ! L
: J 1
NI : o
T N H T
Eugasa : S T X = T
T + = +
N N T
T St I S ™~
“ « , | o
_ = NN
— ~
m J 1/ A J.q\ = m
I Pl AN AW\ J -
Y | Y N
:wM A, | \, Wv/./ N
T N ; N TN
T NN T S : B
—— A, & @\ N AN °
—r T NG I N P N i
; Y r ~ - o
~TTT T LN \Y N A
T & O ; ©
; Av \
[ IBR @\ N1 » .: ¥ T ps
1 X
e Dy .
o a\ . 9 1 I ©
4 1 N
e 3 e Ias <M 3 Lo}
: 1
T 1
T T X
ul A
H L 1]
, TN . B
H h
)
< =
H L o 1 S ?
" = : e e = s s
i A
=z T T -
. I rai T
iy - o~
A T 5, < A WM
O - >
q T .
A,
co o~ v w ) o~ S ™~ v w - n o~ y o © o - « -

103

N
Q

(SWHO-0TIM)

30NVLSIS3Y

10°

1O
PARAMETER

Fig. 2.28. Fourth-order low-pass Butterworth filter.
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“ EXAR

Monolithic Function Generator

GENERAL DESCRIPTION

The XR-2206 is & monolithic function @enerator inte-
arated circuit canahle of producing high qQuality sire,
square, triangle, ramp, and pulse waveforms of high-stability
and accuracy. The output waveforms can be both amplitude
and frequency modulated by an external voliage. Frequency
of operation can be selected externally over 3 range of 0.01
Hz 1o more than 1 MHz.

The circuit is ideally suited for communications, instru-
mentation, and function generator applications requiring
sinusoidal tone, AM, FM, or FSK generation. It has 3 typical
drift specification of 20 ppm/°C. The oscillator frequency
can be linearly swept over a 2000:1 frequency range, with
an external control voltage, having a very small affect on
distortion.

Low-Supply Sensitivity

FEATURES

Low-Sine Wave Distortion 5%, Typical
Excellent Temperature Stability 20 ppm/°C. Typical
Wide Sweep Range 2000:1, Typics!

0.01%V. Typical

FUNCTIONAL BLOCK DIAGRAM

XR-2206

p— —
AM
wi [1 e ]
SYMMETRY
on A0y
OUTPU?' 2 H 15' _J
MULTIPLIER
MULT OUT I 3 I 14|
SHAPER VIAVEF ORM
ADJ
*Vee |4 § 13]
[:— I 5 12] GROUND
TIMING
CAPACITOR veo
SYNC
L [s 1] B0
r o = 1ol BYPASS
TIMING E 1
RESISTORS CURGENT
l g [ WY I FSK
L 8 b 9| Weur

TIs (-
Py Equ Integrated Systems, Inc., 750 Palomar Avenue, Su

Linear Amplitude Modulation
TTL Compatible FSK Controls
Wide Supply Range
Adjustable Duty Cycle

10V 1o 26V
1% 10 99%

APPLICATIONS

Waveform Generation
Sweep Generation
AM/FM Generation
V/F Conversion

FSK Generation

-Phase-Locked Loops (VCO)

ABSOLUTE MAXIMUM RATINGS

Power Supply 26V
Power Dissipation 750 mWw
Derate Above 25°C 5mw/°C

Total Timing Current 6 mA
Storage Temperature -65°C 10 +150°C

ORDERING INFORMATION

Part Number Package Operating Temperature
XR-2206M Ceramic -55°C 10 +125°C
XR-2206N Ceramic 0°C 10 +70°C
XR-2206P Plastic 0°C 10 +70°C
XR-2206CN Ceramic 0°C 10 +7G°C
XR-2206CP Plastic 0°C 10 +70°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks. &
volizge-contrelied osciilator (VCO), an analog multipher
and sine-shaper; & unity gain buffer amplifier; and a set
of current switches,

The VCO acwally produces an output frequency porpor-
tions! 10 an input current, which is produced by a resisior
from the timing termiinals 10 creund. The current switches
route’one of the timing pins current 1o the VCO controlled
by an FSK input pin, 10 rroduce an output frequency. With
W0 1iming pins, two discrete cutput frequencies can be
independently produced for FS Ceneration Applications,

m

nnyvale, CA 92086 * (40%) 7327970 * TWX 910.332 8233
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XR-2206

ELECTRICAL CHARACTERISTICS

Test Conditions: Test Circuit of Figure 1, V* = 12v TA=25".C=001 uF R, = 100 k2. Ry = 10k, R3 = 25 kO
unless otherwise specified. $; epen for triangle, closed for sine wave.

