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222 ﬂﬁ;ﬁuﬁffﬂﬂ«m‘luiﬂsﬂauimmna{m:qn MCS-51
Lﬁmmnamﬁuﬁﬁmm”luimﬂﬂu'Imsmataiseiaxmaﬁfuﬁmmmmsnﬁamnﬁuﬁu
ponlilunvazidoatindes defussvedrsfuved ATsocs: veiim Ame  Fudy
Ty TnsnouInsameivun 8 da Safinuauniadgei
o ivisheanud ldsunsumuuuasy (Flesh Memory) 119 8 Alalud
o Hnennusuii EEPROM a2 Alalud (k byte)
o undsniinnszuaassnne s Tad (hanlurig 4-6 Trad)
. ﬁ‘mu'lé’é’aﬂﬁ’ﬂgigmuﬁmvffqufi 0-24 NNIFTN (MHz)
o fimiwnnudfeya (RAM) vun 256 Tud (byte)
o iinosn 32 wesmdaszannyahtaluszduiald
o Tlnwed /mumesuina 16 Oa Manun 3 M
¢ sofumsdumeiTudld s unas
o aunsofomsdoyauuusyniul&1s UART Channel
mytanveslilnsnouinsanodnszga Mcs-s1
TuTnsnenInsoweiluaszga Mcs- 51 il Tasandrevoamsiadsaniinge o fu 14
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55 P14ds 36 [1P0.3 (AD3)
(MOSHh P1.5T16 35 [1P0.4 (AD4)
{(MISO}P1G 7 34 [1P0.5 (ADS5)
(SCK)P1.7[}8 33 [1PD.6 (AD6)
RST19 32 [1P0.7 (ADT)
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; (RB)y P2.7 17 24 F1P2.3 (A1)
XTAL2 []18 251P2.2 (A10)
XTAL1[]19 22[1P2.1 (A9}
GND 120 21 [IP2.0 (A8)
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2.4 1osilfuaal DC o-12v

it 2.13 29vsfuan i e 012 v

2.4.1 gaieniifvesnsesitivaaldd nc o-12v
1 1duwdenie v 12-15 Toaddd

2. annsadfuussdueing’ld o-12 Trad
3.amrenionssua ldgaga 1 uowdl

4. Ugmamwe l¥aign

2.5 IC SUPER VOLTAGE CONVERTER 184 ICL76608
2.5.1 geianiiAved IC SUPER VOLTAGE CONVERTER 1189 ICL7660S
o g Qr +
LIc Miiannsautloas iy monuau18lusae 1.5 v-12 vihueniynd 1.5
fla-12v
A oy
2. gaily 1c Aflgainings
2.5.2 M3dau

ICL7660S (PDIP, SOIC)
TOP VIEW

oost [f] 8] ve
cap+ [2] 7] oscC
GND [3] 6] v
CAP. [4] 5] Vour

30 2.14 m33aE 5991904 IC SUPER VOLTAGE CONVERTER 1184 ICL7660S
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2.5,3 fhsdanaImaiinu

+6V LOGIC SUPPLY
§
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TTL DATA 16 Wi L
wPUT 7 p 4 -
. . RS232
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\/ 16 QUTPUT By
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2.6 Nqu{ MATLAB

MATLABSE I Tt unsufisonuuyunie lddmiumsdnnannadamans Tasanie
dm%’mmmqﬁm?mmmam%’uaﬁmnssumm%"lﬂsm?uﬁumumﬁﬁammmiﬂszmm
MATLAB szoglugilvosuming Sefiluiuwesde Tusunsuday nd1ifle MATLAB lufnde
veafoadilumudingufio MATrix  LABoratory
Tumsdarmednlassandlozdusegnd 1o Tulsunsu MATLAB dmiumsiSouingui
maguiedsvosdy oo

ﬁﬂgtmmsﬁmﬁ’ﬂ'iui’luﬁ’tywammﬁamlﬁzsnnﬂﬁaﬁﬁﬂ'ﬂmaﬁuau iduudaslinu
nm dnfulumsdedyaraudorinsosdygaudoaisainen Sesuiufinndessdoniy
dyspauduhlinssumsgudetudewio Wddudyspaiiisfantamem nvi
hmﬁﬂmpmﬁﬂﬂ‘%‘wﬁ"lﬁ’uﬁazmm’ﬂa'lﬂrhuﬂszmummaau'ln«n?(quantization)nﬁa“lﬁ"lﬁ'
dygnadiid@afaniaeundgn dousziir s (binary encoding) Huduayluni? ounz

