
M|{SUI.IER

C]RCUITS

TYPE: St{76477N

COI{PLEX SOUNI GEIiEMTOR

PRELIIIINARY: OCT, 1977

FEATURES:

I GEI|ERATES NOISE, TONE, LOH-FREOI]ENCY (OR IIIXTURE) BASE! SOUNIS

I SOUNDS ARE DEFII,IED BY USER OIA EXTERNAL COI{PONENTS)

. ALLOI,JS "CUSiO!I" SOUNDS TO BE CREATED EASILY

I LOII-POXER REOU I REI,IE|ITS

I ALLOI{S IIULTIPLE-SOUND SYSTEI1S

I COI,IPATIBLE I{ITH IIICROPROCESSOR SYSTE/IIS

DESCRIPTTON:

TTE SN76477I1 COI.IPLEX SOUND GENEMTOR IS A LINEAR/I2L IEV]CE I{|lIC|l PROVICES NOJSE, TONE, OR LOI{-

FREOUEI{CY (OR A COIIBINATION THEREOF) BASED CO]iIPLEX SOUNIS. PROGRAIIJ'IIJ{G IS VIA EXTERNAL COI4-

MNE|IITS, 1]]AT ARE USER-DEFINED, IIIllCH ALLOI,JS A !iIIE VARIETY OF SOUNDS TO BE CREATE!, ]HE 51176477II

]S DESIGNED FOR ULTIMTE FLEXIBILITY IN USER-IEFINED SOUNDS, AN! I,IAY BE APPLIED IN ANY APPLICATION

REOUIRIII6 AUDIO FEEDBACK TO THE OPERATOR (I,E. ARCANE/HO]IIE V1IEO GAIIES, PIJ.IBALL 6A ES, TOYS, ETC,J

C0I|SUIIIER 0RIENTED EQUIPI'IENT, SIICH As TIIIERS, ALARIIS, C0NTR0LS, ETC.r INDUSTRIAL EOUIPIIENT FOR INDI-
CATORS, ALAMS, FEEDBACK C()NTROLS, ETC,),

BLOC( I]IAGRAI,4:

o
tr
At

DENO]ES PROGRAI.II'IIIIG VIA CAPACITOR

IENOTES PR()6RAI{!]NG VIA RESISTOR

DEN()TES PRO6MHI{ING ViA LO6IC LEVEL

DE|{OTES PROGRAI.IIIIING VlA ANALOG VOLTAGE

FIGURE 1, SN764i7 BL0CK ,lAGRAll

TEMS INSTRUI,{EIITS INMRPORATED, P,O, BOX 10508, LUSBOCK, IEXAS 79408



CONSUI,IER

CIRCUITS
TYPE, sN76477

CO!4PLEX SOU|{D GEIIERATOR

PRELIIi]NARYI OCT, 1977

AIS0LUIE J,{AXIf4Ull RATIfiGS AT TA = 25'C (UNLESS oTHERI'JISE SPECIFIED)

SUPPLY VoLTAoE, VREG, PIN 15 ,,,,,.,,,,,,, 6.0V
SUPPLY V0LTA0E, Vcc, PIN 14 .,,,.,..,,..,,,,,,,,,,,,,,,,,.,.,,,,,. 12.0V
INPUT VOL]AGE APPLIE! TO ANY DEVICE TERI1IIIAL ,,,.,,,,,,,,,,,...,,., 6,OV
ST0RAGE TEIIPEMTURE MNGE ,,,,,,,,,,.,,,,,, -65'C T0 +150'C
0PEMTING 'TEIiIPERATURE MNGE , , , , , ,. ,. ,,,... ,. -55'C T0 +120'c
LEAII TEI4PERATURE 1/16 IIiCH FR0ft CASE FOR 10 SEC0NIS ..., , , ., ., ..., , +26C"C

RECOi,Ii.IENDED OPERATIIIC CONDITIONS U]]{ TYP UAX UNIIS

SUPPLY V0LTAGE, VREG, PIN 15 4,5 5,0 5,5 V

SLPPLY VOLTAGE, Vcc, PIN 14 7,5 9,0 V

OPERATING FREE-AIR TEI1PEMTURE O 25 70 "C

0PERATIi{5 CHAMCIERISTICS AT TA = 25"C AllD VREG = 5.0V

PAM ETER PIN CONDITl()NS IlN TYP MX UNiTS

lcc 14 VREG = 5,0VJ N0 ErI, L0AD 15 40

15 Vcc = 8,25Vr ILOAD = 10'aA 5,5

I PUT RECULCTION 15 t, 
"^" 

