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fath usaAuBuUmm (Vo) = 0.825 x 12

7.5V

1uﬂﬁsuuaaﬁnnnmﬁ%ﬂaaLﬂuﬁnnnmﬂﬁuﬁaanazﬁbaﬂﬁﬁaﬁaﬂﬂﬁquﬁhq
(accuracy) ¢ # accuracy iﬁaﬁnnﬁﬁxu%HULﬁHUS:wﬁﬁoLaﬂﬁﬁwa%qua:
LﬂﬁﬁﬁﬂﬁﬂﬁﬁngﬁﬂuﬁﬂLﬁu Scale ﬁﬁﬂqqsLuﬁuuﬁﬁnnmﬁxaﬂﬂﬂwtﬁu Scale 10V
AN accuracy 0.2% FarT AN accuracy an fin 0.002 x 10V = 20 mV

WIVAEEIE ARNHRIZAI9S D/A converter “WRTATMAN /2 189

[}
(-

A LSB 17U 23995 D/A converter 2w 10 fin 61 resolution 1,/1024
wiBUstanm 0.1% a29881 accuracy  0.05%

AHANAIA (error) ﬂaua:Lﬁﬂ%uLﬁawﬁnwsuuaoﬁannnﬁ%ﬂaaLﬁuaﬁuﬂaan
Vw3 S

PRMHANRNR LTI 18U (linearlity error) ANRTIIFIIN LIRS

%zﬁﬁqqﬁnLaﬂﬂﬁwﬂuw1qwnuﬁﬁﬂdsaxLﬂutﬁumia ARIIMEANRN AU s Ty
NRMNATEARRIRIIAUNRII NS TURVS AR E Uy RPN 2-19

AMHANRIAVIIAATITEY (gain error) W3AARIFENN sealing

error TIWYMIRIUNNLDY step ED L BAnIAN39 Afiananail LAne N
ANNARRNAT B UYNUbun Aupas ki Wit LLREunn s U R g 9Ty
fanEna s 2-19

A nEANINAAANLTY (offset error) iAnTulmBunmn# Duguiviaundn

Wl LaWivEa 11 Duguf wﬁﬂﬁtaﬂﬁﬂwﬁﬁﬁuﬁqﬁuﬁﬂwﬂﬁﬂﬁﬁwﬁQUﬁnﬁhﬁﬂusqﬁuﬁ%a
2YARDA 1M A TanA Rt LARI N A I ANRABIN S BRI AAL D]
WRENSTURE T RPN T ing ﬁhuﬂﬂaﬂuﬁuﬁ 2-18

TR dNefdnar 1 fuauncen SITRNBnA VI TREE D AT B9t
setting time LﬂuldaﬁﬁLaﬂﬂﬂwﬂaqﬁqqsLuﬁﬂuﬁnnnmﬂﬁﬁunWSLﬁu%ﬁﬁa 1/2
283 LSB nﬁoaﬂnﬁnﬁsLuﬁuuuuaowﬁqﬁuww ﬁhuﬁﬂQﬂuguﬁ 2-20

ﬁﬁdaaﬁLuﬁauﬁhnnmqnﬂﬂoﬁuﬂﬂuﬂﬁﬁuﬁﬁa ANAVWRIANT Rl TIMU R o
ﬁgnﬁaa W WARAlaNRA ARG fatiu dn setting time % 1fuBndnvitls

ﬁﬂquanﬁoﬂdﬁuumuﬂﬁﬂuﬂﬂsLuﬁﬂuﬁnnnmﬁ%mﬂaLﬁuﬁannmaﬁuﬁaan



Offset error
Ideal characteristic g
Linearity error
Scaling {gain) error

Binary input .

U 2-19 Analavanafl iinfulunns LUBsudiana nY 183y

%) 8ATEETY Q) DaWLdn

+1/21SB - ——————
Final value - — — — — — —~
—1/2LSB fo— — —

Qutput

|
|
|
|
|
|
|
|
I

I
!
|
l——Senling time-—~'

zuﬁ 2-20 output response showing setting time
#liana3 D/A converter

1. weighted resistor summing amplifier
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Vier O
.—1..0 Sl R
(MSB) -sfjo__dNNAr__
D, o
o S o |
b_00/],0——’\/\/\«——‘
D,0
1o S 4R
{ A,
0,0
© X A
WA AN N\
(LSB) - L % :t

.3uﬁ 2-21 weighted resistor D/A converter

D/A converter ﬂﬁﬂﬁﬁﬁ:nauﬁﬁﬂﬁﬁﬁﬁuwﬁuﬁﬂﬁﬁq 7 urReanthiam] Fof
ARTIHNEY IAHRIULSEANA 100,000 19N A uu LAYy
ﬂﬁﬂuﬁﬁuWﬁuﬁuﬁwgauﬂﬂ ﬁaﬁﬂﬁﬁmﬁqﬂﬁq:ﬁbQﬂﬁznﬁhiﬁﬁa émnnmﬁtaﬁﬂﬂqu
tpun SN BurviLLN U L HR 1aWiymzasanuaie (Tufdev¥asunsous
(source or sink) Lﬁaﬂﬁusaﬁuﬂlﬂ%ﬂﬂt%uuﬁuﬁﬁﬁéﬁLﬁﬂdﬁu usqﬁuﬁtﬂﬂﬁﬁw

Y¥RINRINNS
Vo = - Vref (D{RE/R + DoRF/2R + D3RE/4R + D4RF/8R) (2.7
2. R-2R Ladder D/A converter .

D/A converter ln weighted resistor iiaRmunanaste ﬁuﬁw
tﬁuﬁﬁﬂ:LﬁﬂﬂamﬁLﬁaQQﬂnﬁbonﬂsﬁﬁaﬁﬁuﬁﬁuwﬁuﬁﬁﬂﬁonﬁﬁquﬁﬂ uAdedy R-2R
Ladder skl HIUERI LA 2-22 N9 2-22 AeRdnAn
Frumuifes 2 a1 fatiu tsﬂﬂwuﬁsntﬁNQﬁuﬁuﬁmﬁuwwuﬁnﬁhiﬁiﬂﬂﬁﬁﬁﬂdqu
AU LY LN ﬁduaauuauﬂﬁaﬂuﬁhumzqqaﬁﬂaﬁauuuﬂwn§Uﬁnnnm (non-

inverting) (nunnTmenuzasasiamiiiu Ay = 1 + By/Ry Wit iaviym
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IEUUTHUATIALRIA ﬁuww fasuns

V = Av Vref (D1/2 + Dp/4 + D3/8 + —-)  (2-8)

UM 2-22 R-2R Ladder D/A converter

8255 ship support

8255 flugunsal LSI (Large Scale Integrated Circuit) U359
Package 40 27Wuy DIP (Dual in line package) L‘?'uwﬁmﬂuu%ﬁw INTEL
qﬂUs:ﬂqﬁLﬁaﬂﬂbﬁuéﬁuﬁh 8080 ufi L3 EaNIOUsTnAUNIINEN S ALY CPU
LwasHud

udanmuu 4 u%anﬁagWﬁQﬂﬁﬁﬁamaagua:Lﬁuéduﬁxﬁauﬁuqunidnﬂauan

du SAudianY PAQ - PA7, PRO - PB7 umx PCO~PC7 Lﬁuwwouﬁuﬁbgas:wiﬁo
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U 2-23 usnafEn iAatunSEEA 1SN ATIMIaENZRY 8255

unsdmuuaniu - 8255 ﬂwaﬁmmﬁmtwéﬁﬁﬁzgnuﬂqaanLﬁu 3 1/0 wash “Whun
wWash A(PA) wash B(PB) uazwa{n C(PC) wathivantisinsn futdtanasn
Burpmaz Laviw winvLRenselsnedaane dan inAutiviaysmuety 8255
uﬁannéuﬁhnw “fuA GROUP A CONTROL W& GROUP B CONTROL Faaxifiu
AN MUARIHIZNTIMITUEBINT 3 T/0 wash (DRNEIENASYmIIANFAaiL
3 wnn) e ihuin wash C [wusTnauiiy wasRIue 4 T 2 wash néuwﬁo
QnAuRNIAY CROUP A CONTROL uazﬁnnﬁuuﬁaqzqnﬁﬁuquiﬂa CROUP B
CONTROL
uRannguehyiny M DATA BUS BUFFER Wa: READ/WRITE CONTROL
LOGIC ufan ivntias Lfushuiifinsany CPU, DATA BUS BUFFER =t (Dutminas
WhLTREBYRIEY CPU #7u READ/WRITE CONTROL LOGIC At Lﬂuﬁ’]umuau

t
ot 3/

ﬂﬁﬁayatﬁww%aaanaﬁn%%aLﬂaéhﬂuﬂuﬁﬁﬂanﬂaouaxﬂuLﬁaﬁﬁtwuﬁ:ﬂn

u

TR 1DEANTTINITHINmAY 8255 udnulisTRsanvitinTzas s udasnn

189 8255 Fofiaratufl

DO-D7 : Lﬁuﬂﬁﬁﬁbgﬂﬁuﬂw/Laﬂﬁﬁwuuuﬁaaﬁﬁﬂjq (BI-DIRECTIONAL BUS)

Hunadunasdaymszwinomashing 9 1a0 8255 AulRdayRuas CPU
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CS (CHIP SELECT INPUT) : ima~iiisniursa®n “0" CPU smansofeeduwida
\BrufiayRiy 8255
RD (READ INPUT) : o iRenusaesn "0 ureRpNa ¢S fmadn ity o
TayRIIN 8255 ssnpRssuniRdaye CPU fimansa
duaan U
WR (WRITE INPUT) : Lﬁaﬂﬂﬁﬁﬂnﬂu:aaﬁntﬂu “0" usrzndpna CS Jxadn iy
"0" dhymnsTuuTRdBRTgn LTiu L EUY 8255 6
AO - A7 (ADDRESS INPUT) : ~xifufn-wmumnns tRend3aainasmuiunag
8255
RESET : 2 iidafeanus iy =1~ 8255 suag et i 9 washaag
8255 egn Viniay wivaniuym
PAO - PA7, PBO - PB7 : sndpnavanthegnadifunash 1,0 zune 8 on
1ﬁﬁa‘ﬁnﬁUQuniﬂnﬁﬂuanﬂu 9
PCO - PC7 : s dpnafignadifiuvash 1,0 2uwm 8 R 1du i funry PAO - PA7
Ua: PBO - PB7 uﬁnéuﬂaaﬂﬁﬁannmLuéﬁﬁﬁﬁuﬁinuﬁaaantﬁu

2 nau Tﬂuuﬁa:nQNﬁmuﬁﬂ 4 1R
8255 READ WRITE REGISTER

NBUNISI49U 8255 L5 WBIMINITIUSUN SNERR L ABSATLAN L Bun au
%

Y SR ﬁhuﬂﬂqﬂuguﬁ 2-24
Wwan 0 (O MODE)

N1518n 8255 Wivmanuluivie 0 TuRzrIdor AN (control
word) ﬂﬁttfi%“ﬂ'ﬂma‘{mu\’jumu
ﬂﬁﬁhﬂnuquﬁﬂznﬁmuﬂéhumznﬁswﬁoﬁuﬂﬁMduﬁa:waihﬂaq 8255 1du

D7 D6 D5 D4 D3 D2 D1 DO
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D7 D6 D5 D4 D3 D2 D1 DO

- - e = . .
; 35~ N o g \ 1 '\
b } ~ ‘8255 -3 N .
e Yo~ IS NN\ L) ; :
l 3 > ¥ B
B N | = S A e U :
AR : . Z . : ‘
LA TS Y.
3 d PORT A OUTPUT o
FiR e b g (PR parameve ZGiR] SR
_y ol Wi 2 et Lo el e
I o i Y cad S \ W
eqgtie Y0 ‘- 280 ‘-., e & WP EXTERNAL ol o e .
DR EL SNUC TN Sl 7 4l N : PORT B INPUT Devices © A
: soprmea, ey Y X ; i
: 5 s ; N\
t PORTCOUTPUT = _ | .+
i X A S ‘ A B -
i +
i e - _..'....._.J.. ' $
: i } )
] 1 } 1
4 L~ CONTROLWORD . o, mes-lor wwele i
1 a2 EX.