”; XR-2206M XR-2206C
PARAMETER MIN. [ TYP. ’ MAX. MIN. T TYP, MAY. UNIT CONDITIONS
GENERAL CHARACTERISTCS
Single Supply Voltage 10 26 10 26 \%
Solit-Supply Voliage 25 213 =5 $13 v
Supply Current 12 17 14 20 mA R >10kn
OSCILLATOR SECTION
Max. Operating Frequency 0.5 1 05 1 MHz C = 1000 pF, Ri=1kn
Lowest Practical Frequency 0.01 0.01 Hz C=50uF, Ry =2MQn
Frequency Accuracy 1 24 12 % of 10 10 =1/RC
Temperature Stability 110 +50 120 ppm/°C 0°C< Ta< 75°C.
Ry =~Ry=20kn
Supply Sensitivity 0.01 0. 0.01 %/V VLow = 10V, Vi iGH = 20V,
Ry =Ry=20kn
Sweep Range 1000:1 2000:1 2000:1 fq =1L {H@R =1kN
fLer =2mMa
Sweep Linearity
10:1 Sweep 2 2 % fL=1kHz, g = 1Q kHz
1000:1 Sweep 8 8 % 1L-100H1,1H-100kHz
FM Distortion 0.1 0.1 % +10% Deviation
Recommended Timing
Components
Timing Capacitor: C 0.001 100 0.001 100 uf See Figure 4.
Timing Resistors: Ry & Ry 1 2000 1 2000 kK
Triangle Sine Wave Output See Note 1, Figure 2.
Triangle Amplitude 160 160 mV/k Q Figure 1, Sy Open
Sine Wave Amplitude 40 60 B8O 60 mV/k Q Figure 1, St Closed
Max. Output Swing 6 6 Vp-p
Output Impedance 600 600 Q
Triangle Linearity 1 1 %
Amplitude Stability 0s 05 dB For 1000:1 Sweep
Sine Wave Amplitude Stability 4800 4800 ppm/°C See Note 2.
Sine Wave Distortion
Without Adjustment 2.3 2.5 % Ry =30kn
With Adjustment 0.4 1.0 05 16 % See Figures 6 and 7.
Amplituge Modulation
Ihput Impedance 50 100 50 100 K0
Modulation Range 100 100 %
Carrier Suppression 55 55 dB
Linesrity 2 2 % For 95% modulation
Square-Wave Output
Amplitude 12 12 Vpp Measured at Pin 11,
Rise Time 250 250 nsec C_ =10pF
Fall Time 50 50 nsec CL=10pF
Ssturation Voltage 0.2 0.4 0.2 0.6 v i =2mA
Learage Current 0.1 20 0.1 100 HA Vit = 26V
FSK Keying Level (Pin Q) o0& 1.4 24 08 1.4 24 \% See section on circuit controls
Reference Bypass Voltage 28 3 3.3 25 3 35 \Y Measured at Pin 10.

Note 1:  Output emplitude is directly progortional 10 the resistance, R3, on Pin 3. See Figure 2
Note 2:  For maximum amplitude s1ability, B3 should be a positive temperature coefficient resistor,
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Figure 8:  Circuit Connection for Frequency Sweep.

+1 1030 rom o pL

Figure 10: Circuit for Sine Wave Generation without
External Adjustment. (See Figure 2 for
Choice of R3.)

Figure 12: Sinusoidal FSK Generator.

§,CLOSLO POA Bvrwave =

Figure 11: Circuit for Sine Wave Generation with
Minimum Harmonic Distortion. (R3
Determines Output Swing — See Figure 2.)