= t0 A

v;;-; /,5v To 9. ov
150

CONTROL ]NPUT CURRENT

RANGE

NOiSE CL()CK

NOISE FIL]ER
DECAY

ATIACK

AIIPLiTU!E
VM
ONE SHOT

4

5

7

r0
11

18
24

1 20a

LOGICAL "1' 1NPUT CURRENT

E|1VEL0PESEtfCT1&2
fiIXER SELECT A, S, C

Vco SELECT

EXTERNAL NOISE

SYSTEI1 ENABLE

25, 26,
27
22

3
9

0 2,0v
0 2,0v

6 2.0v
a 2,0u
a 2,0v

q0

q0

q0

q0

52

I
52

52

100

LOGICAL "1" 1NPUT VOLTAGE

ENVELOPESELECTl&2
XIXER SELECT A, B, C

Vco SELECT

ETMRNAL NOISE

SYSTEI4 ENABLE

1, 28

25, 26,
27

22
3
I

2,0

L()GICAL "0" IIIPIIT VOLTAGE

ENVELOPESELTCTIE2
I,IIXER SELECT A, B, C

Vco SELECT

ENERI{AL NOlSE

SYSTEII EI1ABLI

r, 23

25,26,
27

22

3
9

0,8

-2-



CONSUI4ER

CIRCUITS

TYPEI SN76477

COI4PLEX SOUND CEIiEMTOR

PARAIIETER PIN CONDITIONS I,1IN TYP IIAX UNITS

EXTERNAL Vco CUToFF 16 2,5

TRIP POII{TS

OI{E'SHOT CAP

NOISE FILTER CAP

SLF CAP

23
17

6

21

2,5

MXIIIU]'{ PEAK-TO-PEAK

OUTPUT VOLTAGE SI{ING 13 l.ooo 
= mr

111 = 200u4 2,5

IYNAIIIC OUTPUT II'IPEIANCE 13 100 0Hr4s

PRELI11iNARY: OCT, 1977

0PEMTINC CHAMCIERISTICS AT TA = 25'C AflD VREG = 5,0V (C0NTINIED)

SLF FREQUENCY (Hz)- 0,64 a VREG = 5,0V

0PEMTl0N,

1. SLF (SUPER LOI{ FREOUEIICY OSCILLATOR)

TllE SLF iS NoRIIALLY 0PEMTED lN THE RANGE 0F 0.1 -;0 Hz, BUT l,llll oPERATE UP T0 20 Krz.
THE FREOUENCY 15 IETERI1IIIEI BY TIjE SLF CONTROL RES]STOR (PIN 20) ANN CAPCiTOR (PIN 21)
ACCORIING TO THE FOLLOI{II{G EOUATION:

RSLF CSLF

EoUATI0N 1: SLF I'RtaULNtY E0UATIoN

THE SLF FEEDS A 5Og II]'TY CYCLE SOUARE I{AVE T() T|]E "IIIXER'J IT ALSO FEEIS A TRIANGULAR I{AVE

TO TJ]E "EXT, VCO/SLF SELECT" LOGIC, XHICH IS FED THROUGH TO CONTROL THE VCO llHEN PIN 22 IS
HICH (FURTHER EXPLANATIO|,I FOUND IN "SECTION 2: VCO"),

2, VCO OOLTAGE CONTROLITD OSCILLATOR)

THE VCO CIRCUITRY PRODUCES A TONE OUTPUT I{HOSE FREOUENCY 15 DEPEN]]ENT UPON THE VOLTAGE

A] ]HE INPUT ()F THE VC(), THE HIG|IER THE PIN ]6 VOLTAGE IS, TIIE LOI{ER T|1E FREAUENCY IS,
THE CON]ROLLING VOLTAEE HAY TE EITHER THE SLF OUTPUT, OR I] MY BE Al| ENERNALLY APPLIM
SJGNAL OII P]ll 16, T|lE SELECTION OF CONTROL I,I()DES (EXTERNAL - PIN 16J INTERNAL - SLF) IS
VIA TqE BINARY LOCIC LEVEL ()\ PIN 22 (VLO SILI-C.) ACCORIING'IO THE FOLLOH]NC TAB I:

PIN 22 CONTROL I1ODE

ENERNAL (PlN 16)

INTERNAL (SLF)

TAILE 1, VC(] CoNTR0L tloDE SELECTi0N

-3-



M|]SUJ'1ER

CIRCUITS

TYPE: 5l{7647711

C()IIPLEX S()UND GEIiEMTOR

PRELII4]NARY, oCT, 1977

2. VCO OOL]A6E CONTROLLO OSCILLATOR) CONTINUED

THE INPUT AT THE'EXTERNAL VCO CONTROL' (PIN 16) IIAY 3E A DC VOLTACE, PROIUCINC A CONSTATIT

TONE AT THE OUTPUT OF TTE VCO, OR ANY I,IAVEFi)RI], PROOUCJNG A FREOUEI|CY I4ODULAIIN OUTPUT FR()II THE

VCO. A FREOUENCY IIODULATED I{AVEFORI4 ALSO RESULTS IIllEN THE SLF RAII]P CO]ITROLS THE VCO (PIN 22 =
HIGH), AS SHOI.IN l FIGURE 2 BELOUI

SLF RAI'IP

VCO OUTPIIT

FIGURE 2, VCO Ffl 0UTPUT

AN ALTERNATE IiIETHOD TO APPLY AN ENERNAL VOLTAGE TO Tl]E VCO INPUT IS TO PLACE THE COI{TROILING

VOLTAGE ON TTE SLF C()NTROL CAPACITOR PIN (PIN 21), JN SOI{E APPLICATIONS THIS I'IAY BE IIORE CON-

VENIEI1T THAN USIN6 THE PIII 16 INPUT, T|lE FREOUENCY "MIIGE" OF THE VCO IS 1NTERNALLY I]EIEMIIIEI

AT AN APPR0XIIlAIE MT10 0F 10:1, TllE l'llNlll|Jll FREQUENCY 0F THE Vco MY BE IETERI'IINED BY AIJUSTING

TI]E RC TIIIE CO|ITANT OF IIIE "VCO CI)NTROL' RESISTOR (PIN 18) AND TllE "VCO CONTROL" CAPACITOR

{PII] ]7), ACCORIIIIG TO THE EOLLOHINC EOLATION:

064
fl 1 VCo FRE0. fti- _

a VREG = 5,0V

EoUATIoN 2: l4lfill4ljll VCo FREoUENCY

T|1E "PITCH COIITROL" (PIN 19) VARIES THE DU]Y CYCLE OF THE VCO OUTPUT ACCOMING TO THE F()LLO}JING

EOUATI0N,

VOLTAGE AT P]N 16

vco IUTY CYCI-E : 50 X
VOLTAGE AT PIN 19

EOUATIoN l, PITCH C0NTRoL 0F VCo |UTY CYCLE

3Y LEAVING PIN 19 llIGH, A CONSTANT 5OU IUTY CYCLE I'IAY BE ACNEIVEI. THE SPEC]FIC X DUTY CYCLE,

APPLIES TO CONSTAT{T TONES PROIUCE' BY APPLYING A CONSTANT IC VOLTAGE AT THE "EXTER|{AL VCO CO|ITROL"

PlN (PIN 16). HOXEVER, THE "PITCI{ CONTROL" ]"lAY S]ILL BE USED TO AESTfi1CALLY AL'IER TilE PITCH OF

AI1Y FREOUENCY XODULA]ED VCO OUTPUT SIGIIALS.

NOISE CLOCK

THE 'I{OISE CLOCK" CLOCKS THE "NOISE GENERATOR" ' THIS C1RCUIT REOUJRES A 43K RESiSTOR'TO 6MUdi)

li-prii-iq mlii el rilIERnAL cuRRENT LEVEL' At{ EXTTRNAL lloisE cLoc( fiAY rE SUPPLIEI AT PItl l
io niLow eirirmrror 0F Lol,tER FREottEi{cY NolsE. THIS EnERNAL clocK sHouu BE A Mxll'1ttn 5 voLT