T 2-25 LENTRBUATEAIRIANT YIRS 8255 WA O
e 1 (1 HMODE)

ASYIRIUBEY 8255 wivan 1§ ifunnsmenutudnurnasnns
HANDSHAKE #adh A ust B avifumashiaya dunasn C szvewiinfiunis
HANDSHAKE a4 DmuuiBudtpnan HANDSHAKE WiLmash A uay 4 Thana
1Hudpna HANDSHAKE Wiiimpss B vienn 1T SUR IR IUIBIDINS

HANDSHAKE il ﬁanﬂiﬂﬁQUn7dhﬁuuandqﬁannnuﬂﬂaﬁnﬂﬁzﬂdﬁuw%buﬂﬁﬁﬂ 8255

faquit 2-26
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55 : PERIPHERAL DEVICE 8255 ’ PERIPHERAL DEVICE
STROBE DATA INTO 8255 | STROBE DATA OUT OF 8255
8 DATA BITS . eDATABITS -
7 ¢ : + Lan
INPUT BUFFER FULL 415 . OUTPUT BUFFER FULL -~
s (a) (b)

guﬁ 2-28 uﬁaniﬂa:uniku@ﬁdﬁhumznﬁsnﬁQﬂuaaqnﬂsﬁﬂﬁaszwdﬂq 8255

Augunsalmuuanudhwer: HANDSHAKE

Qjﬂjﬂﬁ 2-26 a 8255 vwih¥i Buiautinge faufigunssinmuuanazds
TayaWity 8255 efpafinnTns ey INPUT BUFFER FULL FLAG (IBF)
\uriau &1 FLAG ifuede uspIndayiuiines’ 8255 83 ignautay CPU
wnsfia FyReingunsdmpupnde Wiy 8255 udh uA CPU e lidanuliayaenn

8255 i d1 FLAG Hifluifusnadn cRU BdBYRIIN 8255 AT gunsal

b
ANBUBARMNTORIBYR WAL 8255 Wuse IBF aendmnifuadedinass

MM 2-26 b 8255 wﬁwﬁﬁﬁtﬁuﬁdtﬁﬂuﬁaya ADuR 8255 AEVNTA
Iyt sanEuanzABavn T 1 OUTPUT BUFFER FULL FLAG (OBF)

[V}

tRauanWigunsdmuusniieactl 8255 wiaaTedefayauin nliugun selnzuan
Mdnan STROBE Suiadiymifviy OBF ez iuffwuifuifeid (Hovanwigunsd
mEusn FITIRERYRW 8255 udntiu CPU Faxvmansdefaya iy 8255

OBF 2z tDus%aBnads
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WR

FROM Z80

OBF )
*" " 'PC7 OF FIGURE 6.11

L‘::_..v, ACR - e T T
EXTERNAL DEVICE SUPPLIES
i-y, THISSTROBE.» ;& o [ . .o @

PC2 OF FIGURE 6.11
SUPPLIED BY -
EXTERNAL DEVICE

IBF
PC10OF FIGURE 6.11

RD
Z80 WILL READ THE INPUT DATA

U 2-28 USRI Timing Disgram 1030 iBR UL Talnyuan
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TUATYRI WA 1 T 27989 9 289809R C RS RSN

ANV AIEAIWUANS T 2-5

7 | IN ouT

PcO |INTR,, |INTR,,
Pel[IBF, [OBFy
Pc2 |STRy, |ACK,
Pe3 (INTR, [INTR,
Pc4 |STB, |1/0
PeS {IBF, * {1/0
Pc|I/0  |ACK,
Pc7|1/0  |OBF,

597 2-5 UERYEANUSTNANY 9 1IN C

Signal generator

[l
o

w?%uﬁoﬁaﬁ17LUﬁLﬂﬁ%ﬁﬁhum:nﬁsﬁaﬁhLﬁUUﬁtqﬁauwwﬂaeaQUuauﬂ fvnn
uﬂﬁﬁxﬁuus:qﬁa&ﬁuQUﬂaunﬁﬁ (feedback loop) At iFun95dMALTAN

ﬁuﬁtnstﬂa%'ﬁdtﬁuﬂs:aﬁﬂaﬂaunﬁua:ua:qnﬁxuﬂ%ﬂa% Liﬁﬁﬂuﬂsnﬂquauiﬁﬁﬂu

1

W3IBS IAU

rfnsudausand (Ramp-Generator Theory)

ﬁhﬁﬁﬂnszuﬂﬂoﬁﬂuzuﬁ 2-29 q:ﬂﬁusqﬁuﬂnﬂﬁnnﬁﬁtﬁuu$zq Ve iilaiaan
WU AU LR L 5an MU NEDY Ve fiatamn 1§undn usny (ramp)
fifusaseey @ Saefungfnssumnaf I use mPdusomsnng

QA = It (2-9)
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Switch closed att=0

@ I
= Ve =t
2 sf Ao C
> i
———d
| L
0 5 0 ¢
(a) Capacitor charged by (b} Capacitor voltage
a constant current
UM 2-28 ummans 1iansa
Tauf Q = CVe
Flatiu Ve = I xt (2-10)
C

o Ve 1Butaed ¢ futund T ofuiaaus uas ¢ urhsan Mg 1
URt C usIfu Ve ediufudintnsaiudn inaninu v andindda Ve Usng
fin 1ilngnusn Lﬁuu*s:qamﬁ‘um:q VU RINAIUNTLSA Ve = 1V uasda Ay
useqifitiseid 1 wansaean ( c) %uﬁﬁﬁamv‘ﬁtﬁuﬂsxqq:lﬁ‘um:qtﬁu
= VI & .
vy 9 lasgend AW Ve Ainiuitay 0 St Fundn uswl use

ﬁusﬂuﬂunﬂ‘:ﬂ%’ﬁouasmuquﬁmmm
WU (Ramp-Generator Circuit)
Wi TIIRUg 2-29 gruvudisusaduium Ei usr Ri uaw

anuitany ﬁmu;s,uﬁ' 2-30 Aszud I nwuaSAs Ei use Ri W I= Ei/Ri

tHSERTTY Qz‘lﬁ’u?aﬁuxmﬁv‘m Vo
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Vo=-Eixl1 X t (2-11)
Ric
Ve =V,
A,
+;(—1 Time (s}
C=1uF _ 0 5 10 15

l T 1

Slope determined
by E;, R;,and C

JUR 2-30 WuguBufiing trashian Single-Ramp

e Ri fusevin ¢ 1unnsn ¢ tHu? Vo ume Ei 1Husase
(AR BN R URANTU AT Ei tw Ri 8eBum (-) uﬁqﬁﬂ%ﬁdxﬁUﬂﬁ:q Ve
LAY Vo ﬂﬁ:uﬂﬁﬂﬂﬂ%ﬁuﬂnﬁnﬁﬁLﬁﬁﬁﬁﬂﬂaqaaxuaxnhazﬁﬁtﬁuﬂﬁzqqzﬂwﬂﬁu
880NN Vo SEUSTARUN -Vsat Vo axulifiugudBouti Ei = ov SAEsvmad

Au EEANTTUSEY fa Haviilu Ve uar Vo axifu oV fannfes 1S

R
Jew

A9

MuninsAas (Integrator)

ﬂuﬁdﬂﬁﬁEUﬂﬁuuﬁoﬁdrﬂﬁﬁﬂwLﬁuﬁuﬁﬂ?ﬁﬂadﬁﬂﬂ%ﬂH?dﬁhﬁUﬁwtﬁu
ARG traWin 9T IEWBWRINS 1AaY SAnduoa99s (TunmeneBu 1na TR
A RE Qaivusn CF AUt 2-30 SNTTEDASIAU LW Vo
fnsoingnseiusnnd Kirchhoff ¥ #a

il & IB + iF (2-12)
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ES R

ﬂ1ﬂuﬁﬂﬁﬂﬁ§:wﬁﬁdﬂﬁzuﬂﬁjﬂﬂﬂﬂuuﬂtuﬁaﬁuﬁﬂﬂﬂﬁauﬁﬁLﬁUUﬁ:Qlﬁu

ig = C dve
dt
Fathy Rz Vin-Vs = Cp(d)(V2-Vo) (2-13)
Ry dt
us vy = V5 = 0 Wi
Yin = Cp d (V)
Ry dt
t t
¢ ¥in dt = = Cp _d (-Vg) dt
o Ry 0 dt
=C (Vo) + Vo t= ¢
t
fatiu Vo=~ Lot Vin dt + C (2-14)
RiCr o

ia C Lﬁuﬁﬁﬂoﬁua:LﬁuﬁhﬁduﬁUﬁﬁusqﬁutajﬂﬁw Vo filamn t = 0 Bun#l

Qﬁnﬂunﬁsuﬁﬂaﬁqusqﬁu1aﬁﬁﬁﬂﬁLﬁuuﬁnﬁﬂiﬂaﬂﬁaﬁuﬁuﬁn%haUﬂaqusqﬁu
dupias TGmaunfuAUAY time constant RiCp tdu fusdiudiumifiu
Sine wave Wz iliu cosine wave viaad B TuguaRud (vl avim