Figure 13: Circuit for Pulse and Ramp Generation.
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Frequency-Shift Keying:

The XR.220¢ can be operated with two separate timing
reasters, Ry ang 92, connected 10 the timing Pin 7 and 8,
respectively, as shown in Figure 12, Depending on the
polarty of the logic signal at Pin Q. either one or the other
of these timing resistors is activated. If Pin Q js open-
circutted or connected 1o a bias voltage 22V, only Ry is
activated. Similarly, if the veltage level at Pin 9 is <1V,
onty Ry is activated. Thus, the output frequency can be
keyed between two levels, fy and fo.as:

{7 = 1/RyCand Y 1/R2C

For split-supply operation, the keying voltage at Pin Q is
referenced to V-,

Output DC Level Control:

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figures 10, 11 and 12,Pin3
is biased midway between V* and ground, to give an
output dc level of =V */2.

APPLICATIONS INFORMATION

Sine Wave Generatian

Without External Adjustment:

Figure 10 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
Ry at Pin 7, provides the desired frequency tuning. The
Maximum outlpul swing is areater than V*Y/2. and the
typical distortion (THD) is <2.5%. If lower sine wave
distortion is desired, additional adjustments can be provided
as described in the following section.

The circuit of Figure 10 can be converted 1o spiitsupply
operzton, simply by replacing all ground connections with
V7. For split-supply operation, R3 canbe directly connected
1¢ ground.

XR-2206

With External Adjustment:

The harmonic content of sinusoida. J1put can be reduced
10 =0 5% by additional adjustments as shown in Figure 11.
The potentiometer, Ra. adjusts the sine-shaping resistor,
and Rg provides the fine adjustiment for the waveform
symmetry. The adjustment procedure is as follows:

s Set Rg at midpoint, and adjust Ra for minimum
distortion,

2. With Ry set as above, adjust Rg 1o further reduce
distortion,

Triangle Wave Generation

The circuits of Figures 10 and 11 can be converted 1o
triangle wave generation, by simply open<ircuiting Pin 13
and 14 (ie., Sy open). Amplitude of the triangle is approxi-
mately twice the sine wave output.

FSK Generation

Figure 12 shows the circuit connection for sinusoidal FSK
sianal operation. Mark and space frequencies can be inde-
pendently adjusted7 by the choice of timing resistors, Ry
and Ry: the output is phase-continuous during transitions,
The keying signal is applied 1o Pin 9. The.circuit can be
converted 10 split-supply operation by simply replacing
ground with V-

Pulse and Ramp Generation

Figure 13 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying ter-
minal (Pin 9) is shorted 10 the square-wave output (Pin 11),
and the circuit automatically frequency-shift keys itself
between 1wo separate frequencies during the positive-going
and negative-going ouiput wavetorms. The pulse width and
duty cycle can be adjusted from 1% to 99%. by the choice
of Ry and Ry The values of R; and Ro should be in the
range of 1k 102 MQ.
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PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operation:
The frequency of osciuation, fo. is determined by the
external liming capacitor, C, across Fin 6 and 6, and by the
timing resistor. R connected 10 either Pin 7 or 8. The fre.
quency is given as. :

fo= R_C- Hz
and can be adjusted by varying either R or C. The recom-
mended values of R, for a given frequency range, are shown
in Figure 4. Temperature stability is optimum for 4 kQ <
R < 200 k. Recommended values of C a.e from 1000 pF
10 100 uF.

Frequency Sweep and Modulation:
Frequency of oscillation is proportional 10 the 1013l liming
current, |1, drawn from Pin 7 or 8:

(301 (mA)
~ C(uF)

Timing terminals (Pin 7 or 8) are low-impedance points,
and are internally biased at +3V, with respect to Pin 12.
Frequency varies linearly with 7. over a3 wide range of
current values, from 1 gA 10 3 mA. The frequency can
be controlled by applying a control voltage, V., to the
aclivated timing pir as shown in Figure 9. The frequency of

oscillation is related 10 Ve a¢:
) R \

e = 1651 -0
RC RC( 3 ) Hz

where Ve s in volts. The voltage-to-frequency conversion
0a.n, K, is given as.

