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Abstract

From the conception of the frequency response testing of the filter circuits such as Low-
Pass Filter (LPF), High-Pass Filter (HPF), Band-Pass Filter (HPF), and so on, testing for the cut-
off frequency and frequency response of these circuits must take times. This leads us to design the
Network Analyzer circuit, which is the more comfortable and convenient way to test the filter
circuits for these properties. Note that in testing process for frequency response in the filter
circuits, we interest in only amplitude response but we add the idea of phase response testing
process in our Network Analyzer, too.The components of the Network Analyzer circuit are the
Computer-Controlled Sine Wave Generator Circuit, Peak Detector Circuit, Phase Detector
Circuit, Analog to Digital Converter Circuit, and Computer Interfacing Circuit. The result of the
Network Analyzer circuit can be appeared on the monitor of the computer, and we can notice the

frequency cut-off of the filter circuits too.
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GND g1 arH - VQCHCK |
RESET DRV — — SD7 :
. +3VDC Ll L 206
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~ -5V DC L - SDa
.. DRQ2 - - sSD3
_ 12voc ==~ — —SD2
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vitmirdaneuiiamenty a lleeBonseuutiaiii 1sa T s AT SunSoamnemsa
Y03LTHY IBM qAiEuAues ISA 1191 8088-base IBM PC Faflufidsnulidl ag. 1981
PC/XT tar i} 62 pin udaluil net. 1984 AT IBM PC AT Radundousudiuiusn 36 pin 910
PC/XT sionazaantums 9oy luTas Tuswawed 80286 Fefidoyana Joya 16 9a uaz
dyyannueninsa 24 G Foanueen uadoaruvss POXT SRedelyil

2.2.2 AQYANMUUAADAIRINVEI PC/XT

2.2.2.1 OSC (Oscillator; 41 B30)
mﬁyﬁlumwﬁww‘*ﬁqLfkanﬁaﬁuﬁmmmﬂﬁanﬁﬁmmﬁqaqﬂuumuua{ﬂ fio
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v3equnanl 10 7i 8088 Aesntsdndedan Tnefidaaa A0 aeiifudinyfge (Least Significant
Bif) oy A19 wlivludAiygeqa (Most Significant Bit) dmiusweamsauuiaueanse AO-
Al9 f'rﬂzqnf‘i'muﬂiﬂu 8088 lusgninvummsendeudeyaaslumizsnnusmiegynsel
/0 Lm“lumwawmums DMA-Controller %"ri‘luwﬂmuﬂmu.aﬂmsﬁuuummmﬂsmm (lu
ST 8088 9 QNANBBNIINIZUL)
2.2.2.5 DO-D7 (Data Bus; 91 A9-A2)
1l1ﬁ'£ytu1mfrﬂztﬂutmn Bi-Directional éqdeﬁuﬂ'ﬁ%gmmsznu et
Tumsdeindeyaszniimesn vo fu BMPC Tasiia DO aefitisdfydigauasiin D7 eedl
Ay
2.2.2.6 ALE (Address Latch Enable; 91 B28)
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umﬁﬂ‘imﬁaﬁ’uq 19
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111ﬁtuty1m°ff\1 6 f‘rtﬂwnﬁuwwﬁ‘l%'ﬁmi"nmwa%ma%’%’wﬁmn 8088 lay
f'ftytummdwfrﬁzdmﬁﬁu 8259A vuwuueialasase Tsunsuludau BIOS vas IBM/PC 92
‘msTusuunsw 82594 19 IRQ2 UdAuANTIAYGIA (Highest Priority) tiag TRQ7 Jdauaau
dfgfidga lunsdftinmsvedumediwinatu feszduneinfist TRQ nlavmilegnldon
918990 “0” {luasin
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uﬂﬂLﬂsmmfmmem?muummﬂmsﬁuuﬂwanaaaﬂmuuumeua Taedoynszdnsgndioen
muunﬁﬂawaumﬁwmﬁtymm IOR Uszana 30 ns olidule’ld 088 aunansudoya
18gndes
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ndygnuiidhuoviynesiiassn <o FagnatretuTne 8288 Bus Controller (e
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seutaiu imsdsdeyasenumiiadeya Iﬂﬂnmﬂmmi‘mfuﬂzﬁaqdq%gaaﬂﬂmlu%a
1981 30 ns AowTid U MEMW szndudiunedn «1" waiiels soss 14 Sudoyaiigndes
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mﬁtgfmmﬁvq 3 ﬁi‘luﬁmmmﬁuwmmﬂﬁﬂﬁaaﬁﬂ “1* Fegunsalmeusnaunse
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8088)
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uonii @edn “17) tu dhulfalwdavesmaums DMa '
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3.1 WA ILTONABNUABNNIAD
U A [ a g P ¥ [
1995 @UFOUADAABURADS (Computer Interfacing) 92sznouludie lods2ss
& = d Aa '8 a A 9 a -4 o )
Fuiuledneiadunn-owinn I Minelineunumesannsodsaldauqumsiauve
b4 a [V~ a 9 v 9 9/ (] a ¢ A
eesmeuenld lusnz@eiudausoiies Iissneuendedoyadungaouianesine
Yszunawa ldeensdidszaninm uazdResdineesdiunensia (Decoder) fguUBAATAN
ABURADI ABINsTanUiunquuBARITYB3I9TAwUBAlASIAU ABURUADSSa9z
. vy i 4
ansadeamnsssmeueniuld Tasawsdiuoeasiaueamsailez 19 lofiwes 7415688
4 ~ a ¥ a 4 9 [ a 1 a < Y o 4
guiuleduSouiivudoyn 8 1a 299 Fedmssiusuuiiadeiia Neslvdygaemynesn
L 4
n wazeethdyanud I dudayeu Enble 1o% 8255 an'ly
9/ 1Y * d” =2 9 o {!1 WI o ° a9 13’
Arenanmsnieg es 3eldiunlszgnaldlae iimsimuaueamsandeans 13
a a A 1Y a a s n’/’ 1 1
Tavldanaind ilosnndyaausaniannaeuiuaesd 10 da dafuSwiaeiiu 2 nqu
nquusnfedayaa AC-Al swifudygruniuguamsiiauvesleds2ss uesldmheamlu
Tnuala Snnquiedaanu A2-A9 widifludyanaueamsadng loduwes 741s688 e
MssunsuLazaeaIve (Decode)
[ b4 ) 3
awaniaenldledwes 74Ls688 uazardIadtiu moanuazainlumsliunasu
uennsalfcenndestunsuiaumes 1 lnsdioiues
4 1 4
M IMUAMSTIUYBINBI NN (Port Assignment) Y04 1o 8255 1 aziludail

PORT_A TWidu Input Port Sudoyaninaees A/D dauvuinvesdgygm |Wg

~

aounans e liilszinanade

PORT B Wil Input Port Sudeyaninaees A/D dauanuamanavesdygu |€1g
aouiaaed elulszianade 11

PORT C T Output Port mihiidsdayanuniuquan sunsuneufiaumes 1
faaaesmouen Memmsaugumsiamludiuie Ta
c7  lildem
C6  MUARUMININIMYBINDT A/D
C5  AIUQUMIINEUUBIANS Peak Detector UAZI993 Phase Detector