Q:lﬁuEUﬂﬁuﬁﬁuLwﬁuuﬁdguﬁ 2-31 (b) ust (c)
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H ) F A RI 'Vz .t e CF' ) . lvﬁ )
— |
Y Ial ig e
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- 351 v, =~ J Vi dt+C
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“Vee SR,
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W 2-31 (a) 2995Bufitns 1eas (b) use (C) upluAuLRY LDV
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'SCHHITT TRIGGER

nTiibunfummnaiasansaEneag T L B B (dullundann
0 p R RIS RO TP nﬁsﬂaunﬁﬁﬂaaﬁbaaoﬂﬁﬂLu%ﬂuxﬁauﬁuiﬁﬁhjuﬁ
2-32 W9sgdesiienusn® Vo = 0 11 LS THINEINTUNUTELLNI T RUATILILRY
SN WE Vo SN 0 2aestenmasvnsthunfentiniuies winds
s Vo = 0 dunsiin s ipun SunNnk RRaLURUBI 189999 BHIERY L ANULLIR]

ANAITIUANUULRERNRRWINI AT LEgRmMasBNA maufifinssunuil

LaglugUEaN noise

A 2-32 A5 1uSEu Fisun st LR AR

NITiBuNfMINAEiReIRA s B Vo = Voarr, U8t Vo =

Voary Wsenuieili3untn Schmitt triggers w3D Comparator with

hysteresis Schmitt trigger ¥ 2 #ln fn TulasAsuazUBLEY 11aSRY

Inverting Schmitt Trigger

WIITIUR 2-33 wsznaufudn iFuu vy 301 use AafwNuy Ry ume
Ry fugafaundiiunnn usafu Threshold ATLANTAY LAYHN L HT L3N

Asiiundinnnndl 2 sz Vo = Voary Wee Vo = Voarr, \SREfUSadu
Threshold
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Ry
Vo = VSATH (2-15)

R1+Ro

UK Rq
VL = VsALT (2-16)

Ri+Rg

W Vgap = 13V AAeRieno e e i Yoy = 5V uas Vop, = -5V

Tufa Vp = 15V 1ilp Vi LﬂuﬁuﬁﬁLu%ﬂutﬁaua:ﬁaqﬂﬁnﬁh umaun

i ! Vi
v ™ L

—p—a Y Ysatin l ““
RN o
$iy : th.-;]- ---(%%jbly -
] v 0 AL/ =,

i

Sart 1

zuﬁ 2-33 Auiasha Schmitt trigger, VIC uazEUHﬁuﬁquLaﬁﬂﬁw

Ve = Vo = 5V 1l vy ﬁautﬁuﬁuqﬂwhoﬂuﬂ:LﬂﬁauuﬁﬁbﬁduwﬁqﬁﬁuﬁqﬂaqLﬂﬁw
Vry Wwaghgell a1 vy tRiEuln Vo < luBBuiumeviiivimaen Voary ‘Du

Vsary, AT Vo Lifliuan Vpy D Vpp tufesn sv B -sv

Noninverting Schmitt Trigger

2
sor

WITWIY 2-34 AfEMugy 2-33 0 furnduneshedanansidias
ﬁnnﬂmﬁuwwﬁatﬁﬁmﬁuauﬁutdaéﬁh

o vi o (Susu Vo B uduay ﬁﬁﬁaonwsﬂﬁdqﬂsLuﬁuuanﬁuzgo
Vi sedaofiingetu dhmne vi f 15nesntwung iy B9 (Vpy-0)/Rq =

(0-VgaT1,)/Ro
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R, -5V

- W : T Vi 0 A
v 5kQ Ra Tig | A Vo Ll \/
13 k02 > Ysami,

YsaT

guﬁ 2-34 uﬂﬂoaaQ$uau§utda§ﬁ§ Schmitt trigger
Tufin Vo = - Ry VSATL (2-17)
‘ Ry

\ooa R fiu Voary Vi WSwiBRevmatinsefuinmsyniine 1 fsundy
tHu VSATL usaﬁuﬁqﬂﬁt31qznﬁuuﬂﬁ Vpp, 0 (VSATH‘O)/RZ = (O—VTL)/Rl
Tufia Vo1, = ~ Ry VSATH (2-18)

Ry

LSRN0 L TIHUBYWSY hysteresis Wil

Yo = - By (Vsaty - Vsarw) (2-18)
Ra

OSHRRANUSNIN LW

DU AU LS LADTINS ALY schmitt trigger A f9vsudn
Seana YAy IaWiNzRI2999BURAT tnn TR LTuguREuEnN LR finduwmi Tuguniu
Aviden BAvansaanin NISHRAARURNIN  MRENN TR SAEnAT o urEuR vt

129958uR 105 1AD9R92995 WA 2-35 29estiusnauis
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{20-k pot)

Voltage

VvV, = +Vee 4

Vi = “Vee | |
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ov / \<| time (sec)
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UM 2-35 URAIINITHRRARURNN L VRN

o 2 ¢ ﬁdxﬁunszq 2 fuseifumy 5 fh anadunriud vdimas
ARuRNM LYRNERN LYY Ry, Ry usz C FUTaTRE Az L iungy
SN RN FHF A UYL R a R ﬁﬁﬁLﬁufhﬂﬁﬂuﬁmﬂaﬂﬂuﬁﬂutnﬁauazaﬂaq
UREANAY R aAea A BzadnBusnu inBas iy uanuﬁgﬂﬁaoﬂﬁuﬂxwﬁuu
Q‘Jﬂx’l'tn’lll ¢ Vgap

\DWhwnas Ay sz Wietusnn iy 5ReCo>T/2 (i T Bp Period
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+ VRamp L WivZaY Aq Q:Luﬁaunﬁuﬂﬁﬂqﬂﬁuﬁﬁwﬁqﬁﬁuauuﬁtﬁuwﬁaﬁﬁuuqn
ﬁnﬂéﬁuazqztﬁﬂqunﬁsmbﬂﬁoﬁﬁBWULéaa 7 arudiafud Sseedusn s
AT Ly uauuﬁgﬂﬂﬁuﬁLwﬁﬂuﬁhﬁiuiqﬁuﬂaquwdadﬁﬂww UWARNATISON WA A AY
ﬁaﬁtuafﬁﬂﬁaﬂﬁtaﬁﬁwWﬂaq Ay ﬁQEUﬁ 2-36 (a) uauuﬁgﬂuazﬂﬁﬁuﬁﬁaq

ﬂﬁuﬁﬁutwﬁuuwﬁ1ﬁhﬁngu 2-38 (b)

- VRamp + VSat
Ro R3
: R2
win ~ VRamp = - — (+ Vgat) (2-20)
R3

YR AT IMUBIIM (+ VRapp) Ay KB WM Ay fnRn - Vg,

W+ Vgt
Ro
+ VRamp = - — (= Vgap) (2-21)
R3
Yoty UaNLURYRINnHaAtiaaa (P-P) ABIARURN LN LTy
Vo(p-p) = * VRamp ~ (~VRamp)
Ra
Votp-p) = 2 — (Vgat) (2-22)
R3
) Vgatr = |+ VSat) , VSat) aﬁnamnﬁsuaﬂqﬁauauuaaﬂﬁaqﬂauaquLwaﬁn

AR W W Rg ﬁdqLnawwsuaﬁulaﬁwwwﬂ%aﬂﬁn = VRamp N + VRamp

(W3 + VRamp ~ VRamp WAL 9183 Period T/2 Fothy =

T/2

Vo(p-p) = = - (-Vgat) dt (2-23)
RiC;y O
(¥gat) (ID

RiC; 2

ik Tn9rse yo(p_p) (R1C

Vsat
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vin T = (2RCy) Yo(pp)
Vsat
4R4CqRo
T =
R3
A Bnasda 1 LaasL iy
R3
R e T N (2-24)
4RyCqRy

nﬂquaQﬂﬁuﬂﬂulnﬁﬂuLﬁuﬁﬁﬂﬁ'(Triangular—to—Sine Wave Converter)
ﬂunﬂﬁwﬁﬂEUﬂﬁuﬂﬁa'ﬁﬁuﬁﬂﬁuﬂﬂuxuﬁﬂuwﬁuLﬁﬁaeqsuauﬁlﬁa (nonlinear wave
shaping) ﬁQ:LaﬁﬁﬁwaanuﬁLﬂuﬁannm Sinusoidal NITAIEAIWTY 2-37

23 1flungssarnedny uszﬁw%nﬁWﬂaoﬂﬁuﬁﬁuLwﬁauﬁhazﬁbatﬁuﬁhum:ﬂmuﬁﬂsﬁu
ua:ﬁuauuﬁgﬂﬁtnuﬁzﬂuﬁu VIC (Voltage Transfer Curve) Fa2995unuR iy
a:ﬁns:uaunwsﬁﬁuﬁuﬁﬁunuﬁﬂuauuﬁgﬂﬂ34ﬂﬁu W fifuEgus e nasRtu
WNNIAEIAY Sinusoidal VIC 1ﬂﬁnﬁswﬁaﬂqmauﬁﬁﬂaqunsmuauﬁLﬁuﬂﬁhd

IR LABSLRL AR

The Logarithmic Wave Shaper 7939 Logarithmic ¢ WM&y

Sinusoidal VIC WRRT288UsEnaufY emitter-coupled BJT § nuzpd

*
.