0.32

Rcc

K =31/3Vc = - Hz/V

CAUTION: For safe operation of the circuit, IT should be
limited 1o K3 mA.

Output Amplitude:

Maximum output amplitude is inversely proportional 10 the
external resistor, R3, connected 10 Pin 3 (see Figure 2). For
sine viave outnut, amplitude is approximately 60 mV peak
per k§ of R3: for triangle, the peak amplitude is approxi-
mately 160 mV peak per k) of R3. Thus, for example,
R3 = 50 k ©2 would produce approximately *3V sinusoidal
output amplitude.

Amplitude Modulation:

Output amplitude can be modulated by applying a dc bias
and a modulating signal 10 Pin 1. The internal impedance at
Pin 1 is approximately 100 k2. Output amplitude varies
linearly with the applied voltage a1 Pin 1, for values of dc
bias at this pin, within *4 volts of V*/2 as shown in Figure
5. As this bias level approaches V*/2. the phase of the
output signal is reversed, and the amplitude goes through
zero. This property is suitable for phase-shift keying and
suppressed-carrier AM generation. Total dynamic range of
amplitude modulation is approximately 55 dB.

CAUTION: AM control must be used in conjunction with
3 well-regulated supply, since the output amplitude now
tecomes a function of v+

EQUIVALENT
SCHEMATIC

DIAGRAM

ORI




General Description

The LF351 is a low cost high speed JFET input operational
amplifier with an internally trimmed input offset voltage
(BI-FET II™ technology). The davice requires a low supply
current and yet maintains a large gain bandwidth product
and a fast slew rate. In 2ddition, well matched high voltage
JFET input devices provide very low input bias and offset
currents. The LF351 is pin compatible with the standard
LM741 and uses the same offset voltage adjustment circuit-
ry. This feature allows designers to immediately upgrade the
overall performance of existing LM741 designs.

The LF351 may be used in applications such as high speed
integrators, fast D/A converters, sample-and-hold circuits
and many other circuits requiring low input offset voltage,
low input bias current, high input impedance, high slew rate
and wide bandwidth. The device has low noise and offset
voltage drift, but for applications where these requirements
are critical, the LF356 is recommended. If maximum supply

NNational Semiconductor

LF351 Wide Bandwidth JFET Input Operational Amplifier

December 1995

current is important, however, the LF351 is the better
choice.

Features

| Intemnally timmed offset voltage 10 mV
= Low input bias current 50 pA
B Low input noise voltage 25 nV/{Hz
B Low input noise cumrent 0.01 pA/\iﬁE
B Wide gain bandwidth 4 MHz
B High slew rate 13 V/us
® Low supply current 1.8 mA
®m High input impedance 10120
H Low total harmonic distortion Ay =10, <0.02%

Ry =10k, Vo =20 Vp-p, BW =20 Hz-20 kHz

B Low 1/f noise comer 50 Hz
| Fast settling time to 0.01% 2 us

Typical Connection

Re
MW

Vee

TL/H/5648-11

Connection Diagrams

Dual-In-Line Package

Simplified Schematic

Voo ©

Yo

INTERNALLY
TRIMMED

Ve ©

INTERNALLY
TRIMMED

TL/H/5648-12

1 -/ 8

BALANCE —— NC
2 7

INPUT = — v*
3 6

INPUT — — QUTPUT
_ 4 5
Vo — — BALANCE

Order Number LF351M or LF351N
See NS Package Number MO8A or NOSE
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Absolute Maximum Ratings

If Military/Aerospace sneciiied devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage +18V

Power Dissipation (Notes 1 and 6) 670 mW
Operating Temperature Range 0°Cto +70°C
Timax) 115°C
Differential Input Voltage +30V
Input Voltage Range (Note 2) +15V
Qutput Short Circuit Duration Continuous

Storage Temperature Range —65°Cto +150°C

Lead Temp. (Soldering, 10 sec.)