Y
c4-co fudayanasmusmsidenmedyauueslod Multiplexer 1149 2 72
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3.2 2esavaedaanalad
f‘ftytmmlmﬁﬁiﬁus:uugun:ﬁi’wmmﬂmiﬁmu‘um'lac?smnanmm?iﬁ'wuw
&u (Voltage Controlled Oscillator: VCO) ta¥ XR-2206 Saaunsafuiiadoyanaldsaiia fio
ﬁrgmumémﬁ'ﬂu, ﬁq;mummum?;ﬂu, wazdoyaat land éwmi‘luﬁ'&mwmmﬂuiﬂswmﬁ
Taomsee I lod XR-2206 ﬁ%'wﬁ'tytywm'lcvﬁﬁmmﬁdnq'lﬁ'lfu srefoMEnmITOLAY
snvesialodiosiiin Swhnsdnszudesnaine 7 vealed Xr-2206 fienaeaiuly fez
amnsam i led xr2206 aedyanaiinauiann fueennld
msdmnuieniuguanyduesdyana lniildnnmsadievedled xr-2206 9
uldawauns
F = (320*It (mA.)) / C(uF) Hz.
Taoh F - owdvesdayann lniidesns (Hz)
It : ﬂszuﬁﬁgnﬁmanﬂ1ﬂm7ﬂ1m'la°'?fXR-2206 (mA)
C : maaufulszgi i musanutvesdaysnuvesleFXR-2206 (uF)
TagAnszua It 18u1910
It=V7/R7
dle It : nszuaiignasennavizyeslod XR-2206 (A)
v7: fusesumelundi w.u7veq1ed XR-2206 (% 3V)

R7 : A mmuiitiindeseninereesled Xr-2206 fugansian ()

Fotuszsi 13 dvhmsndoudasi R7 Wluvuzidneh ceiiiled
XR-2206 sunsaaddagnudiinimauandsiusenindlugaemils uagdnlfous cli
Taeflaneld R7 g Aezvilidasve sdygna landi1d/Gonly

Sromaiiseldrhelediaamanied (Multiplexer) twes DGS06A wnlszynd 19y
2vsduaadoygnuland Taolo@faiihiun 16-1 Multiplexer Ssamnsafmuas R7 18
l6fi1ﬁﬂ1ﬂqfﬁ"sﬁ”lﬁ‘3 TasluTaseiidon1dleddaiizin T ldaunseadredyanaland

P a 4
1832010 Tasmsauguan llsunsuneununes
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v v b d
msfuaanutvesdyanalaifusves R7 7% sxdludsil

C=0.1F C =0.001 uF
No. F (Hz) R7 (L)) No. F (Hz) r7(€))
1 10 960K 17 3K 320K
2 20 480K 18 5K 192K
3 30 320K 19 7K 137.14K
4 50 192K 20 8K 120K
5 70 137.14K 21 9K 106.67K
6 80 120K 22 10K 96K
7 90 106.67K 23 20K 48K
8 100 96K 24 30K 32K
9 200 48K 25 50K 192K
10 300 32K 26 70K 13.71K
11 500 192K 27 80K 12K
12 700 13.71K 28 90K 10.67K
13 800 12K 29 100K 9.6K
14 900 10.67K 30 200K 438K
15 1K 9.6K 31 300K 32K
16 2K 48K 32 400K 2K

o v a o :v o T @ a .
ihdygnaueminnnn lediaamanweineal liaeivuzvesled xr-2206 e
azda Tasezld ¢ Amuannuddeiu fusnld 0.1 uF AaRaesld 0.001uF ineTgrenud
v 9
#lassnutiannsasessulalidszana 10-400K Hz.
o’l’ o d a : s VoW P! a d 4
i dyenaeminnuesled Xr-2206 w27 lilaeduledeurnendiag wes
A Qs : M 1 L 4
4066 esmdygnaielfihududnudrdudigusivides Taedygruniuguns
o A o o o A v a 4
mnuvesewaenaiagwdiudyanadnduiuildauguiadminwes
o { [ 9 [ [ [ o a
Faananrutuudezgniiusauldiiususedidadiu o Toad wazldiivens/a

aned (Uszanu2laad) nieufiszdelilfviaasnadey (Device Under Test)
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3.3 1NVIEIHATIVVVHANB VA UBINIVINA (Peak Detector)

~ o - ‘iy
UNanNNIIANU

1.

o [V d d [ 0 w 9 Y [V
ninsdunsizddygiuledaiwaisieaanainiduds Taslevannisves
Multiplexer

dyanalanii IdezgansewssduInassenn USuvinaueuagalvimunzan
Aowdngesnaasy

(3 d a [ @
FyanuemiynvenasinaasuezganlasuiunssiuldassTagasesaseiy
1459AUEBA (Peak Detector)

o o a v a . v v A 9y
useu IaseszgnlSusnauenildsalfiaumnaves A/D fAeuliufe 5 V.udd
AdNg993 AD
o b4 9 1 9 ¢ v a
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° o d @ a 4o g 9 Add o
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o ¥ g /4 4 A o ° 2 ' 2
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Y93NIINNAADY

e » 3 ]
TunmsoonuuL9IATIT LI AUBDA (Peak Detector) Ty ﬁ\i“?lﬂ')ﬁﬁ']ﬁ\‘iaﬂﬁﬂﬂ'ﬁ

o & a @ )
N19IUYes C ‘mﬂzﬁ"mmﬁmmsﬂs:quazmaﬂszi} Iﬂﬂ%%gﬂﬂ’)ﬂﬂﬂﬂ'lﬂﬂ’liﬂﬂﬁ'milﬂﬂ

a d v @ o o’: <X 9 0. X & v ¥ . A
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v2'ldgnmaelsey - 60 * 1u

= 60 uS

Y
sariumsou Tsunsutedosmiletedana 60 uS Tunmsavilszques ¢ Tuses
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Peak Detector ﬁﬁ"w
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3.4 9w umsfasumlasmunavesdayaias (Phase Detector)
iissnnlumsiinsaransuaussmandvesdya s wwdseinnmsaseiusyy
mafnRoundas S 18eenuuuliidneesasin Ao wesBndngaw eesina Wudasae
Sumsldoumaravesdyanu ﬂi:ﬂaufT‘umi97;ﬁmunym?'lﬁmsmﬁ‘;mﬂuﬁmtym;ﬂhﬂf
é"qﬁgu‘ﬁq01ﬁ'ﬂﬂszmumstﬂ?‘uuuﬂmﬁqjmwm;ﬂImﬁiﬁt‘i‘luﬁ’mimmiﬂ?}mﬁﬂufiau"?iﬂzmm
FUR029950090AINA T TﬂtJa1é"ftmﬁnmﬁ‘f«"uyuaéwiwmame%mﬁamﬁamzﬁmmﬁu
(Voltage Comparator)  1i/0 18 daanaanumaaduds Tasodondnmaiiinaduyes
BiinNsolindias (Power Electronics) 11:ulﬁ'auﬁnujtgmmmdmﬂm‘fulﬁtﬂuﬁmmﬂm‘lﬂ
434 Tate 1995059992108 udaRe1R (Store & Filter Circuits) oAz oI
Azl oz dede lfnesuasdyanadeluududygnuduay (D) uazdsde
qm‘funﬁ'lﬂﬂizu’mvm“luﬂauﬁmas’da11] Tasezerfedyguniuguiiceandosiufiung
viludmadedyanugyland uazaeesAsaesuMIAeundasmannavesdaanu  (Peak

Detector)
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v
3.5 1M UIuERN A (OPTO Isolator)
4 Y ~ a t 4 o ' a o o
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2 i a ' :a' a 3 3 S L Y
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N 4 [ < le LY 4 Y [} “
AD3 BN (Isolate) FayaNaNT 1A Y9N3 2 29vseEATINAY etlesnuilyveeda
¥ .
WNATY NI UAIUNAABNRUADT F29950 81BN NI BUINIZINT YR IUTUNIUIIN