YRFAIW LAl waﬂaozuﬁﬁuﬁaanuﬂaaﬂunauﬂaoﬂﬁuﬂﬂuLmﬁauazﬁaaaﬂﬂq
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6.6 Vt \fa Vim 82 worefunnoniumy vibaiay vVt il Thermal Voltage
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Thuznanusn v iﬂuﬁﬁiﬂqzagﬂuﬂﬂuiﬂaﬁha:LﬁuﬁﬁﬁtMNW:auﬁqziﬁEUﬂﬁu
fi¥inanna WA 2-38 Va5 uvnoudi® wnasstsznaudoy LM324
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The JFEF Wave Shaper JFET e WWn&1fuail Sinusoidal VIC SAuAAS

WRaRAY I-V characteristic 289 JFET ufinuiavidm fuanRgnnainiiu
ﬁwuLuﬁﬂuLnuﬁ:auwaﬁﬁUQwauﬁﬁﬂao JFET nszusiivaWutadss iy quarter
sinusoid 9 drain ust source W RHWLRIMYWBE W quadrants 71 1

uae 3

R
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- 3 100 kQ
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\; +Y 100 560
kQ INGST K | MO o]
L 4 TLOT2 Nr
MPFI11 "2 DU
IN4S7 X w12y, L
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wusih 2-39 JUINABRIARURL TUAY J1 1A TIRSRALREFAuuTHaTizn

drain UAY source w3 UNIGRA THD FMFUNUR source EULRINSEUEH
WRWED TSI Ay I HSEMASIAURINFDING WNaRs 2-39 TneTng
thudanasn v 1 i aBu 1naTRenag Ap W Ry umzfduvnu 1 K
WNTUSUANANY 9 78979951 Ry USUAIAGUARY Sinusoidol W wax Rop

USU RN SRR LR D ILAARRY Ry Wi rAudaaNa LAY

The Breakpoint Wave Shaper ABuinflzandiriasanuacdaduvnusa iy

diviiada Qﬂuqﬂﬂ:aﬁniﬁ%s:ﬁﬂﬁﬁo 7 138RRNaBREiENAdNLAY VIC SAHE
A (R uarinasia 1 ng FRURAIUTY 2-40 tﬁuﬁhaﬂﬂoﬁeﬁqﬂwqﬂ 3 9A AVYA
safutitnn 1T EFn tnnzasteten Whrs o faduda ia V1<Va<Vg
W V3 8 Feaefraiiatentivatu s Vo = Vq tufiouifiiven iy

R VIC fiB 5o = 1 iRaW Vi i Bagn Threshold V; + vy 1 g
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(TSI Forward Asan Dy v Ry I fuiven stmu S1

Vo/ V3
= R1/(Rg + Ry) WRIWMAISYMIUIDY Dy Lﬁunﬁﬁﬂﬁﬁqqﬂwqﬂﬁ Vo = V1 + Vp
(a1l V; uiygn threshold Vo + Vp ﬂqﬂﬁ Do evanu Aot %91funs
s gavyamitasaTau L S2 = (Ry//Ro)/[Ry + (Ry//Ro)] & 1 4
f9gn threshold V3 + Vp avauufwuidiu S3 = (Ry//Ry//Rg)/[Rot (Ry//
Ra//R3)]
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{

]
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‘,1I
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(a) 3 ' R (h)

S 2-40 N9 ufRsusnuiven Siureitaeds Breakpoint
ﬂunﬂﬁLﬁanﬂ*unﬁomaqQﬂwqﬂﬁnwnﬁuqzwﬁﬂﬁqoaﬁﬁamauﬁﬁﬁﬂnﬁLﬁﬁoﬁu VTC
Mg 2-40 fuiflunnsafeeSanfutumon nifu wnrse¥erBantuauiiy

Q:ﬁﬁdﬂﬁﬂﬂﬁ%ﬂﬁﬁ%mﬁaﬁﬁuﬂﬂaaﬂmﬁaﬂLﬁuﬁuﬂuw1aauaﬂwqﬁaLﬂaa

AU AC 1Py DO

Half-Wave Rectifier Wn3vsguf 2-41 1fugumnansss i5afitninny

LT AL T T oL R RV TETTITITY (L AEOVARE SNSRI 1Y, YOy Fatl
o v; > ov Femwan Vp = Vp = 0 nstudainu Ry andneiunan

NTEUTIMRU LM Dy i % Voa = Vn - Vpeony 0.7V Tnufl
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Vi <0V Vlmamauﬂ Vp = Vp = 0 ASTUFIRW U R usc vanu Do,
Ro YWl Vgp > ¥, 4 Dy vy V= 0V, use V5 ediusiu

TURNRUEIDINSTEBULLRU L2959 Ba

Vo=~ Rg Vy ; Vi <OV (2-25)
Ry
\ 'V\v = ©
+
v L
0(7 < HI i l“ﬂ

:ilﬁ';'l 2-41 URANIINS half-wave rectifier

e Vs udeu aviw Vo usnn R Laveaatkian Swing

0 .
o ol

ANNATN Vo 84 0.7 V fatlu mvam::‘lﬁ LRE9R%I 1 L ARunaanan

Full-Wave Rectifier 7937 5afiniaasuuuifurndusudanna \aTMafiuBuwm

UREMASHURIA N Tuns edutnn v aaumadau LY AAURAIWGIW 2-42

AITHNIURT LERF W Laas i Furduirviis sfuma duunnlsan s |y

Vo= ¥y (2-28)
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Vo= - Vg (2-27)
WNWIRH 2-42 15znpusan A1 112999 (GAR W maSunegantu uas
Ap DR TnwiRs Il 1 fa 2 1aiEea2995 15ARIN ansluuRS Ry

Vi T W TURUSRAAY V5 Vi = - (Rg/Ry)V; Piawimas Ay Vg, =

-~ (Rg/Bg)V; - (Rg/Rg)Vpy, SEI4

Vo= - My Vi W Vo< OV (2-28)
Vo = Ay Vi W (Vi 0OV (2-29)
R.;(= R) .
W
é Ri(=R) Ry=R) Ri(= R/2) Rs(= AR)
Vi My AN - 42 My
4 . Y

ld
[}

guﬁ 2-42 N5 Full wave rectifier
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R2 Rg
(15314

——

Ry Rg

Ap =

- An

~Ayi B Vi< OV uRe Vg = AV; ¥ vy > ov dufe

15BN SRR 1T L ArmaInEu LYnAuSpa il Ay = Ay = ARV, =
15

Vor =4 V3

nsaoﬂﬁﬁuﬁ (Filter)
19N

WHHBIW Ry = Ry = Ry = R Rg = R/2 uae Rs = AR

(2-30)

TAIMNNAAY (Lowpass filter) WM 2-43 1Tunasnsasanden
1A 2 order TR WIUBEY curve 40dB/decade t978MNsamanng
ﬂdﬂuﬁuﬁuﬁézuﬁwexaﬁﬁmnﬁuﬁuﬁwiﬁ

c2
L
1
+VCC
IN R1 R2 ouT
P
ci

l =Vce

guﬁ 2-43 299N B tia 2 order



NI 2-43 vrasuURIWaYWEEY admittance Yy, Yo, Ya, Yy

wse K fia A1 inun1sasieeaanaaTion muniay Ry Ut Rp ASLAIgIM 2-44

Y1

.

guﬁ 2-44 MSUURINITWSY admittance

Y2

¥3

v4

EC

N 2-44 uWIEPDI Node Voltage and @ quith Node (ffu

2 Node % Node A

# Node B

(VB - VA) Y2 + VB Yg
(Yz + Y&) VB - Yz VA

LaT

By h I + I3
(VA - Ei)Yi + (VA - VB)Y2 + (VA - EO)Y3
(Yq + Yo + Y3)VA - Y1Eq - Yo Vg - Y3 Eq

IZ + I4

"

(2-31)

(2-32)
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Vg = Eq
K

UMRNANS T (2-33) UMuRNAS T (2-32) w9

Vp =

(Yo + Yg)

— {Ep}

Y2 K

U5 (2-33) uar (2-34) uvulu (2-31) W

WK = 1 follu

Egy

Ej

WnuAn yq = 1

Ry

Eq

Ej

1/RyRoC1Co

S2 + S(1/CyRy + 1/C1Rp) + 1/RyRyCiCyp

Y Y

Y1Y2

2

Yo

+

1

Y1Y4 + Y2Y4 + Y2Y3 + Y3Y4 + Y2Y3K

(2-33)

(2-34)

(2-35)

R

1/ R R Cy Co

w2

(1/C1R1 + l/Cle) + l/R1R2C1C2

W

1

R{ Ry C1 G

(2-36)
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Was

fy = 1
2&  RqRyC1Cp
W Ry= Ry =RURE Cy = Cy = C
fy- 1

(2-37)

nef £y An ARl (cut off frequency) afhanunaL S IfuR

Laﬁﬁﬁwazaﬂaq 3 dB anfgIgaRRI NN 1S s NSaAn Voltage gain

magnitude WRIARNANS
Ap
Eg =

E1 1+ (/54

= 1+ Rp Huinuznangss

5

>
i

I

Ry
i ﬂ?ﬁuﬁﬁuﬂﬂ (Hy)

£ o anuagann (Hy)

(2-38)

WITNTIMN WA (High pas filter) WATNTDIAMWAFIEEANKE19AwE

HUGHUARBALREAUT AR 1A 1 2-46 fhnesnsasmaidige

2 order TafiArmuzng Curve 40 dB/decade \S&NSaMNARNNRWUE

TEWINIBURMIRE LAV S nsNSR (2-35) T sansaun i@ TaEans

HWMUAN Yl = SC]_ Y2 = SCZ_Y3 =1 Y4 =1
Ry Ry
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g2
E, = (2-39)
Ei  S2+ S(1/RyCy + 1/RpCy) + 1/RyRoCyCo

WL2 = 1
R{RpC1Co
UQ &u fL = 1

2x © R{RoC1Co
WR =By =R C;=Cp=¢C iR Bu

fRI=V ] (2-40)
2& RC

URZ L9JNNSaMIAN Voltage gain magnitude 2BIWAITNTAIAWAFI RN

SVl
Eg Ap
- (2-41)
E; el + (f1/f)4
tiin Ap fia 1nUNTSIENYRR979R5
f fn ﬂ')ﬂuﬁnaqﬁ:\ruwmﬁuvm (Hy)
£1, fin ﬂﬁﬁnﬁqﬂﬁh (Hy)

NITATHIMNUUOY (Band pass Filter) NITATDIAIMEITATTIANNAY

. A7 (passband) ayTEwinaseIgRdianNg Aa fy wew £y 99 fy > £,

Fdem@diu 9 %ﬂﬂagﬂuﬂﬁuﬂdﬁuﬁﬁazgnaﬂwau WATNTDIU MR TR
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WULNFBIHUATBA 4 (wide band) URNILLLNTDIHURIIELAL (narrow
band ) ﬁdﬁnﬁuuﬂﬁﬂtﬁuﬁaasnsaoﬂﬁﬂinuﬁhﬁa figure of merit via
quality factor 1 Q < 10 uuurBimuuudn$e @ > 10 Furlinuiudiay
arty Q 1ufn selectivity vnufla 61 Q P selectivity Ann via
WIATUAL (BW. ) AM@IUSTEwIndn @ uasuuuiad (% -3dB) use

AIRARNS Lusasnns

Q = \ (2-42)

B.W. fy - f

) £y Lﬁuqﬂﬁhﬂdﬂuﬁﬁa (Hp)

f1,  ugRARRIADAN (H,)

+10 [~

+4.006 f—~ — - — - —
0dB |-
40 dB/decade

-20

Voltage gain in d8

Passband

100 fe=1k i 10k 100k M

Frequency (Hz)
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WATNTIN ML L LUAA 3 WﬁﬂﬁﬁﬂanﬁﬁuﬁdoansaoﬂﬁﬁuﬁQJua:ﬁeqs

-

NIDIATWAA"ANAD LFEIAY (cascading) PR 2-48 PN MUARARARIAER™
(£1) ﬁaqaansaaanﬁuﬁﬁqua:ﬁhﬁnﬁnuﬂqﬂﬁhﬂﬁwuﬁga (fy) AB299n923

ANAAN AMTUNES curve TuBPAU order 1DIWINTBI LT JAfiRAINLETIAN

UREER WIFRINENIS

fL = 1 (2-43)
2% RC
fL SN (2-44)
2 R C
li.‘la fH > fL

A1 Voltage gain megnitude 7837995A9BINULOLLLMULAG A -

AR5 UAN Voltage gain magnitude ﬂaaﬁqﬂiniaoﬂdﬂuﬁgoua:ﬁaqs

NTBIAAA MR

E, App (£/fL,)
- (2-45)
E; L 1+(£/£1)21[1+(£/E 2

1B Apy  huinusaiowe
£ Lﬁuﬂdﬁuﬁﬁnnnmﬁuwﬂ (H)
fr, ugadinaadidn  (Hy)

fy LLURAIAAIAAF (Hz)
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+1046 L
+10[7

+5 -

20 dB/decade ~20 dB/decade

0d8

-4.54
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|
t‘sandwidm.i
!
| PR : L ¢ 1292611 A . s .