PE.AK.TO-PLAI( SOUARE 

"{AVF.
-4-



CONSUI.IER

CIRCUITS

nPE: SN7647n
COI4PLEX SOUND GENERATOR

PRELII'IINARY: 0CT, 1977

4, NOISE GENEMTOR/FILTER

THE NOISE GENERATOR IS A BINARY PSUEDO MNDOI4 I{HITE NOISE GENERATOR N|1OSE OUTPUT PASSES THROUGH

THE llolsE FILTER BEF0RE BEING INPUTED T0 THE ]'4IXER. THE FILTER 15 A VARIABLE BANI l,/lrTH 101{-

PASS FIL]ER I,JIIOSE ]I)B POINT ]S DEFINEI BY THE FOLLOI,IING EOUATIOfl:

].28 a VREG = 5,0v
3DB FREOUENCY Gi-

RNF CNF

EoUATI0N 4: N0ISE HAVEF0M I DB FREAUENCY

THE'IIIIXER" LOGIC SELECTS ONE, OR A COMINATION, OF THE INPUTS FROII 
'I]]E 

GENERATORS AND FEF}S

]HE OU]PIJT TO T|]E 'ENVELOPE CENEMTOR AND I{ODULATOR".

NI)(ER SELECT IIIXER

OIITPUTc (PIN 27t B (PIN 25) A (PIN 26)

0 0 0 vc0

0 0 l SLF

0 I 0 NOISE

0 I 1 vc0/N01sE

I 0 0 SLF/NOISE

l 0 I SLF/VCO/NOISE

I I 0 SLFACO

I I L lNHIBIT

6,

TAILE 2, l4lXER SELECT LOG1C

SYSTEI{ ENABLE LOGIC

T]1E "SYSTTII ENABLE" LOGIC PROVIDES AN ENASII/iNNIBIT FOR THE SYSTE]{ OUTPUT, THE SOUND OUTPUT

IS CONTR0LLED ACCORnlflG T0 THE FOLL0I{ING TAILE,

PIN I OUTPUT

ENAXLED

I INHIBITEI

TABLE 3: SYSTEfl ENASLE LOGIC

THIS INPUT ALSO TR1GGERS ]NE "ONE.SHOT" LO6IC FOR I4OIIENTARY SOUNIS, SUCH AS GUNSHOTS, BELLS,

EXPL0sl0l,lS, THE "0NE-SlloT' L()CIC lS TRIGGERED BY THE NEGATIVE-G0ING EDGE, Illls MY iE AC-

COIIIPLISHED BY !,IEANS OF A I{O]'4ENTARY SI4ITCH, OR BY A SOUARE 1IAVE 1NPUT AT PiN 9' PIN 9 IIUST BE

HEL! LOX FOR TIIE ENTIRE I]UMTION OF THE ONE-S1jOT SOUND (INCLUIING ATTACK AND DECAY PERIOI)'

THE ()NE-SHO] LOGIC IS OPERAsLE ONLY ]1EN ]HE PROPER 'ENVELOPE SELECT LOGIC" SELECTION IS IIAIE

(SEE SECll0N 8, ENVEL0PE SELECT L0Glc).

7, "oNf-sror'Loclc

illE lURATI0ll 0F THE "0NE-SH0T" lS DEFINED BY Tl|E F0LL0HING EQUAT10NI

DURATIoN (SECOIIDS)^, 0 8 Ros Cos o VREG = 5.0V

E0UAIIoN 5: 0l\E-Sl10T DURATION



CONSUI4ER

ClRCUITS

TYPE: SN76477r{

COI]PLEX SOUND GEi'iEMTOR

7,

8.

9.

PRELII'UNARY, oCT, 1977

"ONE-SHOT" LOG]C (CONTINUE})

IIl EOUATION 5, Ros iS THE "ONE-S|IOT CONTROL, RES1STOR (PiN 24) AND COS 15 TllE ,ONE-SHOT 
COI{TROL'

CAPACITOR (PIII 23). IIAXIIIUI1 NURATION OF Tl]E ONE-SHOT IS APPROXI]IITTELY 1(),O SECOIIDS. I'IHEll T]]E

ONE-SHOT IS C()NTROLLED BY EXTERNAL LOGIC, THE ONE-SHI]T MNTROL RESISTOR AIID CAPACITOR MY TE

ELII{INATED, SIIIPLY BE6IN ONE-SIIOT I{ITH PIN 9 (SYSTEII ENA}LE) AN} END CYCLE BY TA(IN6 PIII 23

(ONE-SH()T CAPACITOR) N IGH,

ENVELOPE SELECT LOGI C

THE EI]VELOPE SELECT LOGIC OETERIiIINES THE ENVTLOPE THAT IS APPLIED TO THE I'IIXER OUTPUI ACCOMING

T0 THE FOLLotllNG TABLE,

ENVELOPE

SELECT 1
ENVELOPE

SELEC] 2
SELECTE!