1495 MIUDNADIITABUNAAD S D9 HAY

& H 2
3995 OPTO Isolator Midenldiu wenldledwes 4aN31 uiluuuy DIP (Dual Inline
~ L A 1 é =9 1
Package) 6 91 moluiiaeeseg 2 daufo dau Input H3 LED dluesfilszney uazdau
& = 2 a v o @
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UNN 4

Nﬁﬂ1iﬂﬂﬂﬂd&!ﬁ$ﬁ§ﬂﬂﬁﬂﬁﬂﬂa@d

4.1 2925ANUDEIAIU (R = 1KCD, C = 0.1 uF, Vin=2 Vp-p)

| ‘/' poT % }r v/ P
L
|
gﬂﬁ4.nw3ﬂsmmm?;é§whu
W Blﬁlwﬁﬂ'ﬁﬂﬂﬁﬂﬂﬁﬂﬂ'ﬁw
Frequency (Hz.) Amplitude (Vp-p) 20 Log(Vout/Vin) Phase Angle (Degree)

10 2.0 0 0
20 2.0 0 0
30 2.0 0 0
50 2.0 0 0
70 2.0 0 0
80 2.0 0 0
90 2.0 0 0
100 2.0 0 3.64
200 2.0 0 7.35
300 2.0 0 11.08
500 1.925 -0.332 14.70
700 1.85 -0.677 20.57
800 1.80 -0.915 23.23
900 1.775 -1.037 26.18
1K 1.70 -1.412 29.39
2K 1.30 -3.742 43.20
3K 1.00 -6.02 55.40
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Frequency (Hz.) Amplitude (Vp-p) 20 Log(Vout/Vin) Phase Angle (Degree)
5K 0.68 -9.37 70.50
7K 0.52 -11.7 72.0
8K 0.45 -12.96 70.82
9K 0.40 -13.98 73.33
10K 0.36 -14.89 75.0
20K 0.20 -20.0 80.8
30K 0.13 -23.74 90.0
50K 0.08 -27.96 90.0
70K 0.06 -30.46 90.0
80K 0.05 -32.04 90.0
90K 0.045 -32.96 90.0

100K 0.04 -33.98 90.0
200K 0.035 -35.14 90.0
300K 0.02 -40.0 99.0
400K 0.01 -46.02 90.0

@137 4.1 HEAIHANITABLAUBIABANINYBIIRINIBIR LA IHIM NN 4.1

AUAHA (Cut-off Frequency) 942415 431 4.1

- INMIAUIN Freq.
- 1IAMINAABY Freq.

- 910 Network Analyzer =

4
suiunlosFuaanuAANAIAYBY Network Analyzer =

= 1591 Hz.
= 1500 Hz.
1500 Hz.

667 %
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v

4.2 1VIANNUAGINIY (R = 1K), C = 0.1 uF, Vin=2 Vp-p)

SR
zﬂ‘ﬁ4.2aa ‘i]iﬂiﬁ]\iiﬂ’ﬂ‘uéq\i WU
W ulﬁﬂﬁﬂ?iﬂﬂﬁ@ﬁﬁﬂﬂ"ﬁﬂ
Frequency (Hz.) Amplitude (Vp-p) 20 Log(Vout/Vin) Phase Angle (Degree)
10 0.0 = 90.0
20 0.0 H 90.0
30 ' 0.0 A 90.0
50 0.06 -30.46 90.0
70 0.08 -27.96 90.0
80 0.09 -26.94 90.0
90 0.10 -26.02 90.0
100 0.12 -24.44 90.0
200 0.22 -19.17 87.3
300 0.33 -15.65 81.8
500 0.52 -11.7 71.14
700 0.70 -9.42 72.0
800 0.78 -8.18 69.68
900 0.86 -7.33 65.5
1K 0.94 -6.56 62.45
2K 1.40 -3.098 45.0
3K 1.60 -1.94 332
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Frequency (Hz.) Amplitude (Vp-p) 20 Log(Vout/Vin) Phase Angle (Deg,re;1
SK 1.80 -0.915 223
7K 1.85 -0.677 19.43
8K 1.89 -0.49 17.7
9K 1.90 -0.45 133
10K 191 -0.399 11.02
20K 1.93 -0.309 7.42
30K 1.95 -0.22 5.54
50K 1.96 -0.175 3.71
70K 1.97 -0.13 2.60
80K 1.98 -0.09 0.0
90K 1.99 -0.044 0.0

100K 1.99 -0.044 0.0
200K 2.0 0.0 0.0
300K 2.0 0.0 0.0
400K 2.0 0.0 0.0

1379 4.2 LETAIHANSABLAUBIABATINAYBINsNTBIR MBI IuIR 42

ANAEA (Cut-off Frequency) V092993 1l 42

- 9INMIAUIN Freq.
- 91ANSNAADY Freq.

- 910 Network Analyzer

1

Il

1591
2000
1500

Hz.
Hz.
Hz.

Vv
SuiulediFudanuRana1nYed Network Analyzer=  6.67 %
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i‘lJi!!ﬂ‘mﬂ’mﬂ‘im1§‘ﬁN]u‘U?NNili Network Analyzer

#include <graphics.h>
#include <maih.h>
#include <dos.h>
#include <stdio.h>
#include <conio.h>
#define Port A 0x300
#define Port B 0x301
#define Port C 0x302
#define cont  0x303
void main()

{

clrser();

/* Address control Port_A */

/* Address control Port C */

/* Address control 8255 */

int n,x1,x2,y1,y2,x,p[10],q[281,y[28],w[101,},i=0;

outp (cont,0x92);
outp (Port_C,0+32);
delay(2000);

printf("

for(x=0x0;x<=0x0f;x++)
{
for(j=0;j<=9;j++)
{
outp (cont,0x92);

outp (Port_C,x+128);

delay(200);

outp (Port_C,x+64);
delay(20);
pljl=inp (Port_A);
wljl=inp (Port_B);

/* send bit cont 8255 to i/p Port_A */

/* Reset */

... Loading ..\n");

/* 10Khz-1Khz */

/* send output 32 bits */
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outp (Port_C,x+32);
delay(200);
}
ylil=(p[0]+pl 11+p[2]+p[31+p[41+p[5]+pl6]+p71+p[81+p[91)/10;
qUEI=(WIO]+wl 1 +wl2]+w[3]+w(4]+w[S]+w[6]+w[7]+w[8]+w[9])/10;
i++;
}
for(x=0x0f;x<=0x L¢;x++) /* 1 Khz- 100 Khz */
{
for(j=0j<=9:j++)
{
outp (cont,0x92);
outp (Port_C,x+128); /* send output 32 bits */
delay(200);
outp (Port_C,x+64);
delay(20);
plil=inp (Port_A);
w(j]=inp (Port_B);
outp (Port_C,x+32);
delay(200);
}
ylil=(pl0]+pl 1]+p[2]+p[3]+p[41+pl5]+p[61+p[ 71+p[8]+p[91)/10;
qlil=(wlol+wl 1 +w{2+w(3l+wl4ltwlST+w([61+w(7]+w[8]+w(9])/10;
i+t

2

}

outp (Port_C,0);

delay(600);

outp (Port_C,0+64);
delay(20);

int temp2[32]={35,70,90,120,140,146,151,155,190,210,240,260,266,271,
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275,310,330,360,380,386,391,395,430,450,480,500,506,

511,515,550,570,585};

cirser();

float z,21,22;

while(n!=0) /* while loop */
{
printf("MENU\n");

printf("1 : Frequnecy Response ")
printf("2 : Phase Response \n");

printf("3 : Exit Program \n");

printf("Please enter number :");
scanf("%d",&n);
switch(n)