10 ' 100 f, =200 T =1k 10k 100 k

fo = 447

Frequency (Hz)

zuﬁ 2~-48 URADLRUDIAINNALDINGS Wide Band-pass filter

29350909 AL S 1 56 (Band-Reject filter) gl 2-48 1Hu234s
Wiy Narrow Band-Reject filter w3 i8undnZawBiain notch filter
USENOUIFIY %A twin-T network Fa1flu passive Filter usronLMaNL]

Vaaduand (£y) SR LoWHREQNRAYAURIEA ANARUaNIVT IHRANENN NS

£, = _1 (2-46)

WU 2-49 b WYWRN figure of merit @ (FBu 1wszansthundy
N aWiwzadankianingd R/2 uat 2C HRRALRUBINIAINANDINIRIATE

AN USRIUTY 2-48 ¢ 2995n9DIAIRLLLINAVT SBAUN UL N

WEALn S BasnsuazuINu 1ASDI Y%
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Vin ! _‘{ Yo
R |

— 2C

(b)

Bandwidth

Frequency

Euﬁ 2-50 ﬁoﬂsnﬁaoﬂqﬂuﬁuuuuawﬁ'(notch filter)

Fleld-Effect Transistor v@a1%un41 FET ﬁagwaﬁﬂﬁﬁﬂuﬁﬂuﬂﬁétﬁaﬂsmﬁ
\am1E Junction Field-Effect Transistor 82 JFET wnthi JFET

§ 2 #fin AD N-Charmel usr P-Channel AusRITusY 2-51 | udn@waag
JFET 083y 2-51 a 1fusfin N-Channel & navnnthgnasd 1in &1 fugtie
P-Channel ﬁhgﬂﬁsqzﬁéanﬁhzuﬁ 2-51C wnea I urlin N-Channel
27 Drain W& 27 Source IEAaAURNSAIRIUTTR N &N gate fipAl

fTAvunItin P
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Drain Channel Drain
i
1
Gate Gate
O
Source Source
-{a) (b) {c}

guﬁ 2-51 URAIIASIRSIN2DY JFET

IRSIR9EDY JFET 7%A N-Channel uﬂﬂoﬂuguﬁ 2-52 Fauszanding
UWHWIUR SAEREN source URE drain AaLREaI U N1 TR N %insanananas
UMIRTRNNTSALRNS P i uatdazn gate ¥l P dhu JFET 10n
P-Channel fthuarinsisdedinsatudaniunia N-Channel FET fanaan#na
NS WIRInas (BIT) ns9% FET ﬁnﬂ:uﬂﬂﬁﬂLﬁﬂﬁﬁﬂwaﬂuﬁdqunﬁd fin
21 3nATau WD R TN 1B

0157 RS IUSEWING Drain ey Source Wi Vpg ngu SAu
Vos ‘T OV 15 fierinamifons V-1 characteristic curve 2-53 d
HIND189 curve Ty 3 du B BaF Vpg < Voo ﬁeuﬂﬂoﬁhumz
TATIRTNWGY 2-53 a nsvewwudaall JEET Nnns® ivilauidnumu
33158091 Ohmic region 1 Vps = Vpo ﬂdoﬁhﬁ:uﬂﬁinaﬂuuﬂuuuaﬁauﬁﬁo
XYY nﬁswﬁoﬁuﬂuﬂﬁqﬁﬁeLnuﬁzﬂﬁwﬁuﬂuﬁuﬁannnmazL%uniﬂ saturation
region ﬁhuﬂﬂqﬁﬂiqﬂﬁﬁoﬂugu 2-53 b 1 iTensadiy Vg > Vpo NFTURVHTU
Wit U NI JFET 1Ruvny Fanrsvmenuundl 157w

t .
WA Wi 158n4 Breakdown region ABULSIRERRNSAN 1AM
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‘I— doped
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Source X < Drain
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n channel
:
i fed TN
Vs ’|l[
LY LR

(b)

(c)

zuﬁ 2-52 URANIASIRT YA JEFT #lin N-Channel

e Depletion region

(a)

*

» Depletion region

Ip

D

P Vps> Ve

(c)

Depletion region

p
b d
I_—OD

{ 7
P* Vps=Vpo
)
Ip
| D
pss [~
T\ ,‘
: Ves =0 1
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Yro Yo
)

guﬁ 2-53 uﬁﬂaqmﬂuﬁﬁﬁﬁa % 183 JFET
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ATV WW Ohinie region AMFYMIUMUENT USafl Vpg Reremwnn

(Vpg < Vpo) ®MN901T8UAMNRNRUSYAY V-1 Characteristic Wit
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45 161 157 160 7 555
50 178 175 180 8 625
55 196 196 200 g 680

o % wial |
ANTWIN 4-2 g HRNITVARDIINITINRINOTEUAI WA




Toumiind | foyef | e Fayafind foueft | Asud
ALAN | AWK | e AN | Al | g
(KHz) (KHz)
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80 1 0.7 4.3K 52 37
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800 8 1160 mV] 20K 8 160 mV
3K 8 160 mV
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XR-2206

M!onolith‘ic Function Generator

GENERAL DESCRIPTION FUNCTIONAL BLOCK DIAGRAM
The XR-2206 is a monolithic function generator inte-
grated circuit capable of producing high quality sine, mm—u————L__]
square, triangle, ramp, and pulse waveforms of high-stability AM E
and accuracs. The output waveforms can be both amplitude INPUT 1 j I 16 SYMMETRY
and frequency modulated by an external voltage. Frequency ~~OR & E E TJDJ'
of operation can be selected externally over a range of 0.01 OUIEUT
Hz to more than 1 MHz, MUL,L'\%'ER
MULT. QUT E . SINE ‘—E
SHAPER WAVEFORM
The circuit is ideally suited for communications, instru- ADJ
R . 5 = N +Vee E "E _J
mentation, and function generator applications requiring
sinusoidal tone, AM, FM, or FSK generation. It has a typical
drift specification of-20 ppm/°C. The oscillator frequency nw[; E E GROUND
can be linearly swépt over & 2000:1 frequency range, with CAPACITOR
an external control voltage, having a very small affect on E E gm%u‘r
distortion. r—
/ nesfs'TMcl)’;(s; E_—] E e
8 | swircres (9] s,
FEATURES
Low-Sine Wave Distortion 5%, Typical
Excellent Temperature Stability 20 ppm/°C. Typical
Wide Sweep Range 2000:1, Typical
Low-Supply Sensitivity 0.01%V. Typical v
Linear Amplitude Modulation
TTL Compatible FSK Controls ORDERING INFGRMATION
Wide Supply Range 10V to 26V
Adjustable Duty Cycle 1% to 99% Part Number Package Operating Temperature
: XR-2206M Ceramic -55°C 10 +125°C
XR-2206N Ceramic 0°C to +70°C
XR-2206P Plastic 0°C to +70°C
APPLICATIONS XR-2206CN Ceramic © 0°Cto +70°C
XR-2206CP Plastic 0°C to +70°C
Waveform Generation
Sweep Generation _
AM/FM Generation SYSTEM DESCRIPTION
V/F Conversion
FSK Generation The' XR-2206 is comprised of four functional blocks: a
Phase-Locked Loops {VCO]) voltage-controlled oscillator (VCO}, an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set
of current switches.
ABSOLUTE MAXIMUM RATINGS The VCO actually produces an output frequency porpor-
tional to an input current, which is produced by a resistor
Power Supply 26V from the timing terminals 1o ground. The current switches
Power Dissipation 750 mW route one of the timing pins current to the VCO controlled
Derate Above 25°C 5 mwW/°C by an FSK input pin, to produce an output frequency. With
Total Timing Current . 6 mA two timing pins, two discrete output frequencies can be
Storage Temperature -65°C to +150°C independently produced for FSK Generation Applications.

z=

EMR Integrated Systems, Inc., 750 Palomar Avenue, Sunnyvale, CA 94086 * (408) 732-7970 * TWX 910-339-9233
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ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 1, V* =12V, Ty = 25°, C=0.01 #F. Ry = 100 k2, Ry = 10 k2, R3 = 25 kQ
unless otherwise specified. S open for triangle, closed for sine wave.

XR-2206M XR-2206C
PARAMETER MIN. | TYP. | MAX. | MIN. [ TYP. | MAX. | UNIT CONDITIONS
GENERAL CHARACTERISTCS
Single Supply Voltage 10 26 10 26 \
Split-Supply Voltage 5 $13 t5 £13 v
Supply Current 12 17 14 20 mA Ry > 10k0
OSCILLATOR SECTION
Max, Operating Frequency 0.5 1 0.5 1 MHz C=1000pF, Ry =1kQ
Lowest Practical Frequency 0.01 0.01 Hz C=50uF, Ry =2MQ
Frequency Accuracy £1 t4 £2 % of {g fo = 1/RC
Temperature Stability +10 +50 £20 ppm/°C 0°C< Tp < 75°C.
Ry =Rp=20kQ
Supply Sensitivity 0.01 0.1 0,01 %/V Viow = 10V, VH|GH = 20V,
Ry =Rp=20kQ
Sweep Range 1000:1 2000:1 2000:1 fH =1 fH@R = 1kQ
fLe R/ =2MQ
Sweep Linearity
10:1 Sweep 2 2 % fL=1kHz, fiy= 1Q kHz
1000:1 Sweep 8 8 % f_ = 100 Hz, fi4 = 100 kHz
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 ka
Triangle Sine Wave Qutput b See Note 1, Figure 2.
Triangle Amplitude 160 160 mV/k 2 Figure 1, Sy Open
Sine Wave Amplitude 40 60 80 60 mV/k Q Figure 1, S1=Closed )
Max. Qutput Swing 6 6 Vp-p
Output Impedance 600 600 Q
Triangle Linearity 1 1 % .
Amplitude Stability 05 0.5 dB8 For 10M1 Sweep
Sine Wave Amplitude Stability 4800 4800 ppm/°C See Note 2.
Sine Wave Distortion
Without Adjustment 25 25 % Ry =30kQ
With Adjustment 0.4 1.0 05 1.5 % See Figures 6 and 7.
Amplitude Modulation
Input Impedance 50 100 50 100 ko
Modulation Range 100 100 %
Carrier Suppression 55 55 dB
Linearity 2 2 % For 95% modulation
Square-Wave Output
Amplitude 12 12 Vp-p Measured at Pin 11,
Rise Time 250 250 nsec CL=10pF
Fall Time 50 50 nsec CL=10pF
Saturatioh Voltage 0.2 04 0.2 0.6 v I =2mA
Leakage Current 0.1 20 0.1 100 nA Vqq1 = 26V
FSK Keying Level (Pin 8) 0.8 1.4 2.4 08 1.4 24 v See section on circuit controls|
Reference Bypass Voltage 29 3.1 3.3 25 3 35 \ Measured at Pin 10.