@;
JN Package 120°C/W
M Package 8D
Soldering Information
Dual-In-Line Package
Soldering (10 sec.) 260°C
Small Outiine Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of solderiny sur-
face mount devices.

ESD rating to be determined.

Metal Can

DIP

300°C
260°C

DC Electrical Characteristics (vote 3)

F351
Symbol Parameter Conditions s Units
Min Typ Max
Vos Input Offset Volitage Rs = 10k}, To = 25°C 5 10 mV
Over Temperature 13 mV
AVps/AT Average TC of Input Offset Rg=10 kQ 10 LV/C
Voltage
los Input Oftset Current Tj = 25°C, (Notes 3, 4) 25 100 pA
T < 70°C 4 nA
g Input Bias Current Tj = 25°C, (Notes 3, 4) 50 200 pA
Tj< £70°C 8 nA
Rin Input Resistance Tj=25°C 1012 Q
AvoL Large Signal Voltage Gain V= +15V, Tp=25°C 25 100 V/mV
Vo= +10V, R =2k}
Over Temperature 15 V/mv
Vo Output Voltage Swing Vg= +15V, R =10k +12 +135 v
Veum Input Common-Mode Voltage +15 Y
Range Vg= +15V +11
-12 1
CMRR Common-Mode Rejection Ratio Rs<10 k) 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 5) 70 100 dB
Is Supply Current 1.8 3.4 mA




AC Electrical Characteristics (ot 3)

Symbol Parameter Conditions LF35) Units
Min Typ Max

SR Slew Rate Vg=+15V, Tp=25C 13 V/ps

GBW Gain Bandwidth Product Vg= +£15V, T,=25°C 4 MHz

e, Equivalent Input Noise Voitage ;l': Tofg%fs =1009, 25 Wiz

in Equivalent Input Noise Current T;=25°C, f=1000 Hz 0.01 pA/VHz

HNote 1: For operating al elevated temperature, the device must be deratsd based on the thermal resistance, 8.
Note 2 Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 3 These specifications apply for Vs= + 15V and 0°C< Tp < + 70°C. Vog, Ig and los are measured at Voy=0.

Note & The input bias currents are junction leakage cumrents which approximately double for every 10°C increase in the junction temperature, T:. Due to the limited
production test time, the input bias currents measured are correlated {0 junction 1emperaturs. In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp. ij Ta +8ja Pp where 8ja is the thermal resistance from junction to ambient. Use of a heat sink is

recommended if input bias current is 10 be kept 1o a minimum.

Note 5 Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simuitaneously in accordance with common practice. From

+15Vio +5V.

Note & Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part 1o operate
outside guaranteed limits.




Typical Performance Characteristics
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Typical Performance Characteristics (continued)

Distortion vs Frequency
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Pulse Response

Small Signal Inverting

OQUTPUT VGLTAGE SWING (50 mV/DIV)

TIME (0.2 ws/DIV)

TL/H/5648-4

Large Signal Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (0.2 us/DIV)

TL/H/5648-6

Small Signal Non-Inverting

OQUTPUT VOLTAGE SWING (50 mV/D1V)

TIME (82 5/DIV)

Large Signal Non-inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (02 us/DiV)
TL/H/5648-7

Current Limit (R_= 100Q)

OUTPUT VOLTAGE SWING (1v/DIV)

Application Hints

The LF351 is an op amp with an internally trimmed input
offset voltage and JFET input devices (BI-FET [ITM). These
JFETs have large reverse breakdown voltages from gate to
source and drain eliminating the need for clamps across the
inputs. Therefore, large differential input voltages can easily
be accommodated without a large increase in input current.
The maximum differential input voltage is independent of
the supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will

TIME (5 us/DIV}

TL/H/5648-8

cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode timit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output.

Exceeding the negative common-mode limit on both inputs
will force the amplifier output to a high state. In neither case
does a latch occur since raising the input back within the




Application Hints (continued)

common-mode range again puts the input stage and thus
the umplifier in a normal operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier will be
forced to a high state.

The amplifier will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increase in input ofiset voltage
may occur.