{

case 1: /¥ casel ¥/

{

clrser();

int driver = VGA ,mode = VGAHI;
initgraph(&driver,&mode,"c:\\tc1\\bgi");
setviewport(0,0,630,470,1);
rectangle(35,23,630,443);

moveto(250,10);
outtext("FREQUENCY RESPONSE ")

movetn(15,460); /* Freq */



outtext(" 10Hz");

moveto(145,460);
outtext(" 100Hz");
moveto(155,440);

outtext("]");

moveto(265,460);
outtext(" 1KHz");
moveto(275,440);

outtext("|");

moveto(380,460);
outtext(" 10KHz");
moveto(395,440);

outtext("|");

moveto(500,460);
outtext(" 100KHz");
moveto(515,440);

outtext("|");

moveto(580,460);
outtext("[Freq]™);
/* dB */
moveto(1,10);
outtext("[dB]");

moveto(1,17);
outtext(" 0");

moveto(32,20);

54



55

outtext("");

moveto(1,125);
outtext("-10");
moveto(32,125);

outtext("-");

moveto(1,230);
outtext("-20");
moveto(32,230);

outtext("-");

moveto(1,335);
outtext("-30");
moveto(32,335);

outtext("-");

moveto(1,440);
outtext("-40");
moveto(32,440);

outtext("-");

=0:
int temp1[28];

for(i=1;i<28;i++)

{

z=(float)(y[i])/0xft; /*ratioin 1V.*/
z=log10( z)*20; /* Semi log */
z=2*21/2 ; [*plot y ¥/
z=-z+20;

moveto(temp2[il,z);
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templ[il=z;
outtext("x");

}

for(i=1;1<27;i++)

{
line(temp2[il+4,temp1[i]+4,temp2[i+1]+4,temp1[i+1]+4);
}

line(35,51,630,51);
moveto(1,51);

outtext(" -3");

getch();
closegraph();
}

break;

case 2: /* case?2 */

{
clrser(); /¥ PHASE DETECTER ¥

int driver = VGA ,mode = VGAHI;
initgraph(&driver,&mode," c:\tc1\\bgi");
setviewport(0,0,630,470,1);
rectangle(35,23,630,443);

moveto(250,10);

outtext(" PHASE RESPONSE");

moveto(15,460); /* Freq */
outtext(" 10Hz");



moveto(145,460);
outtext("100Hz");
moveto(155,440);

outtext{("|");

moveto(265,460);
outtext("1KHz");
moveto(275,440);

outtext("|");

moveto(380,460);
outtext("10KHz");
moveto(395,440);

outtext("|");

moveto(500,460);
outtext("100KHz");
moveto(515,440);

outtext("|");

moveto(580,460);

outtext("[Freg]");

moveto(1,10);

outtext(" o");

moveto(1,17);
outtext(" 90");
moveto(32,20);

outtext("");
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moveto(1,223);
outtext(" 0o");
moveto(1,230);
outtext(" 45");
moveto(32,230);

outtext("-");

moveto(1,433);
outtext(" 0"
moveto(1,440);
outtext(" 0");
moveto(32,440);

outtext("");

int temp1[28];
for(i=2;1<28;i++)

{

z=(float)(q[1])/0xff; /* ratio in 1V.¥/
z=2%420/0.88 ; [¥plot y */
z=440-z;

moveto(temp2[i],z);

templ[il=z;
outtext("x");

}

for(i=2;i<27;i++)

line(temp2[i]+4,temp1[il+4,temp2[i+1]+4,temp1[i+1]+4);

getch();
closegraph();



break;

case 3:

n=0;
break;
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/* case 3 */

/* end switch ¥/
/* end while loop */

/* end program */



FEATURES

e | ow-Sine Wave Distortion, 0.5%, Typical

e Excellent Temperature Stability, 20ppm/°C, Typ.
e Wide Sweep Range, 2000:1, Typical

e Low-Supply Sensitivity, 0.01%V, Typ.

Linear Amplitude Modulation

TTL Compatible FSK Controls
Wide Supply Range, 10V to 26V
Adjustable Duty Cycle, 1% TO 99%

22 EXAR
/N ..the analog plus company™

XR-2206

Monolithic
Function Generator

June 1997-3
APPLICATIONS

e Waveform Generation
e Sweep Generation

e AM/FM Generation

e V/F Conversion

e FSK Generation

e Phase-Locked Loops (VCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of
high-stability and accuracy. The output waveforms can be
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
externally over a range of 0.01Hz to more than 1MHz.

The circuit is ideally suited for communications,
instrumentation, and function generator applications
requiring sinusoidal tone, AM, FM, or FSK generation. It
has a typical drift specification of 20ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequency
range with an external control voltage, while maintaining
low distortion.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 Lead 300 Mil PDIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil PDIP 0°C to +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C -

- Rev. 1.03
©1972 -

TOM

EXAR Carporation, 48720 Kato Road, Fremont, CA 94538 4 (510) 668-7000 4 (510) 668-7017

1



XR-2206 #° EXAR
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© @ ©
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Figure 1. XR-2206 Block Diagram
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AMSI
STO
MO
Vee
TCH
TC2
TR1
TR2

16 Lead PDIP, CDIP (0.300")

FREFFEFEL

6] SYMA2 AMSI
5] SYMAT STO
[1a] wavEA2 MO
[13] WAVEAT Vee
2] GND TC1
11] SYNCO TC2
0] BIAS TR1
o] FSKI TR2

A00nonna

LN S, B N R U

gogooooro

XR-2206

SYMA2
SYMA1
WAVEA2
WAVEA1
GND
SYNCO
BIAS
FSKI

16 Lead SOIC (Jedec, 0.300”)

PIN DESCRIPTION

Pin # Symbol Type |Description
1 AMSI I Amplitude Modulating Signal Input.
2 STO (0] Sine or Triangle Wave Output.
3 MO 0] Multiplier Output.
4 Vee Positive Power Supply.
5 TC1 l Timing Capacitor Input.
6 TC2 | Timing Capacitor Input.
7 TR1 (0] Timing Resistor 1 Qutput.
8 TR2 0 Timing Resistor 2 Output.
9 FSKI | Frequency Shift Keying Input.
10 BIAS 0] Internal Voltage Reference.
11 SYNCO 0] Sync Output. This output is a open collector and needs a pull up resistor to Vee.
12 GND Ground pin.
13 WAVEA1 | Wave Form Adjust Input 1.
14 WAVEA2 | Wave Form Adjust Input 2.
15 SYMA1 | Wave Symetry Adjust 1.
16 SYMA2 | Wave Symetry Adjust 2.

=i Rev. 1.03-

M




XR-2206 _ #ZBEER

DC ELECTRICAL CHARACTERISTICS .
Test Conditions: Test Circuit of Figure 2 Vec = 12V, Ta = 25°C, C = 0.01uF, Ry = 100kQ, Ry = 10kQ, R3 = 25kQ
Unless Otherwise Specified. S1 open for triangle, closed for sine wave.