Note 1: "Output amplitude is directly proportional to the resistance, R3, on Pin 3. See Figure 2

Note 2:

For maximum amplitude stability, R3 should be a positive temperature coefficient resistor.
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Frequency-Shift Keying:

The XR-2206 can be operated with two separate timing
resistors, Ry and R2, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 12. 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 ar connected to a bias voltage 22V, only Ry is
activated. Similarly, if the voltage level at Pin Q is <1V,
only Ry is activated. Thus, the output frequency can be
keyed between two levels, f{ and fp.8s:

fy = 1/H1Cand fy = 1/R2C

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 Figures 10, 11 and 12, 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 10 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
Rl 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 10 can be converted to split-supply
operation, simply by replacing all ground connections with
V=, For split-supply operation, R can be directly connected
to ground.

With External Adjustment:

The harmonic content of sinusoidal.output can be reduced
to =~0.5% by additional adjustments as shown in Figure 11.
The potentiometer, Ra. 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 Ry for minimum
distortion.

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

Triangle Wave Generation

The circuits of Figures 10 and 11 can be converted to
tfiangle wave generation, by simply open-circuiting Pin 13
and 14 (i.e., 51 open). Amplitude of the triangle is approxi-
mately twice the sine wave output.

FSK Generation

Figure 12 shows the circuit connection for sinusoidal FSK
signal operation. Mark and space frequencies can be inde-
pendently adjusted, by the choice of timing resistors, Ry
and R2; 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 13 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying ter-
minal (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 Ro. The values of Ry and Ro should be in the
range of 1 k2 to 2 M§2.




XR-2206

Resistor, R3, at Pin 3.

1 = Ol oeto rom swie wave.
TRIANGLE 0
SINE o
ouTPUT SYMMETRY ADJ.
Q 8 = 5K %
A [ T
] .
= b. I "al E
[X1 94 4
o} S, i
d 1uf C THO ADJ
:_E C'LC :’-T—I-—A/W—ov. §
- a oK
= " = ©C VOLTAGE AT PIN
FSK WePUT
Figure 1:  Basic Test Circuit. Figure 5: Normalized Output Amplitude versus DC
Bias at AM Input (Pin 1).
s [
vluno;t V
g* .
g Sl X CTTOTCA .
g ‘ 7 " z OISTORTION AT 30 K11
SINE WAV 3
A :
> / / $
E o Y4 g \
Q
‘é / / Jq° 1 ]
' 4 \‘\—‘/
L] .
o 0 0 [ ] 0 00 10 w 100 109
Ry KU TIMING R K1)
Figure 2: Output Amplitude as a Function of the Figure 6: Trimmed Distortion versus Timing

Resistor.

2

2x0 A))\

AN

lccima)

\

A\

-
’/ »30 K1)

L] it 1 0 24 2
Yec

“o.."l m:uvuusmu
Yout = 0.
R{ = 10 K1}

4

o

L] 100 " 10% 100% "
FRAEQUENCY (Hz)

Figure 3:

Supply Current versus Supply Voltage,
Timing, R.

Figure 7:

Sine Wave Distortion versus Operating
Frequency with Timing Capacitors Varied.

nun

100 K1Y

TIMING RESISTOR N

nwKn

1Kn

3
I C e 001,F

? LT
£, A 2K
E S"H\ “-:;o;o'xn }
> 8 .._._@ -
g ?— R tORD
§ - Nna2k Axiun
& \-n.lnm

-2

A= 1xn \
-3

-850 -3 [ s %0 S w00 128
AMBIENT TEMPERATURE (*C)

Figure 4:

R versus Oscillation Frequency.

Figure 8:

Frequency Drift versus Temperature.




 XR-2206

PRINCIPLES OF OPERATION

Description of Controls '

Frequency of Operation:

The frequency of oscillation, 'o- 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 fre-
quency is given as: .

f0=ﬁ- Hz

and can be adjusted by varving 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 k) <
R < 200 k2. Recommended values of C are from 1000 pF
to 100 uF.

Frequency Sweep and Modulation:
Frequency of oscillation is proportional to the total timing
current, It, drawn from Pin 7 or 8-

32017 (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 IT. over a wide range of
current values, from 1 uA to 3 mA, The frequency can
be controlled by applying a contro! voltage, Ve, to the
activated timing pin as shown in Figure 9. The frequency of
oscillation is related to Ve as:
f=b Moy,

RC RC 3

.

where Ve is in volts. The voltage-to-frequency conversion
gain, K, is given as:

K = dt/ave =- % Ha/v

CAUTION: For safe operation of the circuit, It should be
limited to €3 mA,

Output Amplitude:

Maximum output amplitude is inversely proportional to the
external resistor, Ry, connected to Pin 3 (see Figure 2). For
sine wave output, amplitude is approximately 60 mV peak
per k& of Rg; for triangle, the peak amplitude is approxi-
mately 160 mV peak per kQ of R3. Thus, for example,
R3 = 50 k 2 would produce approximately *3V sinusoidal
output amplitude,

Amplitude Modulation:

Qutput amplitude can be modulated by applying a dc bias
and a modulating signal to Pin 1. The internal impedance at
Pin 1 is approximately 100 k 2. Output amplitude varios
tinearly with the applied voltage at 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
a well-regulated supply, since the output amplitude now
becomes a function of V¥,
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ELECTRICAL CHARACTERISTICS (Vo= +15V, ToA = +25°C, unless otherwise specified)

25
>
“«

- LIMITS :
PARAMETER MIN TYR - MAY UNITE CONDITION
Supply Current , 2.0 3.5 6.0 mA 8v<Vec<lisy
PRy 2.0 4.5 1.5 mA 1sv<vee<22v
Conversion Accuracy L . TRy
Scale Factor 0.90 1.00 .10 kHz/V Circuit of Figure 3, V[ ajm
: ! Rs = 14. 0k :
o s . ¥
Drift with Temperature . - 1100 - ppm/ C Circuit of Figure 3, Vl! i
N : I'S“
; - 0.2 1.0 %V Circuit Figure 3, V[ = {§
Dnft with Voc BV < Voo < 16V
Input Comparator
Offset Voltage - S 10 mV
Oftsct Curgent . - £50 1100 naA
Input Bias Current - -100 =300 nA
* Common Mode Range (Note 1) 0 0to Vce-2 | Vee-3.0 v
One-Shot
Threshold Voltage, Pin § 0.63 667 05‘:)(()) xAVcc
Input Bias Current, Pin § - ~100 - n
Repset VSAT - - 0.1 0.50 v Pin$§, 1 =2.2mA _
g ¢
Current Source g A
Output Current - 138.7 - HA P!n 1, V=0, Rg = 14,0
Change with Voltage - 1.0 2.5 HA Pinsl, V=0V to V !
Off Leakage - 1 50.0 nA Pin [, V=0V
Reference Voltage 1.70 - 1.9 2.08 Y Pin 2
Logic Output
VSAT - . 0.15 0.50 \ Pin3, 1 =3.0mA
VSaT ' - 0.10 0.30° v Pin 3, 1 = 2.0mA
Off Leakage - A 1.0 HA

Note 1: Input Common Mode Range includes ground.

RRINCIPLE OF OPERATION

SINGLE SUPPLY MODE VOLTAGE-TO-FREQUENCY
CONYERTER

Ia this application, the XR4151 functions as a stand-alone
voltgs-to-frequency converter operating on a single positive
power supply. Refer to the functional block diagram and
Figure 3, the circuit connection for single supply voltage-
lo-frequency conversion. The XR-4151 contains a voltage
comparator, 2 one-shot, and a precision switched current
source. The voltage comparator compares a positive input
voltage applicd at pin 7 to the voltage at pin 6. If the input
voltage is higher, the comparator will fire the one-shot. The
output of the one-shot is connected to both the logic output
and the precision switched current source. ‘During the one-
shot period, T, the logic output will go low and the current
source will tum on with curreht I. At the end of the one-shot
period the logic output will go high and the current source will
shut off. At this time the current source has injected an
amount of charge Q = IQT into the network Rp-Cp. If
this charge has not increased the voltage Vp such that vg
>V{, the comparator again fires the one-shot and the cur-
Tent source injects another lump of charge, Q, into the Rp-Cp
network. This process continues until Vg>V|. When this con-
dition is achieved, the current source remains off and the
voltage Vp decays until Vg is again equal to Vi. This com-
pletes one cycle. The VFC will now run in a steady state

mode. The current source dumps lumps of chargs into 1
capacitor Cp ut u rate fast enough to keep Vy>Vy, Since th
discharge rate of capacitlor Cp is proportional toVp/Rp, thi’
frequency at which the system runs will be proportional to (k
input voltage.

——mty,
[T T
'v‘ %l.ﬁ'
0 Vi € VOLTAGE WruT
TRIOULNCY
outruy
"o
L3 11}
o cxvywntaca-aae M By
1 o 0= K% W mAce v

Figure 3. Voltage-to-Frequency Converter
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GENERAL DESCRIPTION

Voltage~to~Frequency Converter

The XR-4151 is a device designed to provide a simple, low-cost method for converting a DC voltage into a proportional pulse
repetition frequency. It is also capable of converting an input frequency into a proportional output voltage. The XR-4151
is useful in a wide range of applications includng A/D and D/A conversion and data transmission.