The LF351 is biased by a zener reference which allows nor-
mal circuit operation on +4V power supplies. Supply voit-
ages less than these may result in lower gain bandwidth and
slew rate.

The LF351 will drive a 2 k@2 load resistance to + 10V over
the full temperature range of 0°C to + 70°C. If the amplifier
is forced to drive heavier load currents, however, an in-
crease in input offset voltage may occur on the negative
voltage swing and finally reach an active current limit on
both positive and negative swings.

Precautions should be taken to ensure that the power supply
for the integrated circuit never becomes reversed in potarity
or that the unit is not inadvertently installed back-

Detailed Schematic

wards in a socket as an unlimited current surge through the
resulting forward diode within the IC could cause fusing of
the internal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body closs to the
input to minimize “pick-up” and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it paraliels
is greater than or equal to the original feedback pole time
constant.
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Typical Applications

Supply Current Indicator/Limiter

» V0 SYSTEM SUPPLY

VsupeLy

1914

Pulse Generator

w914 81

v-
* Vout swilches high when Rglg > Vp

Ultra-Low (or High) Duty Cycle

® loutPuT Low = R2C £n

where Vg = V+ + |v—|
~low leakage capacitor

 loutPuT HIGH = RIC £n

i

48 — 2Vg
4.8 — Vg
Vs — 7.8
Vs - 78

s Vour

O ouTPyT

7 VOLTAGE CONNECTION

T0 CONTROL CIRCUITRY

RESET

INTEGRATE

Hi-Zyy Inverting Amplifier
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1
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Parasitic input capacitance C! = (3 pF for LF351
plus any additional layout capacitance) interacts
with feedback elements and creates undesirabie
high frequency pole. To compensats, add C2 such

that: R2C2 = RIC1.

Long Time Integrator
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“Low leakage capacilor
© 50k pot used for less sensilive Vg adjust

Q

1
—OVour= = _/ Vig OIT
b

TL/H/5648~10




&National Semiconductor

February 1995

LM1596/LM1496 Balanced Modulator-Demodulator

General Description

The LM1596/1M1496 are doubled balanced modulator-de-
modulators which produce an output voltage proportional to
the product of an input (signal) voitage and a switching (car-
rier) signal. Typical applications include suppressed carrier
modulation, amplitude modulation, synchronous detection,
FM or PM detection, broadband frequency doubling and
chopping.

The LM1586 is specified for operation over the —55°C to
+125°C military temperature range. The LM1496 is speci-
fied for operation over the 0°C to + 70°C temperature range.

Features
® Excellent carrier suppression
65 dB typical at 0.5 MHz
50 dB typical at 10 MHz
| Adjustable gain and signa! handling
B Fully balanced inputs and o' *5uts
B Low offset and drift
® Wide frequency response up to 100 MHz

Schematic and Connection Diagrams

~OUTRUT
0 6(5)

=OUTPUT
O 9(12)

__8(10)
CARRIER
mpulcj(a)
4
_ M) e A
SIGNAL
1(1
INPUT (1)
"‘“-02(2) GAIN
~O ADJUST
3)

5(5)

BIAS O——g- 07 '/os
09
500 500
500
10(14)
V- o— ) !

Numbers in parentheses show DIP connections.

TL/H/7887-1

Metal Can Package

~CARRIER
INPUT

+CARRIER
INPUT

TL/H/7887-2
Top View
Note: Pin 10 is connected electrically to the
cass through the device substrate.
Order Number LM1496H or LM1596H
See NS Package Number HO8C

Dual-In-Line and Small OQutline Packages

N
+SIGNAL IN—{1 14—V
GAIN ADJUST—2 13—
GAIN ADJUST—3 12 f— ~OUTPUT
~SIGNAL IN—14 11—
BIAS—{5 10— ~CARRIER INPUT
+OUTPUT —16 9
-7 8= +CARRIER INPUT

TL/H/7887-3
Order Number LM1496M or LM1496N
See NS Package Number M14A or N14A
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LM1596/LM1496 Balanced Modulator-Demodulator