XR-2206M/P XR-2206CP/D
Parameters Min. ' Typ. | Max. | Min. ] Typ. l Max. | Units |Conditions
General Characteristics
Single Supply Voltage 10 26 10 26 \Y
Split-Supply Voltage +5 +13 +5 +13 \
Supply Current 12 17 14 20 mA Ry > 10kQ
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz |[C =1000pF, R4 =1kQ
Lowest Practical Frequency 0.01 0.01 Hz C =50uF, Ry{=2MQ
Frequency Accuracy +1 +4 +2 % of fo |fo=1/R4C
Temperature Stability +10 +50 +20 ppm/°C | 0°C < T <<70°C
Frequency ' R =Ro =20kQ
Sine Wave Amplitude Stability? 4800 4800 ppm/°C
Supply Sensitivity 0.01 0.1 0.01 %N | Viow = 10V, Vg = 20V,
Rq =Ry =20k
Sweep Range 1000:1 { 2000:1 2000:1 fu=fL |fq @ Ry =1kQ
fL @ Ry = 2MQ

Sweep Linearity

10:1 Sweep 2 2 : % fL = 1kHz, fy = 10kHz

1000:1 Sweep 8 8 % f_ = 100Hz, fy = 100kHZz

FM Distortion 0.1 0.1 % +10% Deviation
Recommended Timing Components

Timing Capacitor: C 0.001 100 | 0.001 100 uF Figure 5

Timing Resistors: Ry & Ro 1 2000 1 2000 kQ
Triangle Sine Wave Output! FSigure 3

Triangle Amplitude 160 160 mV/kQ | Figure 2, SJ Open

Sine Wave Amplitude 40 60 80 60 mV/kQ | Figure 2, S1 Closed

Max. Output Swing 6 6 Vp-p

Output Impedance 600 600 Q

Triangle Linearity 1 1 %

Amplitude Stability 0.5 0.5 dB For 1000:1 Sweep
Sine Wave Distortion

Without Adjustment 2.5 25 % Rq = 30kQ

With Adjustment 0.4 1.0 0.5 1.5 % See Figure 7and Figure 8

Notes

" Output amplitude is directly proportional to the resistance, R3, on Pin 3. See Figure 3.
2 For maximum amplitude stability, Rz should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

7 Rev. 1.03 AT e T@M“




22 EXAR

XR-2206

DC ELECTRICAL CHARACTERISTICS (CONT’D)

XR-2206M/P XR-2206CP/D
Parameters Min. | Typ. I Max. | Min. ] Typ. I Max. | Units |Conditions
Amplitude Modulation
Input Impedance 50 100 50 100 kQ
Modulation Range 100 100 %o
Carrier Suppression 55 55 dB
Linearity 2 2 Yo For 95% modulation
Square-Wave Output
Amplitude 12 12 Vp-p |Measured at Pin 11.
Rise Time 250 250 ns C_=10pF
Fall Time 50 50 ns CL =10pF
Saturation Voltage 0.2 0.4 0.2 0.6 \ IL=2mA
Leakage Current 01 | 20 01 | 100 | wA |Veg=26V
FSK Keying Level (Pin 9) 0.8 1.4 24 0.8 1.4 24 Y See section on circuit controls
Reference Bypass Voltage 2.9 3.1 3.3 25 3 3.5 Vv Measured at Pin 10.

Notes

! Output amplitude is directly proportional to the resistance, R3, on Pin 3. See Figure 3.
2 For maximum amplitude stability, Az should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

PowerSupply ..., 26V Total Timing Current ........................ 6mA
Power Dissipation ....................... 750mW Storage Temperature ............ -65°C to +150°C
Derate Above 25°C ...................... 5mW/°C '

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set of
current switches.

The VCO produces an output frequency proportional to
an input current, which is set by a resistor from the timing

terminals to ground. With two timing pins, two discrete
output frequencies can be independently produced for
FSK generation applications by using the FSK input
control pin. This input controls the current switches which
select one of the timing resistor currents, and routes it to
the VCO.
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XR-2206
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XR-2206
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XR-2206
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Figure 14. Circuit for Pulse and Ramp Generation.

Frequency-Shift Keying

The XR-2206 can be operated with two separate timing
resistors, R4 and Ry, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 13. Depending on the
polarity of the logic signal at Pin 9, either one or the other
of these timing resistors is activated. If Pin 9 is
open-circuited or connected to a bias voltage > 2V, only
R4 is activated. Similarly, if the voltage level at Pin 9 is
<1V, only Ra is activated. Thus, the output frequency can
be keyed between two levels. f; and f,, as:

f1 =1/R1C and f, = 1/RoC

For split-supply operation, the keying voltage at Pin 9 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 Figure 77, Figure 12and
Figure 13, Pin 3 is biased midway between V+ and
ground, to give an output dc level of ~ V+/2.

APPLICATIONS INFORMATION
Sine Wave Generation

Without External Adjustment

Figure 11 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
R4 at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V*/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 77 can be converted to split-supply
operation, simply by replacing all ground connections
with V-. For split-supply operation, R3 can be directly
connected to ground.

TOM'



With External Adjustment:

The harmonic content of sinusoidal output can be
reduced to -0.5% by additional adjustments as shown in
Figure 12. The potentiometer, Rp, adjusts the
sine-shaping resistor, and Rg provides the fine
adjustment for the waveform symmetry. The adjustment
procedure is as follows:

1. Set Rg at midpoint and adjust R for minimum
distortion.

2. With Rp set as above, adjust Rg to further reduce
distortion.

Triangle Wave Generation

The circuits of Figure 17 and Figure 72can be converted
to triangle wave generation, by simply open-circuiting Pin
13 and 14 (i.e., Sy open). Amplitude of the triangle is
approximately twice the sine wave output.

FSK Generaticn

Figure 13shows the circuit connection for sinusoidal FSK
signal operation. Mark and space frequencies can be
independently adjusted by the choice of timing resistors,
R¢{ and Rpy; the output is phase-continuous during
transitions. The keying signal is applied to Pin 9. The
circuit can be converted to split-supply operation by
simply replacing ground with V-.

Pulse and Ramp Generation

Figure 14 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying
terminal (Pin 9) is shorted to the square-wave output (Pin
11), and the circuit automatically frequency-shift keys
itself between two separate frequencies during the
positive-going and negative-going output waveforms.
The pulse width and duty cycle can be adjusted from 1%
to 99% by the choice of Ry and R. The values of R4 and
Rz should be in the range of 1kQ to 2MQ.

XR-2206

PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operation:

The frequency of oscillation, f,, is determined by the
external timing capacitor, C, across Pin 5 and 6, and by
the timing resistor, R, connected to either Pin 7 or 8. The
frequency is given as:

and can be adjusted by varying either R or C. The
recommended values of R, for a given frequency range,
as shown in Figure 5. Temperature stability is optimum
for 4kQ < R <200kQ. Recommended values of C are from
1000pF to 100uF.

Frequency Sweep and Modulation:

Frequency of oscillation is proportional to the total timing
current, I, drawn from Pin 7 or 8:

_ 320/,(mA)

— ClF) Hz

Timing terminals (Pin 7 or 8) are low-impedance points,
and are intemally biased at +3V, with respect to Pin 12.
Frequency varies linearly with IT, over a wide range of
current values, from 1pA to 3mA. The frequency can be
controlled by applying a control voltage, Vg, to the
activated timing pin as shownin Figure 70. The frequency
of oscillation is related to VC as:

-’ Rl _Ye
f= /-?C(1 + Rc<1 3))Hz

where V¢ isin volts. The voltage-to-frequency conversion
gain, K, is given as:

K= affaV, = — 932

R.C Hz/ Vv

CAUTION: For safety operation of the circuit, I+ should be
limited to < 3mA.

oM’



Output Amplitude:

Maximum output amplitude is inversely proportional to
the external resistor, R, connected to Pin 3 (see
Figure 3. For sine wave output, amplitude is
approximately 60mV peak per kQ of Rg; for triangle, the
peak amplitude is approximately 160mV peak per kQ of
Rs. Thus, for example, Rz = 50kQ would produce
approximately 13V sinusoidal output amplitude.

Amplitude Modulation:

Output amplitude can be modulated by applying a dc bias
and a modulating signal to Pin 1. The internal impedance

Z°EXAR

at Pin 1 is approximately 100kQ. Output amplitude varies
linearly with the applied voltage at Pin 1, for values of dc
bias at this pin, within 14 volts of Vgc/2 as shown in
Figure 6. As this bias level approaches Vgc/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
55dB.