FEATURES

Single Supply Operation (+8V to +22V)

Pu!se Output Compatible With All Logic Forms
Programmable Scale Factor (K)

Linearity £0.05% typical~precision mode
Temperature stability $100% ppm/°C typical
High Noise Rejection

Inherent Monotonicity 5
Eusily Transmittable Output -

Simple Full Scale Trim \
Single-Ended Input, Refernced to Ground

Also Provides Frequency-to-Yoltage Conversion
Direct Replacement for RC/RV/RM-4151 -

EQUIVALENT SCHEMATIC DIAGRAM

ABSOLUTE MAXIMUM RATINGS

Power Supply 22V

Output Sink Current 20mA

Internal Power Dissé'g’atiqn 500mW

Input Voltage 0.2V to +V¢

Output Short Circuit to Ground Continuous

APPLICATIONS

Voltage-to-Frequency Conversion
A/D and D/A Conversion

Data Transmission _
Frequency-to-Voltage Conversion
Transducer,Interface

System lso{nlion

AVAILABLE TYPES

Part Number Package Operating Temperature
XR41510 Plastic - 40°C 10 +85°C
XR-4151CP Plastic 0°C to +70°C

FUNCTIONAL BLOCK DIAGRAM

Figure 1.

|
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cunaent | SPTCH J_GD_—‘
SOUKCE OUTPUT
i L[
$CALL FACTOR | H ! INFUT VOLTAGE
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Figure 2.
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TYPICAL APPLICATIONS

GINGLE SUPPLY VOLTAGE-TO-FREQUENCY
CONVERTER 5

Figure 3 shows the simplest type of VFC that can be made
with the XR-4151. The input voltage range is from 0 to +10V,
and the output frequency is from 0 to 10kHz. The full scale
{requency can be tuned by adjusting Rg, the output current
set resistor.  This circuit has the advantage of being simple_‘
and low in cost, but it suffers from inaccuracy due to a num-
ber of error sources. Linearity crror is typically 1%. A fre-
quency offset will also be introduced by the input comparator
offset voltage. Also, response time for this circuit is limited
by the passive integration network Rp Cp. For the com-
ponent values shown in Figure 3, response time for a step
change input from 0 to +10V will be 135mseé. For appli-
cations which require fast response time and high accuracy,
use the circuit of Figure 4.

PRECISION YOLTAGE-TO-FREQUENCY CONVERTER

In this application (Figure 4) the XR4151 is used with an
operational amplifier integrator to provide typical linearity
of 0.05% over the range of 0 to -10V. Offset is adjustable
to zero. Unlike many VFC designs which lose linearity below
10mV, this circuit retains lincarity over the full range of
wput voltage, all the way to 0V,

Terim the full scale adjust pot at V| = —10V for an output
frequency of 10klz.  The offsét adjust pot should be set
fur 10Uz with an input voltage of ~10mV.

The operational amplifier integralor improves linearity of
this” circuit over that of Figure 3 by holding the output of

Ry
v
10041}
Ve
Ay FULL I
SCALE TAM ¥ 9
P ey 1 .
7 I
B CUS Y XR4181 =
Wy ] (] WA
.18 [ R 21
o " . A
- :,: oxn ]L:"go'::',
1 1
Figure 4. Precision Voltage-to-Frequency Converter
!

the source, Pin 1, at a constant OV. Therefore, the linearity
fi1or due to the current source output conductance is elim-
inasted. The dlode connected around the op-amp prevents
the voltage at pin 7 of the XR-415] from going below 0.
Use a low-leakage diode here, since any leakage will degrade
‘hc. accuracy.  This circuit can be operated from a single
bositive supply if an XR-3403 ground-sensing op-amp is used
o the integrator. In this case, the diode can be left out.
Note that even though the circuit itself will operate from a

single supply, the input vollage is necessarily negative. For
operation above 10kHz, bypass pin 6 of the XR4151 with
O1uF.

FREQUENCY -TO-YOLTAGE CONVERSION

The XR-4151 can be used as a frequency-to-voltage converter.
Figure S shows the single-supply FVC configuration. With
no signal applied, the resistor blas networks tied to ping 6
and 7 hold the input comparator in the off state. A negative
going pulse applied to pin 6 (or positive pulse to pin 7) will
cause the comparator to fire the one-shot. For proper opera-
tion, the pulss width must be less than the period of the one-
shot, T = 1.1 Rg Cg. For a 5V p-p square-wave input the
differentiator network formed by the input coupling capacitor
and the resistor bias network will provide pulses which cor-
rectly trigger the one-shot. An extemnal voltage comparator
can be used to *“square-up” sinusoidal input signals before
they are applied to the XR-4151. Also, the component values
for the input signal differentiator and bias network can be
altered to'accommodate square waves with different ampli-
tudes and frequencies. The passive integrator network Rp
Cp filters the current pulses from the pin 1 output. For
less output ripple, increase the value of Cp.
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Figure 5. Frequency-to-Voltage Converter

For increased accuracy and linearity, use an operational amp-
lifier integrator as shown in Figure 6, the precision FVC con-
figuration. Trim the offset to give -10mV out with 10Hz
in and trim the full scale adjust for -10V out with 10kHz in.
Input signal conditioning for thjs circuit is necessary just as
for the single supply modé and the scale factor can be pro-
grammed by the choice of component valies. A tradeoff
exists between the amount of output ripple and the re-
sponse time, through the choice of integration capacitor
Cp. If Cy = 0.1pf the ripple will be about 100mV. Response
time constant 7R = Rp C[. For Rp = 100k and Cy'= 0. 14f,
TR = [ Omsec.

PRECAUTIONS

1. The voltage applled to comparator Input pins 6 and 7
should not be allowed to go below ground by more than
0.3 volt.

2, Pins 3 and 5 are open-collector outputs. Shorts between
these pins and +V Qe can cause overheating and eventual
destruction.

3. Reference voltage terminal pin 2 is connected to the
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Figure 6. Precision Frequency-to-Voltage Converter

emitter of an NPN transistor and is held at approximately
1.9 volts. This terminal should be protected from acci-
dental shorts to ground or supply voltages. Permanent
damage may occur if the current in pin 2 exceeds SmA.

4. Avoid stray coupling between pins § and 7} it could cause

false triggering. For the circuit of Figure 3, bypass pin 7
to ground with at least 0.01uf. This is necessary for op-
eration above 10kHz. :

PROGRAMMING THE XR-4151

The XR-4151 can be programmed to operate with a full scale
frequency anywhere from 1.0Hz to 100kHz.. In the case of
the VFC configuration, nearly any full scale input voltage
from 1.0V and up can be tolerated if proper scaling is em-
ployed. Here is how to determine component values for any
desired full scale frequency. e

1.

Sct Rg = 14k§2 or use a 12k resistor and 5k pot as shown
in the figures. (The only exception to this is Figure 4.)

Set T= 1.1 RgCq = 0.75( 1/fo] where fo is the desired
full scale frequency. For optimum performance make
6.8kl <RG< 680k and 0.001uf <Cqg< 1.0uf.

a) For the circuit of Figure 3 make Cp = 1072 [1/fo]
Farads.

Smaller values of Cg will give a faster response time,
but will also increase the frequency offset and non-
linearity.

b) For the active integrator circuit make
Cr=5X10"% [1/fo] Farads.

The op-amp integrator must have a dew rate of at
least 135 X 107¢ [1/C]] volts per second where the
value of Cy is in Farads.

4.

)

DES
L

4. Rp = 10V/100uA = 100k2.

1L

2. T=0.75 [1/1] = 0.75 scc.

3.C1=5X10"% [1/1)F = 50uf.

4. Rp = 100kS2.

1. Design a single supply FVC to operate with a supp
voltage of 9V and full scale input frequency fo = 83
The output voltage must reach at least 0.63 of its fin
value in 200msec. Determine the output ripple.

1. Set Rg = 14.0k02_
?. T=0.75[1/83.3] = 9usec

a) For the circuit of Figure 4 Leep the values b -
and Rg as shown and use an input -attenuat
give the desired full scale input voltage.

- s

node) cap be used as a current input with the fuf §2
input current 110 = ~100uA, -

For the FVC's, pick the value of Cp or CJ to give u;e
mum tradeoff between the response time and ompu"f
ple for the particular application.

IGN EXAMPLE

Design a precision VFC (from Figure 5) with fo = 10agts
and Vio = -10V,

1. Set Rg = 14.0kQ2
2. T=0.75[1/10%] = 7.5usec
Let Rg = 6.8k$2 and Cg = 0.001uf.
3.Cr=5X107% [1/10%) = 500pf.
Op-amp slew ra,e must be at least

SR =135 X 107 [1/500pf] = 0.27V/usec

Design a precision VFC with¥o = 1Hz and Vjo =

3,

1. Let Rg = 14.0kQ .

Let Rg = 680k2 and Cg = 1.0uf.

3

]

Let Rg = 82k and Cg = 0.1ul.

3. Since this FVC must operate from 8.0V, we shalf

4. RB = 5V/100uA = 50xQ2.

5. Output response time constant is TRS 200msec ‘;

make the full scale output voltage at pin 6 equal
to 5.0V,

Therefore-
CB<TR/RB=(200X 1072) /(50 X 10°) = 4
Worst casc ripple voltage is:

VR =(9mS X 135uA) [ 4uf = 304mV,
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General Descrlptlon we L e T
The ADCOBO1 “ADC0802, ADC0803, ADCO0804 “and M leferenual analog voltage lﬂputs 5
ADCO0B05 are CMOS 8-bit successive approximation A/D u Loglc inputs and outputs meet both MOS and TTL volt-
converters that use a differential potentiometric ladder— age level specifications ., .. .
similar to the 256R products. These converters are de- u Works with 2.5V (LM336) voltage reference

signed to allow operation with the NSC800 and INS8080A g On-chtp clock generator

derivative control bus with TRI-STATE® output latches di-
rectly driving the data bus. These A/Ds appear like memory
locations or 1/0 ports to the microprocessor and no inter- _
facing logic is needed.