FIJNCTION

PIN 1 PiN 28

0 0 vc0

0 l HIXER ONLY

I 0 ONE-SHOT

I I VCO I.IIT|I ALTER|.IATING

POLARITY

TABLE 4: ENVEL0PE SELECT L0G1C oUTPUT

ATTACK AND IECAY CONTROL

THE ATTACVIECAY CIRCUITRY AL]ERS 'I}IE RISE AllD FALL OF THE ENVELOPE. AN EXAI4PLE OF A NOISE

I.IAVEFORJ{ UTILIZING T|IE ENVELOPE GENERATOR UNDER ONE.SHOT CON]ROL IS:

oNE sHoT -'--\i fl
EWELOPE

r!lxER

BY UTILiZIN6 THE ATTACK AND

THE FOLLOHING MNNER:

'x-llolTPur
CONTROLLED NOISE IiAVEFOM

(PIN 7,]O), ]lE !,{AVEFOM I{AY NE AFFEC]ID IN

--- ONE SN0T ENVELoPE

FIGURE 4: ONE-SHOT

DECAY CONTROL INPUTS

ATTACK

FIGURE 5r EMHoLES 0F VAFYllb I Gq to 0f AT-AC( AJ1D DECAY 0N A ]AVEF0F{

.-- | mcnv

y'rcu*

-6-



CO|{SUI{ER

CiRCUITS

TYPE: Sll7€4771{

COIIPLEX SOUI|D GENERATOR

PRELMINARY: ocT, 1977

9, ATTAC( ANI IECAY CI]I{TROL (CONTINUED)

THE MOLINT 0F ATIATX AND DECAY IS DETERIIINED BY T|lE "ATTACK CoNTRoL' RESISToR (RA) (PIN 10)

AND THE "IECAY COIIIROL'RESISTOR (RD) (PIN 7) ANI TllE "ATTACK/DECAY TIIING CAPACITOR" (CA-!)
(PIN 18) ACC0M]NG T0 THE F0LL0IIING E0UATlOllS,

ATTACK II E (SEC0i,lDS)reRA CA-D a VREG = 5 0V

IECAY TlllE (SECo DS)tRA cA-D 0 VREG = 5,0V

EaUATI0N 6: ATTACK AND IECAY Tllilt

IO, OU]P1IT AHPLIFIER

THE OI]TPUT AI4PLIFIER iS DESIGNED TO ]NTERFACE NITH SOUNI ]IIODULATORS OR ADDITIOIIAL MPLIFIER
STAGES. IT REOUIRES AN EX]ERNAL FEEDBACK RES1STOR FROI] PlN 1210 PII] 13' AND IS IESIGNEN AS

A LOI,I IHPEDANCE OUTPUT. T|]E PEAK O]ITPUT VOLTAI]E IS NE]ERIIINEN 3Y THE F()LLO IN6 EOUATIOII:

11.

I,{HERE RF = FEEDBACK RESIST0R (PIN i2 - 13)

RG = GArN RESISToR (PIN 11)

EAUATION 7: 0UTPUT VOLTAGE

T1IE DYNAIiIIC OUTPUT RAN6E IS LIIIITED TO 2,5VP - P BEFORE CL1PPING OCCURS.

RE6ULATOR

EITHER A 5 VOLT REGULATEI SUPPLY I,4AY BE APPLIED T() PIN 15 OREG) OR A 7,5 VOL] II1N/9.0 VOLT

llAx UNREGULATm SUPPLY l',lAY BE APPLIEI l0 PIN 14 Occ). PIN 15 OREG) CAN BE Us$ AS A 5 VoLT

REGULATED SUPPLY FOR TllE REST 0F TNE SYsTEl4 l{lTll A CURRENT SUPPLY 0F UP T0 10xA oUT 0F THE IC

IIOTE:

CONTROL RESISTORS AIID CAPACITI]RS JI]AY BE EL]I4INA]ED IF TNE DESIRED SOUNI DOES IIOT REAUIRE

THAT GENEMTOR OR LOGIC SECTIOi'{, FOR DEDICATED SO]]ND, ]HE LOGIC INPUTS (PINS 1, 9, 22, 25,
25, 27,2$ I!A\ BE HARN {IRED FOR HIGH OR LOII LOCIC LEVELS, INIIVIIUAL SOUNDS (SIN6LE OR

IIULTIPLE) I{ILL NETERI11NE I,{HICH OF THE OTHER COI,IPONENTS ARE REOUIRED.