CAUTION: AM control must be used in conjunction with a
well-requlated supply, since the output amplitude now becormes
a function of Vg

VR Vge ¥ ) 15 N2 \b. i 48 6 13 1 302
QF T - e @ @ ® ® 15 [:] ® ® @
] ,
|
ST
ov| L4k F s
10 5 |
v‘%;c B = i
v
4' — VR i
w Ly
- V2
12
L

Figure 15.

Equivalent Schematic Diagram
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ZPEXAR XR-2206

16 LEAD CERAMIC DUAL-IN-LINE
(300 MIL CDIP)

Rev. 1.00

| st B o O o A o R o 5 e 0 B8 oo |

e

Lot 1 L] U] L] Lyl
Base A

—u =
Plane ¥

A
i [} \
Seating 1y ' J L

BT \ G

INCHES MILLIMETERS
SYMBOL MN  MAX MIN  MAX

A 0.100  0.200 254 508
N 0.015  0.060 0.38 1.52
B 0.014  0.026 036 066
B4  0.045 0.065 1.14 1.65
c 0.008  0.018 020 046
D 0740 0.840 1880  21.34
Ey 0.250  0.310 635  7.87
E 0.300 BSC 7.62 BSC
o 0.100 BSC 2.54 BSC
L 0.125  0.200 318 508
o 0° 15° 0° 15°

Note: The control dimension is the inch column
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XR-2206 . ZFEMR

16 LEAD PLASTIC DUAL-IN-LINE
(300 MIL PDIP)

Rev. 1.00

M e el ry

16 9
D Eq
1 8
L L L JdJ LT LT
D J
>
[ Y TE
Seating __A
Plane L C

L
Aq
1

il VB

INCHES MILLIMETERS
SYMBOL MIN  MAX MIN  MAX
A 0.145 0210 3.68 5.33
Aq 0.015  0.070 0.38 1.78
A 0.115  0.195 2.92 4.95
B 0.014  0.024 0.36 0.56
By 0.030  0.070 0.76 1.78
B 0.008  0.014 0.20 0.38.
D 0.745__ 0.840 1892 21.34
E 0.300  0.325 7.62 8.26
E; 0.240 _ 0.280 6.10 7.11
e 0.100 BSC 254 BSC
en 0.300 BSC 7.62 BSC
oB 0.310  0.430 787 1092
0.115  0.160 2.92 4.06
o 0° 150 0° 15°

Note: The control dimension is the inch column
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ZEEXAR XR-2206

16 LEAD SMALL OUTLINE
(300 MIL JEDEC SOIC}

Rev. 1.00

P*D———h

HAAAAAA

1

0) 8
HHEHHET

SO ) T

Plane —— -'Ie}" -—”1-525_

—AE’
le—s
\%\>

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX
A 0.093  0.104 2.35 2.65
Aq 0.004 0.012 0.10 0.30
B 0.013  0.020 0.33 0.51
c 0.009  0.013 0.23 0.32
D 0.398  0.413 10.10 10.50
E 0.291  0.299 7.40 7.60
e 0.050 BSC 1.27 BSC
H 0.394  0.419 10.00 10.65
L 0.016  0.050 0.40 1.27
a 0° 8° 0° 8°

Note: The control dimension is the millimeter column
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Precision, 16-Channel/Dual 8-Channal,
High-Performance, CMOS Analog Multiplexers

General Description Features

The MAX306/MAX307 precision, monolithic, CMOS ¢ Guaranteed On-Resistance Match Between
analog multiplexers (muxes) offer low on-resistance Channels, <5Q Max
(less than 100Q), which is matched to within 5Q ¢ Low On-Resistance, <100Q Max
between channels and remains flat over the specified Guaranteed Flat On-Resistance over Specified
analog signal range (72 max). They also offer low leak- Signal Range, 7Q Max
age over temperature (INO(OFF) less than 2.5nA at Guaranteed Charge Injection, <10pC
+85°C) and fast switching speeds (tTRANS less than : - 2.5nA at +85°C
250ns). The MAX306 is a single-ended 1-of-16 device, NO(OFF) Leakagetegong at +
and the MAX307 is a differential 2-of-8 device. Icom(OFF) Leakage <20nA at +85°C
ESD Protection >2000V

The MAX306/MAX307 are fabricated with Maxim's
Plug-In Upgrade for Industry-Standard

improved 44V silicon-gate process. Design improve-

ments yield extremely low charge injection (less than DG406/DG407/DG506A/DGS507A
10pC) and guarantee electrostatic discharge (ESD) ¢ Single-Supply Operation (+4.5V to +30V)
protection greater than 2000V. Bipolar-Supply Operation (+4.5V to +20V)

These muxes operate with a single +4.5V to +30V sup- ¢ Low Power Consumption, <1.25mW
ply, or bipolar £4.5V to £20V supplies, while retaining Rail-to-Rail Signal Handling
TTL/CMOS-logic input compatibility and fast switching. ¢ TTL/CMOS-Logic Compatible

CMOS inputs provide reduced input loading. These %) :
improved parts are plug-in upgrades for the industry- Ordering Information

<

® S & o o

<*

LOEXVIN/9OEXVYIN

standard DG406, DG407, DG506A, and DG507A. PART TEMP. RANGE PINPACKAGE
Applications MAX306CPI 0°C to +70°C 28 Plastic DIP
Sample-and-Hold Circuits MAX306CWI 0°C to +70°C 28 Wide SO
Test Equipment MAX306C/D 0°C to +70°C Dice*
Heads-Up Displays MAX306EPI -40°C to +85°C 28 Plastic DIP
Guidance and Control Systems MAX306EW! -40°C to +85°C 28 Wide SO
Military Radios MAX306EQI -40°C to +85°C 28 PLCC
Communications Systems MAX306MJI -55°Cto +125°C 28 CERDIP

Battery-Operated Systems
PBX, PABX
Audio Signal Routing

Ordering Information continued at end of data sheet.
* Contact factory for dice specifications.

Pin Configurations/Functional Diagrams/Truth Tables

== B = w V-
TOP VIEW 22223 "l’ GTD
m m EI m IZI 7 EG.I NO1 ol
/ o No3 o T
NO4 oral it 4
NO15 [ 5 25 |NO7 [t I LD {
. et e b e [ [
NO14 [G 24 ] n06 Nog “‘/“‘ﬁ—”—:ﬁ
NO13 [T N AXIVI 23 |NOS Noe A ; com
1 v N
NO12 [ MAX306 22 | N04 HS}?—— ~/\’Mll i L .
> T T
nott (g ] [21] h03 ik > ATRE B R R WA
T -
No10 [10 20 ] No2 NO14 Ty
TTT ¢ T
nos [T 75 ] ot NO1s —f—o i
2] i3] |14] is] [s] [i7] [ CMOS DECODERS/DRIVERS
SS2Y% 28 — =
3z = R
PLCC A0 Al A2 A3 EN
N.C. = NO INTERNAL CONNECTION Continued at end of data sheet. MAX306 16-CHANNEL SINGLE-ENDED MULTIPLEXER
M AXI WV Maxim Integrated Products 1

Call toll free 1-800-998-8800 for free samples or literature.