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

m 0V.to 5V analog input voltage range with single 5V
~ ~ supply
m No zero adjust required
m 0.3" standard width 20-pin DIP package
® 20-pin molded chip carrier or small outline package
= Operates ratiometrically or with 5 Vpg, 2.5 Vpg, or ana-
--+ log span adjusted voltage reference

= ... Key Specifications
Features \ ' m Resolution 8 bits
m Compatible with 8080 pP derivatives—np mterfacmg ™" m Total i@ +1, LSB, £% LSB and +1 LSB
logic needed - access time - 135 ns N } m Conversion time 100 ps
] Easy interface to all microprocessors,”‘or operates -
“stand alone™ . R B S S T

Typical Applications
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iy
x4
c ! N
Other Input and Outputs...--;._ —0. 3V to (Voc+0 sv) b nn
- Temp (Soldenng, 10 seconds) ! Uil

| B " ADCO801/02/03/04LCJ_ 40°C<Tp< +85°C
- . Package (plastic , 2600 20 A
D“a', :2 ‘;,:: pac,gage Eﬁera,'m)c) mm T oG ‘===~ ~ADC0801/02/03/05LCN --—«‘f.— —‘—40’CsTAs +85'G—
g Dual- : 0“ADCOBOLON: 1o Fagt 'S’ (2 0°C<Tp< +70°C

Suface Mount Package ‘ - ADC0802/03/04LCY

. o 0°C<TA<+70°C_
-vapor Phase (60 seconds) ~- --—-~-- - - 215 C—-----r " ABGO802703/04LCWM

o 5 naog 0CETASH70°C”
Infered (18 seconds). .. 220°C. " Rang of Vg e e e A5 Vi 1063V56.-
dw w2 LS

] lectncal Characterlsucs ——ind Rl
fhe following specifications apply for Vcc-5 Voo, TMINSTASTmax and foik= 640 kHz unless otherwnse specified.™ =~~~

Parameter : Conditions .| Typ Max i* | Units

C0801: Total Adjusted Error (Note 8)" ~ |~ With Full-Scale Adj. ~ e doee vty VOl (em

A (See Section 2.5.2) RN i,./‘ : LS8
DC0802: Total Unadjusted Error (Note 8)- | Vggp/2=2500Vpg - "~~~ | -~ T LSB--

0803: Total Adjusted Eror(Note8) .| WithFull-Scale Adj... . | LSB
e e e et e o 2| .. (S@8 Section 2.5.2) : - i

000804 Total Unadjusted Error (Note8) :| Vggr/2=2.500 Vpc *¢ T¢l : ¢ "LsB
£0805: Total Unadjusted Error (Note 8)-- - Vrer/2-No Connection -~ [ 4o oo - LSB---
ReF/2 lnput Resistance (Pin9) ... ... /|. ADC0801/02/03/05... ... : _’f::_i_ KA

' ADC0804 (Note 9) Chdded i | ke

Analog Input Voltage Range {Note 4) V(+) or V(=)' = e V¢é+0 05 Voe

DC Common-Mode Error. . .. . . . Over Analog Input Voltage.__, / i Tt o :t‘/;,’ - LS8
, - ' Range RISV ONIRY I8N RECARTE

Power Supply Sensmv:ty Y 4. Vee=5 Vpg £10% Over . _ LSB

- cm e e Allowed V|n(+) and Vin{(— ) R
. ” Voltage Range (Note 4)
_ AC Electrlcal Characteristics - _ « 74 - -
The followmg specifications apply for Veg=5 Voc and Ta=25C imless otherwise specified.-~---- ~ - - e - .
Symbol |- --- . --Parameter----- : --_Conditiong - -~ - [~ Min- |~ Typ: -|-- Max~-|-- Units -
Ec - - ConversionTime .. .. ... ...... | fok=640kHz(Note6). .. |...103...[ ... .. [..114=] “us
F T Conversion Time (Note 5, 6) £ “ 66 --73 1/foLk
! foLk Clock Frequency Veg=5V, (Note 5) _ 100 640 1460 kHz
. Clock Duty Cycle (Note 5) . .40 : 60 %
CR_ Conversion Rate in Free- Runnmg INTR tied to WR with 8770 |- 9708 | conv/s
- ..|. Mode e - C5=0Vpc, fok=640kHz. |..~=.. | ... .. | .- .
WiwRL Width of WR Input (Start Pulse Wldth) TS=0 Vpg (Note 7) 100 e ’ ns
tacc Access Time (Delay from Falling  ~:| Cy=100pF - - .o 135 200 ns
Edge of RD to Output Data Valid) P .

Y4, oy TRI-STATE Control (Delay C_ =10pF, R =10k~ -+ | - ~ 125 200 ns
from Rising Edge of RD to " (See TRI-STATE Test * B
Hi-Z State) Circuits)~ ,

twi tRy Delay from Falling Edge . ‘ 300 450 ns
of WR or RD to Reset of INTR .

Ciy Input Capacitance of Logic™ ~ L. s 5 7.5 pF
Control Inputs : ' e o

Cout TRI-STATE Output ; DA 5 75 -|.. pF
Capacitance (Data Buffers) - - - .

CONTROL INPUTS [Note: CLK IN (Pin 4) is the mput of a Schmitt tngger cxrcu;t and is therefore specmed separately]

VIN(1) | Logical “1" Input Voltage * . | Vec=5.25Vpec . '2 0 o 15 Vpe

" | (ExceptPin 4 CLKIN) Co ) S A I PR N

§08000aV/¥0800QV/ SOSOOGV/.ZOSOOGV[ 10800av
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AC Electrical Characteristics (continued) :
The following specifications apply for Vcc = 5Vpé and Tmin € Ta < Tuax. unless otherwise specified.
Symbol | Parameter ' - | " 7 " Conditions l Min l Typ | Max I Units
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of & Schmitt trigger circuit and is therefore specified separately]
Vin (0) Logical “0" Input Voltage "' | . Vco=4.75 Vpg o 0.8 Vbe
(Except Pin 4 CLK IN) )
N (1) Logical “1” Input Current VIN=5 Vpe 0.005 1 rApg
(Al Inputs) ’ ‘
Iin (0) Logical “0" Input Current * VIN=0Vpc -1 —0.005 mApe |
(All Inputs) : !
CLOCK IN AND CLOCK R
- 1
Vi+ CLK IN (Pin 4) Positive Going 2.7 3.1 3.5 Voc
Threshold Voltage :
Vi~ .. | ..CLKIN (Pin 4) Negative m— 1.5 1.8 .24 Voo
*Going Threshold Voltage " B T ‘
Vi . CLKIN (Pin 4) Hysteresis | ‘ 0.6 1.3 20 Voo i
e Y I A RN . .
Vout (0) |-"Logical “0” CLK R Output lo=360 pA- i e 0.4 Voe
: H "Voltage Vec=4.75Vpo . d
Vo (1) | "Logicél "1 CLK R Output lo=~360pA .~ ' 2.4 Voc
- i Voltage - ot e | Vec=475 Voo N — -
~ DATA OUTPUTS AND INTR . o AT o N - —
.Vour(0) | . Logical "0” Output Yougded LN Y0 E i) ) : :
. '_‘ DataOutpuls N ; oy loyT=1.6 MA, Vo =4.75 Vpg L 04 { Vo 1
= TR Ooatput =77 7 ° IoUT=1.0mA, Vcc=4.75 Vpc 04 | Voo {#
Vout (1) .| . Logical 1" Output Voltage | _lg=~—860 pA, Vcg=4.75 Vpc 2.4 :
Vout(1) | ‘Logical “1” Output Voltage ‘lo= '—~1o [tA, VoG =4.75 Vpg 4.5
lou ! TRI-STATE Disabled Output - | -Vour=0Vpciac=fis:: || =3
7T T T Leakage (Al Data Buters)T T “\IOLﬁ-='5 Vpoo T A\ | P o B 3
IsouRcE f4 #1 | VourShottoGnd, Ta=25'C” | "45 |~ 6 -
~=IgINK T | e R e e “‘VOUTShOMOVcc:TA 25°C ~-| ~9.0 |~ 16 R
* POWER SUPPLY -} " oiefom it e o s 2 AR
"'lé‘({;:;'“’f' - Supply Current‘(lncludes 'u T  tolk=640 kFlz" LT T
'*“f:,“;"“‘—‘;“ Ladder Currenl?* 3 ~"VRer/2= NC TA D
;;:.’h . 4 ‘4{.; e andc-s- : .
A e -—Aocoao1/02/03/o4LCJ/05 G| &) : =14 1.8
2wacd | UADGOBOALON/LCV/LCWM - | 1 T s g 25

- Note 1: Absolute Maximum Ratings Indicata fimits beyond which damage to the devlce may occur DC and AC elec!rlcal speclﬁcatlons do not apply when OPW“"' £ ‘:
__the device beyond ns spocllled operatmg eondmon? e PR

' Nole 4: For V,N( )2 V,N(+) the dngual output code will be 0000 0000 ;Two og-chip dnodes are lled to each analog input (see block dlagram) whlch wlll lorwld »'
f conduct for analog Input voltages one ‘diode drop below ground oc one, d' ode drop greater than the Vg supply. Be careful, during testing at low Vcc lovels (4.5Vh 5
| as high level analog lnpuls (5V) can cause this lnpui diode to conduc‘l-—especlally at elevated temperatures. and cause errors for analog inputs near full-scale. The
..~spec allows 50 mV forward bias of either diode. .Thls means that as long as the 'én'alog Vin does not axceed the supply voltage by more than 50 mV, the

( code will be corééLTo achleve ﬁn absolule 0Vpcto 5i Voc lnput voltage. range will therelore  require a minimum supply voltage ol 4. 950 Voc over temP“""'

.Lvarlauons initial tolerance and loadlng - AR ‘ N G taeei e
i
!
4

e "
Nole 5 Accumcyj; guaranleéd“t lcu< =640 kHz At hlglﬁ clock lrequencles aeeuracy can'degrade For lower ¢ clqelr'freque

extended so long ds the minimiim clock high time interval or minimum clock low time lnlerval is no Jass than 275"ns. X i, . s
l i

t
Note 6: Wlth an asynchronous start pulse. up to 8 clock penods may. be requlred belore the’ Inlemal clock phases ate proper to start the converslon Pf°°°”‘ -1
start request is internally latched see F'/gurezand section 2.0. ' RIK L hahos _sl a2 8T J - Lv s

.. Note 7: The TS input is assumed to breckal the Wﬁ strobe input and therelore ) timing is dependent on the Wa p pulse width., An arbltranly wide pulse wldlh "’ﬂ e
{ “the converter ln 2 resel mode apd the stan el gqnvorslon is lnmaled by lhe low to hlgh transltlon ol the WF] pulse (see tlmmg dlagrams) Ve oY ud

thev! : Nont ol t(lgese AIDs l'eqmres a ze{o adllist (see secbon 2 . To ob_tam zero code at olher analog lnput voltagesl 3ee section 2.5 and F'lgm’ F5. Wil

u?ﬂ 9 The'VRE;IZ pin ls the center Pomt ol a two resistor dhnder cenr;e'cied ‘lrom Voc o ground Each reélslor ls 2. 2k, except lor the ADCOBO4LCJ Whe"
..-.reslslor ls -16k. Total ladder lnput resistance is.the sum of the two equal resistors FBURIRE bvbed R
" Note 10- Human body pF dlscharged

'.:._.«:v ..4‘!' =23
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Ya Effect of Unadj sted Offset Error
% ¢ ys, VREfF/2 Voltage
1% T rrr—
¥ 1‘ Vin(H) = Vigl-1=ov,  +H
" ASSUMES Vg * 2mV. 14
Dy . 1 THIS SHOWS THE NEED
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