Audrduetl inminssuvesrnsnlasdygadssiludygaudtaoaiiudd
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5.6, 1mIovazifinded lWdifdusduMATLASB

=1 (;) A Q o 1] W
TuTalsunsu MATLAB 3184 wavread A1¥dmTuen Indideq (wav) idarnifu3lud

wlsnmweidmuaiieiilvilsznanade ) sluuums Moudhdilavaezdeilie
>> y = wavread (FILE);

snd1o6 1991918 IdiFoadie VOICE SAMPLE wav eglusidadad uasdosmss
Wdgandn Winisdedio il

>>y = wavread ("VOICE_SAMPLE.wav’);

susfigavosdygnandodlulddes idfumsussgaslunmassy Tasiimusunisa
marfioydnnatud -1,1] maunsogaldygnaduifiogly nddend 1218 Tnoldddaded
>> plot(y);
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>> wavplay (y);

°lumsseimﬁm1§ms1mmmﬁmuﬂmmﬁﬂunmdu"lﬁ'mm’fmms foeeldidoaduld
gqatuniidnduiedudnadila wireuduindndudemnudedasimsqudaegiaSampling
rate) ¥09 IHlAt@sadanarafon msarmyqugnimualudunoumssado Jalaeialims 4
6’ns1msqfumﬂi‘j¥uwiﬂﬂ ammw«umé‘t’tyiymLﬁaaﬁ"ﬁﬁuﬁﬂwﬁa‘ifmmz‘lﬂé’sﬁmnﬁ’nﬁi@mmnﬁm
Auathnnniy min'lﬁﬁmmuwjm"lﬂﬁ'ﬁmsmﬁmﬁwﬁmﬁwmimji‘?uﬁ’w
msannsdudeteansosn 1dnn Wdidus Tneldmdaieluil

>> [y fs] =wavread (*“VOICE_sample.wav’);

o

wah WdnoR s y asussquoundyavesdyd eudes luvasiidnls & wvondam
sanmsduassdygnadmivdiedn dmdasnmsguiiiy

E
Fs = 11,025 Afasivn

] o
vinmdasinsdun ezl ldlumsaguanuieoimsaudendy 1§85

>> wavplay (y,f5*2);

3 y Q‘J & L] 3 T - [ 1 A
fdeiiumdeIiindosnaufunafidwdosdudininled 2 (1 udninldinsos
3 14
noyfwneTawiosas i ldmd el

>> wavplay (y,fs*0.5);

ﬁmsmgﬂﬁ’eg:gmtﬁm“lu;ﬂﬁwﬁ’uﬁﬂﬂ% wdtuunuxdurfadsmiedniuga
Ko 25,000 ya tiinsnindasimsduiiduriidu 11,02 afriedn uaavirdyanondoeil
tufinoglu Idfiszeznanviify 25,00011,025 = 2.27 3ut#t Tunsdifsusemniyfonduiu

Wi
sz weuFsifioond Insfosduasnianildemaonion 1.13 Surit Tumandudy

o] Yo { & & 1 "
Wl Msaannud vosmsmmFsnduszszna e i Id R uumudadufisue
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Talsunsu MATLAB suansefiezindosdamiisdoimsuazveduilesiivimsdade
wadhiIdlunouune188nd10 naunsofimusisvosdmgs y ssm Ids ududoaiiy
PN mrensased I iudausu uastai N Tao 98 dased

>>x = y(5000:1000);

>>wavwrite(x,fs,"VOICE _sample2.wav’);

2.6.2 mahidvusuiila
rowdulfe 1 Ilddyanandos VOICE sample 2wav sufu Bludamts x oinehy
Aorandosdandndredun wuiiles so uwillaTas i d el
>>[x,fs] =wavread (‘VOICE sample2 *);
>>gubplot (2,1,1);
>>plot(x(4000:4049));
>>subplot(2,1,2);

>> stem(x(4000:4049));
o4
vz lnadagl

nd
g

Er
(£
fAK |

0 3 0 g W i 550
04 . e e e
n

n
0z .