MAX306/MAX307

Precision, 16-Channel/Dual 8-Channel,
High-Performance, CMOS Analog Multiplexers

ABSOLUTE MAXIMUM RATINGS

Voltage Referenced to V- Wide SO (derate 12.50mW/°C above +70°C)............ 1000mW
-0.3V, 44V PLCC (derate 10.53mW/°C above +70°C) .................. 842mwW
CERDIP (derate 16.67mW/°C above +70°C)............. 1333mW

Digital Inputs, NO, COM (Note 1)........... (V--2V)to (V+ + 2V) or Operating Temperature Ranges
30mA (whichever occurs first) MAXB0L.C .. coosimmsismsasssismmsssmomssapssomms 0°C to +70°C
Continuous Current (any terminal)...........cccooeevenii 30mA BRAEE0. £ o onresmsmmemeress iR A -40°C to +85°C
Peak Current, NO or COM MAX30_MJI -55°C to +125°C
(pulsed at 1ms, 10% duty cycle max) ... 100mA Storage Temperature Range ........ -65°C to +150°C
Continuous Power Dissipation (Ta = +70°C) Lead Temperature (soldering, 10S€C) ...........cccooviinnn. +300°C

Plastic DIP (derate 9.09mW/°C above +70°C) ............ 727TmW

Note 1:  Signals on NO, COM, A0, A1, A2, A3, or EN exceeding V+ or V- are clamped by internal diodes. Limit forward current to
maximum current ratings.

Stresses beyond those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—Dual Supplies
(V+ = +15V, V- = -15V, GND = OV, VaH = +2.4V, VAL = +0.8V, Ta = TMIN to TMAX, unless otherwise noted.)

MIN TYP MAX
PARAMETER SYMBOL CONDITIONS (Note 2) UNITS
SWITCH
. VNO.
| Not -15 15 \%
Analog Signal Range THAAW (Note 3)
] INO = -1.0mA, Ta = +25°C 60 100
- R Q
On-Resistance ON Vcoum = =10V TA = TMIN 10 TMAX 125
On-Resistance Matching AR INO = -1.0mA, TA = +25°C 1.5 5 e
Between Channels ON | vcom=+10V (Note 4) [ Ta = Tmin to TMAX 8
. INO = -1.0mA, Ta = +25°C 1.8 7
- R Q
On-Resistance Flatness FLAT VoM = +5V or OV B AT T o
TA = +25°C -0.5 0.01 0.5
Vcom = 10V,
?JN%;Sg)Leakage IR INO(OFF) | VNO = £10V, Ta=Tmn | G E -2.5 25 nA
VEN =0V to TMAX
M -5.0 5.0
Vo = £ 10V Ta = +25°C 075 002 075
\\jCOM (=)VI1OV. MAX306 | Ta=Tmin | C.E -20 20
COM-Off Leakage Current EN= to TMAX M -40 40
(Note 5) ICOM(OFF) p nA
e o7 TA = +25°C 075 002 075
Vcoum = £10V, | MAX307 | Ta = TMIN C E -10 10
VEN =0V toTmax [ M 20 20
Ta = +25°C -0.75 0.02 0.75
§C°M = i;\cl)v. MAX306 | Ta=Tmin | C E -25 25
: No = £10V, toTMAX [ M -50 50
COM-On Leakage Current lcomon) | sequence nA
(Note 5) each switch Ta=+25°C 075 002 075
on MAX307 | Ta=Tmin | C. E 125 125
to TMAX M -25 25
2 IMNAXIMN




Precision, 16-Channel/Dual 8-Channel,
High-Performance, CMOS Analog Multiplexers

ELECTRICAL CHARACTERISTICS—Dual Supplies (continued)

(V+ = +15V, V- = -15V, GND =0V, VaH = +2.4V, VaL = +0.8V, TA = TMIN to TMAx, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN P~ MAs UNITS
(Note 2)
INPUT
Input Current with = :
Input Voltage High IAH VA= 24Vor 15V 1.0 1.0 HA
Input Current with VEN = 0V or 2.4V, .
& Input Voltage Low IaL Va =0V 1.0 1.0 uA
SUPPLY
Power-Supply Range +45 +20 \
e i o 5| ST g % pA
Positive Supply Current I+ TA = TMIN to TMAX 75
. By VenE 2.5¢ Ta= +25°C 0075 05 o
" VA(ALL) = QV or 2.4V TA = TMIN to TMAX 1
. VEN = 24V, Ta = +25°C -1 1
)=
Negative Supply Current VA(ALL) = OV or 2.4V TA = TMIN to TMAX 10 10 HA
DYNAMIC
; Ta=+25°C 110 300
Transistion Time tTRANS | Figure 2 T: = TMIN 10 TMAX 400 ns
- Break-Before-Make Interval tOPEN Figure 4 Ta = +25°C 10 40 ns
- Ta = +25°C 130 200
- Enable Turn-On Time toNEN) | Figure 3 Tﬁ = 200 ns
Ta = +25°C 39 150
Enable Turn-Off Time toFr(EN) | Figure 3 T: PilT o ek 300 ns
.3 CL= 1.0nF,
g\]hatrgg)ln;ectlon Q VNO = 0V, ) Ta = +25°C 2 10 pC
ole Rs = 0Q, Figure 5
. VEN = 0OV,
&ff :soels?uon Viso | Ru= 1k Ta = +25°C -69 a8
S f = 100kHz, Figure 6
VEN = 2.4V,
2= f = 100kHz, _ e 5
Crosstalk Between Channels ver VGEN = 1VP.p. Ta = +25°C 92 dB
RL = 1kQ, Figure 7
Logic Input Capacitance CiN f = 1MHz Ta = +25°C 8 pF
f = 1MHz,
NO-Off Capacitance CNO(OFF) | VEN = VNO =0V, Ta = +25°C 8 pF
Figure 8
IV | Maxaos 130
COM-Off Capacitance CCOM(OFF) VEN B -.0\/' Ta =+25°C pF
COM =BV | MAX307 65
Figure 8
(oMb | Maxaos 140
COM-On Capacitance CCOM(ON) VEN o —.O\/. Ta =+25°C pF
gOM =7 | mAxao7 70
igure 8
3

MAXIMV
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MAX306/MAX307

Precision, 16-Channel/Dual 8-Channel,
High-Performance, CMOS Analog Multiplexers

ELECTRICAL CHARACTERISTICS—Single Supply
(V+ = +12V, V- = 0V, GND = 0V, VaH = +2.4V, VAL = +0.8V, Ta = TMIN to TMAX, unless otherwise noted.)

MIN TYP  MAX

PARAMETER SYMBOL CONDITIONS UNITS
(Note 2)
SWITCH
: VNO.
Analog S IR Note 3
nalog Signal Range VeoNi (Note 3) 0 12 \Y
_ INO = -1.0mA -
On-Resistance RonN VCom = 3V or 10V Ta = +25°C 120 175 Q
DYNAMIC
VNnOo1 =8V,
Transition Time Vo8 =0V, B 5
(Note 3) tTRANS Vin = 2.4V, Ta = +25°C 130 450 ns
Figure 1
VINH = 2.4V,
Enable Turn-On Time VINL =0V, ¢ s PR
(Note 3) tON(EN) T 5\ Ta = +25°C 105 600 ns
Figure 3
VINH = 2.4V,
Enable Turn-Off Time VINL =0V, A o
(Note 3) tOFF(EN) VTS, Ta = +25°C 80 300 ns
Figure 3
L CL = 1.0nF,
%‘;;gg)'“'ec“m a | wo-=ov. Ta = +25°C 2 10 pC
Rs = 0Q

Note 2: The algebraic convention where the most negative value is a minimum and the most positive value a maximum is used in

this data sheet.
Note 3: Guaranteed by design.

Note 4: ARoN = RON(MAX) - RON(MIN). On-resistance match between channels and flatness are guaranteed only with specified
voltages. Flatness is defined as the difference between the maximum and minimum value of on-resistance as measured at

the extremes of the specified analog signal range.
Note 5: Leakage parameters are 100% tested at the maximum rated hot temperature and guaranteed by correlation at +25°C.