General Description Features
The LM1596/LM1496 are doubled balanced modulator-de- ® Excellent carrier suppression
modulators which produce an output voltage proportional to 65 dB typical at 0.5 MHz
the product of an input (signal) voitage and a switching (car- 50 dB typical at 10 MHz
rier) signal. Typical applications include suppressed carrier ® Adjustable gain and signal handling
modulation, amplitude modulation, synchronous detection, ® Fully balanced inputs and o its
(P::rl:il)pc;)ri nZM detection, broadband frequency doubling and B Low offset and drift

i m Wide frequency response up to 100 MHz
The LM1596 is specified for operation over the —55°C to RIUEEDY responss Up
+125°C military temperature range. The LM1496 is speci-
fied for operation over the 0°C to + 70°C temperature range.

Schematic and Connection Diagrams

Metal Can Package

=OUTPUT =QUTPUT
6(6) %(12)
~0UTPUT
Q1 Q2 Q3 Q4
~CARRIER
INPUT
8(10)
CARRIER
INPUT ®) +CARRIER
INPUT
4]
_ A as —
SIGNAL
INPUT _ 1(1
PUT (1) +OUTPUT
2(2) O GAIN
——=7 0 ADJUST
X3)
5(5) % TL/H/I7887 -2
BlASO—1 a8 Top View
Note: Pin 10 is connected electrically 1o the
] cass through the device substrate.
500 500 Order Number LM1486H or LM1596H
N See NS Package Number HO8C
10(14)
vV O—— : 2
TL/H/7887-1 Duat-In-Line and Small Qutline Packages
Numbers in parentheses show DIP connections. V
+SIGNAL N—{1 14 Y
GAIN ADJUST—12 13—
GAIN ADJUST—13 12— -0UuTPUT
~SIGNAL IN=—44 11—
BIAS=—15 10— ~CARRIER INPUT
+OUTPUT —{6 9f—
-7 88— +CARRIER INPUT

TL/H/7887-3
Order Number LM1496M or LM 1496N
See NS Package Number M14A or N14A
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Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Intemnal Power Dissipation (Note 1) 500 mw
Applied Voltage (Note 2) 30V

Differential Input Signai (V7 — Vg) +5.0V
Difterential Input Signal (v, —~ V1) +(5+IsRo)V
Input Signal (Vo — V1, V3 — Vy) 5.0V
Bias Current (Is) 12mA

Operating Temperature Range LM1596 —55°Cto +125°C
LM1496 0°Cto +70°C

Storage Temperature Range —65°Cto ~ 150°C

Soldering Information
© Dual-In-Line Package

Soldering (10 seconds) 260°C
¢ Small Outline Package

Vapor Phase (60 seconds) 215°C

Infrared (15 seconds) 220°C

See AN-450 “Surface Mounting Methods and their effects
on Product Reliability” for other methods of soldering sur-
face mount devices.

Electrical Characteristics (Ta = 25°C, unless otherwise specified, see test circul)