i

o | 5 1 ! e i 3 X, Al 4% At

21 7ptfygnandsiimumsdunsudia



20

ar d o 1 o ) | '
Fanagidoygnaitldnndida plot axlinuaszdaiites uvaeilgdyanai dnndids
stem 97 IHamsuaraslugilvesdompafania

Tudrdude ez idyenaudostudaunls x Wrnnszuaunsduusualae Tansey
nnémamwm‘i’lnnﬂﬁﬂ?ﬁﬁﬁﬁ Tavsdsda' i

>>L = length(x);

>>n = 1:2:L;

>>y = x(n);

ihdggnaudeduntuiudunly x "Imﬁﬂuﬁu';ﬁyimmsﬁm y Taverfoqadidanie il

>> subplot (2,1,1);
>>stem(x(4000:4049)); '
> subplot(2,1,2)§
>> stem(y(2000:2024));
o e o o
Wodwin 1A usiife
0.4
T2
o.
- ".-‘:
o4 : : i —
0 4 L 1 I O -

oz
1]

od

2. 1830dyanandusduntiuluduls xvusudygneudes y
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3.1 nesulnadganaueindeniludyanaddaen (a/mp)
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332493 DUAL LOW -VOLTAGE POWER AMPLIFIER (ue§ TDA2822M
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2.4 Norllnnouinsaes
TavlAidenidrees luTnsaouTnieosdrdegal veuiim BTT {u ET-BASES v2.0

FuyoialTasnouInsmeslunszna MCSS1 4419 40 Pin Fadion1dluTasneu Tnsmofiued
ATSCSIED? W04 ATMEL iihu MCU dszundalay Mcy i“f:%”‘“"!ﬂsin1u°luﬁ’aﬁ'«m
pIP40 lau mcuiilesiigadudie Foavesmmntalumssznianademunsoiny i
AMIAGIAA 60MHZ f12Clock /1 Machine Cycle uanmnﬁyﬁaﬁmwsﬁﬂuw%nﬁwqﬂnsa{ﬁm
Q’Jﬂ?ﬂf"{uﬁmﬁhﬂﬂﬁﬁ"ltﬂuﬁﬁnn“l%’a1u lihaufumioanudwesdoya wun  EEPROM
¥u1¢ 2 Kbytes iomiraanudi 1 $auuuy RaM #sdinnds 1792 Byte aauludrwivesgainael
Peripheral &uﬁﬁu*jmsut’u‘mmumnﬁmsﬁ1'11}115zqne‘f“l%’umﬁmﬁum*smuqmmzﬂssmawa
An 1ddlunded Taoezilia SPI, UART, Watchdog, Timer/Counter, PWM a1 Tagnsnonia;
Ifmﬁ%'wuama‘f’nfumﬁ'm?ﬂwmmawas"ﬂiﬁﬁmmmﬁmﬁa"lﬁq’"rmiamﬁﬁﬂﬁﬂﬁzqﬂm%’

Ny gazazadnaan s wew Talsunsy

pucidveavein
1donld MCU aszga MCSs1 wod ATS9CS1ED2 489 ATMEL 1ifu McU sedueda

' 24 - . ' &
Tnufenldundeauiladygaui®muuy Osciltator Module M1 294912 MH: F9819150
fnuamafinees MCU TdhemluTnuaanuda 2 wh X2 Mode) 1§ H1l¥ausa
tininanadisminniigeged 58,9824 MHz Tasnuierifidugves MU 'Tdud

- imeas Flash dmiulowTsunsnving 64KByte
- 3 EEPROM 9119 2KByte dm$ufiudoya uaz aunsadondn 1dndr 1 duade
- iNasa Vo w1a 8 fin $1171 4 wesh (P0,P1P2 uay P3)
-1 RAM M1y 1792 Byte ifisanadoms1$ay

- Twwsdemsoynsu UART $1ou 1 wodn uaziiaessoms serdiuau 1 weda
- 12993 Timer/Counter ¥4 16 i $11471 3 9@
- T4y Watchdog, Power-ON Reset, Capture/Compare ,PWM

- Tiwedadomsoynsuiny RS232 $17u 1 904 d 3 mSs Download Thinsy
Whiuesa unsrlssyndldemtal

| -ﬁifnﬁﬂﬁ’tyfmm /O 4 TTL UL Header Y910 2x5 314U 4 4@ (PO,P1,P2 1Ay P3)