Note 6: Off isolation = 20log Vcom/VNO, where Vcom = output and VNO = input to off switch.
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Precision, 16-Channel/Dual 8-Channel,
High-Performance, CMOS Analog Multiplgxers

Typical Operating Characteristics

(Ta = +25°C, unless otherwise noted.)
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MAX306/MAX307

Precision, 16-Channel/Dual 8-Ciiannel,
High-Performance, CMOS Analog Mult:plexers

Pin Descriptions

Applications Information

Operation with Supply Voltages
Other than+ 15V
Using supply voltages other than +15V will reduce the
analog signal range. The MAX306/MAX307 switches
operate with £4.5V to 20V bipolar supplies or with a
+4.5V to +30V single supply; connect V- to GND when
operating with a single supply. Also, both device types
can operate with unbalanced supplies such as +24V
and -5V. The Typical Operating Characteristics graphs
show typical on-resistance with 20V, 15V, 10V, and 5V
supplies. (Switching times increase by a factor of two
or more for operation at 5V.)

Overvoltage Protection
Proper power-supply sequencing is recommended for
all CMOS devices. Do not exceed the absolute maxi-
mum ratings because stresses beyond the listed rat-
ings may cause permanent damage to the devices.
Always sequence V+ on first, then V-, followed by either
the logic inputs, NO, or COM. If power-supply
sequencing is not possible, add two small signal
diodes in series with supply pins for overvoltage pro-
tection (Figure 1). Adding diodes reduces the analog

M ale NAME FUNCTION MaR4gr NAME FUNCTION
PIN PIN
1 V+ Positive Supply Voltage Input 1 V+ Positive Supply Voltage Input
2,8,13 N.C. No Internal Connections 2 COMB Output B-bidirectional
4-11 NO16-NO9 | Analog Inputs-bidirectional 3,13, 14 N.C. No Internal Connection
12 GND Ground 4-11 NO8B-NO1B | Analog Inputs-bidirectional
14-17 A3-A0 Address Inputs 12 GND Ground
18 EN Enable Inputs 15,16, 17 | A2, A1, AO Address Inputs
19-26 NO1-NO8 | Analog Inputs-bidirectional 18 } EN Enable Input
27 V- Negative Supply Voltage Input 19-26 NO1A-NO8A'| Analog Inputs-bidirectional
28 COM Output-bidirectional 27 V- Negative Supply Voltage Input
28 COMA Output A-bidirectional

signal range to 1V above V+ and 1V below V-, but low
switch resistance and low leakage characteristics are
unaffected. Device operation is unchanged, and the
difference between V+ and V- should not exceed +44V.

V4

Figure 1. Overvoltage Protection Using External Blocking
Diodes
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Precision, 16-Channel/Dual 8-Channel,
High-Performance, CMOS Analog Multiplexers

Test Circuits/Timing Diagrams

+15V
|
Vs
{ A0 NO1 £10V
\ e 1
- 3 NO2-NO15 gl
{ 2 maxim =
! A3 MAX306 No16 F10V
LOGIC o Ir < 20ns
EN COM —y 5 1y <20ns
T —- 50%
o v n ou INPUT o
il ! oV —
50Q l ' 000 I
= = = gy = = YNl S~ 0%
| SWITCH
Vs OUTPUT
. A0 NO1B f—— .10v Vo quiRs_=—
= Al 90%
. NO1A-NOBA AR i a
NOBB Hov =
MAXIN lRANS  —p] lRANS
EN  mAx307 comB Vout ON
GND V-
35pF

500 i [ 3000 I
-
1 15V

Figure 2. Transition Time

+15V
|
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EN NO1 5V
A0 NO2-NO16 |—
Al MAXIMN —
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A3
CcoM Ir < 20ns
i Vour Logic  +3V ly< 20ns
¥ 50Q GND R 350F INPUT
J— l *Q I ov
e = — 15v e oN(EN) —p toFF(EN)
nlsv ov 0%
SWITCH
EN Y o — gy oUTPUT
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N02B-NOBB, | —= 90%
A0 coMA|  — Vour _
MAXIAN
A MAX307
A2 COMB Vour
50Q GND V-
35pF
I T T
= = = = 15V = =
2 Figure 3. Enable Switching Time
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MAX306/MAX307

Precision, 16-Channel/Dual 8-Channel,
High-Performance, CMOS Analog Multiplexers

Test Circuits/Timing Diagrams (continued)

+15V
24V EN Y e tr < 20ns
LoGIC  + 50% tj<20ns
A0 NO1-NO16 5V INPUT o
Al
MAXIMN ¢
out
A2 MAX306 80%
A3 SWITCH
o Vour ouTPUT
GND V- 15pF o
500 l l 300Q oV ~<— lopen
= 15V e
Figure 4. Break-Before-Make Interval
+15V
Rs
NO1-NO16 V+ p av
EN INPUT OFF ON OFF
Vs = —A0 com -
ot [T anman
_p  MmAX306
= — A3 C. = 1000nF tAVOUT
—i— Vour

GND

1

AVgur IS THE MEASURED VOLTAGE DUE TO CHARGE TRANSFER
ERROR Q WHEN THE CHANNEL TURNS OFF.

Q=Cy =AVour

Figure 5. Charge Injection

MAXIM




Precision, 16-Channel/Dual 8-Channel,
High-Performance, CMOS Analog Multiplexers

Test Circuits/Timing Diagrams (continued)
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Figure 6. Off Isolation
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Figure 8. NO/COM Capacitance

Figure 7. Crosstalk
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MAX306/MAX307

Precision, 16-Channel/Dual 8-Channel,
High-Performance, CMOS Analog Multiplexers

Pin Configurations/Functional Diagrams/Truth Tables (continued)
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High-Performance, CMOS Analog Multiplexers

Precision, 16-Channel/Dual 8-Channel,

Pin Configurations/Functional Diagrams/Truth Tables (continued)

TOP VIEW
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MAX307 8-CHANNEL DIFFERENTIAL MULTIPLEXER

_Ordering Information (continued)

PART TEMP. RANGE PIN-PACKAGE
MAX307CPI 0°C to +70°C 28 Plastic DIP
MAX307CWiI 0°C to +70°C 28 Wide SO
MAX307C/D 0°C to +70°C Dice”
MAX307EPI -40°C to +85°C 28 Plastic DIP
MAX307EWI -40°C to +85°C 28 Wide SO
MAX307EQI -40°C to +85°C 28 PLCC
MAX307MJI -55°C to +125°C 28 CERDIP

* Contact factory for dice specifications.
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MAX306/MAX307

Precision, 16-Channel/Dual 8-Channel, =
High-Performance, CMOS Analog Multipl_exers

Chip Topographies

MAX306 MAX307
ER, A ;AT o A2 ~ A3 SNLEL EN A0 A1 A2 N.C. N.C. ‘
ET'|=I.-j=]===——
|
= A

NO1A

NO2A

NO3A

NO4A

L A |

NO13

NOSA

(3
..,i ‘
A_—‘n
=25

K
]
= =

NO14 NOGA

NO15 NOTA

il

T T
(i
et

HIt— No16
NOS - Gr= NOBA
| = i N.C.
flieseasassacees o risanasnss 2 |4
V- com Vs
0.078"
(1.98mm)

N.C. = NO INTERNAL CONNECTION

TRANSISTOR COUNT: 269 TRANSISTOR COUNT: 269
SUBSTRATE IS INTERNALLY CONNECTED TO V+ SUBSTRATE IS INTERNALLY CONNECTED TO V+

————

Maxim cannot assume responsibility for use of any circullry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.

12 Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 (408) 737-7600

© 1994 Maxim Integrated Products Printed USA MAXIM s a registered trademark of Maxim Integrated Products.
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