1
Parameter Conditions S il Units
Min | Typ | Max | Min | Typ | Max
Carrier Feedthrough Vc = 60 mVrms sine wave 40 40 pVrms
fc = 1.0 kHz, offcet adjusted
Ve = 60 mVrms sine wave 140 140 pVvrms
fc = 10 kHz, offset adjusted
Vg = 300 mVp, square wave 0.04] 0.2 0.04| 0.2 | mVrms
fc = 1.0 kHz, offset adjusted
Vg = 300 mVp, square wave 20 | 100 20 | 150 | mVrms
fc = 1.0 kHz, not offset adjusted
Carrier Suppression fs = 10 kHz, 300 mVims 50 | 65 50 | 65 dB
fc = 500 kHz, 60 mVms sine wave offset adjusted
fs = 10 kHz, 300 mVrms 50 50 dB
fc = 10 MHz, 60 mVrms sine wave offset adjusted
Transadmittance Bandwidth R_ = 600 300 300 MHz
Carrier Input Port, Vg = 60 mVrms sine wave
fs = 1.0 kHz, 300 mVrms sine wave
Signal Input Port, Vg = 300 mVrms sine wave 80 80 MHz
V7 — Vg = 0.5Vdc
Voltage Gain, Signal Channel Vs = 100 mVrms, f= 1.0 kHz
V; — Vg = 05 Vde 2.5/’ 35 25 [3.5 V/V
Input Resistance, Signal Port = 5.0 MHz
V5 — Vi = 08 Ve 200 200 kQ
Input Capacitance, Signal Port f=5.0MHz
V7 = Vg = 0.5 Vde 72 20 7
Single Ended Output Resistance | f = 10 MHz 40 40 kQ
Single Ended Output f= 10 MHz
Capacitance 5.0 5.0 pF
Input Bias Current (17 + 1g)/2 12 | 25 12 13 | pA
Input Bias Current (I + Ig)/2 12 | 25 12 | 30 KA
Input Offset Current Iy — lg) 0.7 | 50 07 | 50| pA
Input Offset Current (I7 — lg) 0.7 | 50 501 50 nA
Average Temperature (=55°C < Tp < +125°C) 2.0 nA/°C
Coefficient of input (0°C < Tp < +70°C) 20 nA/°C
Offset Current
Output Offset Current (le — Ig) 14 | 50 14 | 60 nA
Average Temperature (—55°C < Tp < +125°C) 90 nA/°C
Coefficient of Output (0°C < Tp < +70°C) 90 nA/°C
Offset Current




Typical Application and Test Circuit

Suppressed Carrier Modulator
1k
) o °- AAA- O +12V
1 4, 39 r;w—]“W‘LI
Q.1 uF 1k :E 51 e 1k e 4;
I 2(2) 33) = g 3.9k S 3.9k
- 7(8)
= 6(6) 0 +Vg
cm‘“mlm v I; 8(10)
C o1puF
Vg LM1596
MODULATION 101)
INPUT 9(12) 0=V
4(4)
10(14) S
Sk Stk S5t L =)
> > :,51
6.8k
CARRIER — jg'“ pk Numbers in parentheses show DIP connections.
NULL _ I
Sl j; —— —
-8V a
Note: Sy is closed for “adjusted” measurements. TUHITESEES
SSB Product Detector
+8 VDC
1k
[ | 1
2(2) 3(3) 3.9k :; 3.9k
CARRIER INPUT 7(8)
300 mYrms 51 6(6)
51 0.005
’——NW— 8(10) uF
] — LM1596 —
SSB SIGNAL 17 by 1 uf
eyt 71X i2) AR o 11 DENODULATED
2= AR AF QUTPUT
~ 0.005 0.005
5(5) HE HF
6.8k 4 .
Numbers in parentheses show DIP connections.

=8 Vde

This figure shows the LM 1596 used as a single sideband (SSB) suppressed carrier demodulator (product detector). The carrier signal is applied to the carrier input
port with sufficient amplitude for switching operation. A carrier input level of 300 mVrms is optimum. The composite SSB signal is applied to the signal input port
with en amplitude of 5.0 to 500 mVrms. All output signal components except the desired demodulated audio are filtered out, so that an offset adjustment is not
required. This circuit may also be used as an AM dstector by applying composite and carrier signals in the same manner as described for product detector
operation.
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Typical Applications (continued)

Broadband Frequency Doubler
+12 Vdc
L) 7
VW
1k
4 1k
<
51 2(2) 33) RLgh
e VY P — 7(8)
c 51 6(6) < Aye, cos2et
H—n &10)
= 1__0*_,
8, cosel O—eg 1(1)
%(12) ~hye cos2e
— «4)
10(14 5(5
10k 10k :;51 ) )
< 51
50k
t _" 6.8k Numbers in parentheses show DIP connections.
-8 VOC <

TL/H/7887 -7
The frequency doubler circuit shown will double low-level signals with low distortion. The value of C should be chosen for low reactance al the operating frequency.
Signal level at the carrier input must be less than 25 mV peak to maintain operation in the linear region of the switching differential amplifier. Levels 1o 50 mv peak

may be used with some distortion of the oulput waveform. If a larger input signal is available a resistive divider may be used at the carrier input, with full signal
applied to the signal input.
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