-1l LED uanagousunasiio Power ung Self-Test dmiuIdnageunsiosetueia
“Wundesiolrune +svpe
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d e
- 911@ PCB Size 1Q1fHWEI 8 x 6 cm.

inssad1avesa ET-BASES1 V2.0 (ATS9CS1ED2)

« vianBiay 1o Srvaumdesio idsseesveaveda Ifumadensldage +svDe
* Yizenaw 2 Ao PORT-P2, PORT-PO, PORT-P1 L&y PORT-P3 enudiay

* W BtaY 3 A MCU (18 ATR9CSIED2 #afhy MCU ATZNA MCS51 910 ATMEL
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Tne1¥ T sungun 1 assembly Tumadeu Tsunsunniuth lineaou Tavld

Data_in
Porill RDY
Portl RD
Poril_INT
Portl CS

Hyper Terminal lumsudaaina

EQU P2

EQU P32
EQU P33
EQU P34
EQU P3.5

ORG

JMP

ORG
Start:

MOV

CALL

CALL

0000H
Start
0100H

SP.#2FH
Initial_Serial

DELAY_250M

MAIN LOOP:CLR A

CALL
CALL
CALL
CALL

LOOP: CLR
MOV
ANL
CLR

LOOP
DELAY_50M
SEND_2HEX
DELAY_1SEC
MAIN_LOOP

Port] CS
A#11110110B
P3A
Portl_RD



NOP

MOV P3#11110001B
MOV A,Data_in
MOV P3#11111111B
RET

SINCLUDE "Serial.Sub”
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- § PorvI €3 QU P3.8
Ttestazmeem | 52
7 ORB ooy
1 @ i Seart
B R o098
12 Jvere:
fIRES Hov 82, §2FH 1
sz CALL Tnitial_Serial
12 CALL DELLE 2E0K
i
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18 CALL nooy
17 TALL DELAY_SOK
18 CALL AEND ZHEX
19 €iLL PELAY 1SEC
1 zo Jar ELIR_LOOP
ZL
=
B LOOP: LR Porel CS
24 Lo A,#111101308
£ ANL PI,A
z€ coLe Porey Rp
[ o
| 28 xoV P3, #111100018
o anC] e
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Warning: No end statement found,
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MARUIN D

JsunINAILAN A/D oz D/A

EQU P2
EQU P32
EQU P33
EQU P34
EQU P35

MOV

0000H
Start .

0100H

SP,#2FH

CALL Initial Serial

CALL DELAY 250M

ll? P:

MOV

CLR
MOV
ANL
CLR
Nop
Mov

in_Loop:CALL LOOP

PLA

Main_Loop
Portl CS
A#11110110B
P3,A

Portl RD

P3,#11110001B
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RET

MOV  A,Data_in
MOV  P3,#11111111B

$INCLUDE "Serial.Sub"

EQU P2
EQU P32
EQU P33
EQU P34
EQU P35

Mov

QO00H
Start
0100H

SP.#2FH

CALL Initial Serial
CALL DELAY 250M

RR
RR
RR
RR
Mov

_Loop:CALL LOOP

A
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RET

Main_Loop
Portl CS
A#1111G110B
P3.A
Portl_RD

P3,#11110001B

A Data_in

P3#11111111B

$INCLUDE "Serial.Sub"

gaunsuaensvianuuaiuiindia

ata_in EQU P2
ol RDY  EQU P32
ortl_RD EQU P33
ortl_INT EQU P34
ott]_CS EQU P35
ORG 0000H
JMP  Start
ORG 0100H
- Start:
MOV SP#2FH

CALL Initial_Serial

62



CALL DELAY 250M

gin_Loop:CALL LOGP

RI A
RI. A
RL A
RL A
MOV PLA

JMP  Main_Loop
O0P: CLR  Portl CS

MOV  A#11110110B
ANL P3A

CLR  Portl RD

NOP

MOV  P3#11110001B
MOV  AData_in
MOV  P3#11111111B

SINCLUDE  "Serial.Sub"