PIN ASSIGNI,IENTI

ENVELOPE SELECT 1 (INPUT) 1

GNOUND 2

EXTERNAL NOISE CLOCK (INPUT) 
'IIOISE CLOCK RESISTOR (INPUT) 4

NOISE FIL]IR CONTROL RESISTOR (INPUT) 5

NOiSE FILTER COIITROL CAPAC1TOR {INPUD 6

DECAY CONTROL RESISTOR (INPUT) 7

ATTACK/DECAY T]I'IING CAPACITOR (INPUT) 8

. 3,4 RF

Yaur P 
Rc

SYSTEI,4 ENABLE (INPUD 9 
I

ATTACK C()NTROL RESISTOR (INPIID 10 I

FEEDBACK RESISTOR (INPUT) 12

AUDIO OUTPU] 13

Vcc 14

28 ENVELOPE SELECT 2 (INPUT)

27 I4IXER SELECT C (INPUT)

26 14IXER SELECT A (lNPUT)

25 IXER SELEC] B (INPUT)

24 (]NE.S|IOT CON]ROL RESISTOR (INPUT)

2] OIiE-SHOT CONTROL CAPACITOR (INPUT)

22 VCO SETECT (INPUT)

21 SUPER LOI,{ FREOUENCY OSC. CONTROL CAP, (INPUT)

20 SUPER L(]}/ FREOUENCY OSC. CONTROL RIS. (INPUT)

19 P]]CH CONTROL (INP]IT)

18 VCO CON]ROL RES1STOR (INPUT)

li VCO COIITROL CAPACITOR (INPUT)

16 EXTTRNAL VCO CONTROL (INPUT)

15 VREG

6 VREG = 5.0V

n,

A"IPLITUDE CONTROL RESISTOR (]NPUT) 11

-7



C()NSUI1ER

CIRCUITS

t{PE: SN76477N

COI,IPLEX S()UND 6EIIEMTOR

PRELII{INARY: oCT, 1977

rMN/ moP tNE
6!Neql*Plcs:

$RENIeAcE wA7*6oR cuN

OTE 1, THE VALLT 0l RISIST0R RrnAn IAY BE VARIFD I0 PR0DUCE Tft DISIRID S0UllD L0UDNESS.

NOTE 2: PII{S THAT ARt N(]T SHOh'I{-IN IIIL APP 'I^IION SC|EIIATIL ARE IIOT CONNECTEN (OPEN).

J'{ECHANiCAL DIHENSl0NS,

N0]E 3: ALL CAPACIT0RS IN l'flCRoFARADS UNLESS 0TIIERI,JISE SPECIFIED,

FI6URE 6: TYPICAL APPLICATI0II SCHEMTICS

IIULTIPLE S0UND APPLICATIoNSI

XHEN I,IULTIPI'E SOUIIDS ARE DESIRED IN A SYSTE]'4, THEY CAN BE ACCOIIPLiSHEI lN'ftIE F()LLOI{ING MNNERI

I DE']ERTIINE INDIVI'UAL SCHE}1ATIC FOR EACH DESIRED SOUNN,

I RE-EVALUA]E SOUND/SCHE]'4NTICS NHILE A]IE]PTIN6 TO MX1IIIZE CO]{'ION VALUES AIIONG ENERNAL

cOr4PoNEfi TS ,

I DE']ERI.IINE S],{ITCIIING/TI]iIING REOUIREI]ENTS FOR EACH SOUNI ANI FOR SYS]EI4.

a ll4PLEllENT Sl,ilTCHINe REOIJIRENENTS lNT0 IIlCRoPRoCESS0R PR0GM14, I'IECHANICAL sl{lTcHES,
(I,E, TRIbGEq), AND/OR EITCTRO\IC SI{ITC\FS,

-- I 1". *-i
\ 'tYrr<F

=ffi

f **"-
I q_il ll_ll.lFru rrttr rra" "-ls [ -'- if IYI)l'tl)fY)f Yilil)|]llrl'i.-- -"- ::"j,r5 I Jt+"-*