Serial.Sub"

e e ke o o o s ok o s o oo o oo ok o el ok s ok e st ke v e e

All Delay for XTAL 18.432MHz 12CH/MC



‘#****#***#************** LT 3ok ke skt ok ok

:DELAYM_4SEC: PUSH 07H ; Delay 80*50MilliSec
MOV  R7#80 ; =4000MilliSec
JMP _DELAY 50M

'DELAY_2SEC: PUSH 07H  ; Delay 40*50MilliSec
MOV R7,#40 ; =2000MilliSec
JMP _DELAY 50M

IDELAY ISEC: PUSH 07H  ; Delay 20%50MilliSec
MOV R7#20 ; = 1000MilliSec
IMP _DELAY 50M

DELAY_500M: PUSH O7TH ; Delay 10*S0MiliiSec
MOV  R7,#10 ; = 500MilliSec
JMP _DELAY S0M

ELAY _250M: PUSH 07H  ; Delay 5*50 MilliSec
MOV R7#5 ; =250 MilliSec
JMP _DELAY 50M

ELAY 150M: PUSH O7H  ; Delay 5*50 MilliSec
MOV R7#3 ; =150 MilliSec
JMP _DELAY 50M

IDELAY _100M: PUSH O7H  ; Delay 2*50 MilliScc
MOV R7#2 ; =100 MilliSec
IMP _DELAY_50M

64



MOV
JMP

R e

AY 50M:

PUSH 07H  ; Delay 1*50 MilliSec
R7.#1 ; =50 MilliSec
_DFELAY 50M

LAY 50M: PUSH Acc

PUSH B
LAY 050M: MOV B#200 ; Delay 50 MilliSec
LAY 250U: MOV  A#191 ; IMC 250 uSec
DINZ Acc,$ ;2MC (192-1)*0.651*2
DINZ B, DELAY_ 250U ; 250%200=50mS
DINZ B, DELAY_ 250U ; 50*5 =250mS
DINZ R7, DELAY_050M ; 50*5 =250mS -
POP B
POP  Acc
POP O7H
RET
o= Inritial Serial Port s=—=——=====
al_Serial. MOV TMOD,#00100001B ; TIM2 TOM1
MOV  SCON #01010000B ; Seriai Model
MOV THI#0FBH ;9600 FDH@I11.0592MHz
MOV A #00H ; FBH@18.432MHz
MOV PCON,A ; SMOD =0
CIR EA ; Disable All
SETB TRI ; Start Timerl
RET

Send Data to Serial Port =——e——eae

»

= 250 uSec
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D 2HEX: PUSH Acc
SWAP A
CALL SEND_IHEX
POP  Acc

frsEND_IHEX: PUSH DPH

PUSH DPL

MOV DPTR,#HEXASC_TAB
ANL.  A#OFH

MOVC A,@A+DPTR

POP  DPL

POP DPH

END_ASCI: PUSH IE

CLR ES
CLR TI
MOV SBUF,A
IJNB TL%
CIR TI
POP IE
RET
;_HEXASC__TAB: DB '0123456789ABCDEF
======Send Line Feed s

-Send_LincFeed: MOV~ A, #0DH

CALL Send_ASCH
MOV  A#0AH
CALL Send ASCII
RET
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—= Send Line Feed
d ClrSer: MOV A#OCH
CALL Send ASCH
RET

Send Data Table to Serial Start@DPTR to '00H' =
| Table: CLR A

MOVC A,@QA+DPTR

JZ X _Send Table

CALL SEND_ASCH

INC DPTR

JMP  Send_Table

X_Send Table;:RET

1. xor A28 FF
Yormmmmmmmmunrecord voice
clear all

fs=8000;

y=wavrecord(3*fs,15,'uint8");

%1
for i=1:40000
yinl{i,1)=bitxor(y(i),uint8(255)); % xor with FF

end

WMASUMATLAB7TG NN amyudiassmsdnswauuuae)
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General Description

K0620 is a high speed, microprocessor com-
pit analog-to-digital converter which uses a
technigue to achieve a conversion time of
e converter has a OV to +5V analog input
uses a single +5V supply.

track-and-hold function is included, elimi-
e need for an external track-and-hold for
rates up to 100mV/us.

D easily interfaces with microprocessors by
";'r as a memory location or IO port without
B for external interfacing togic. Data outputs

d, three-state buffer circuitry to allow direct
Wtlon 1o a microprocessor data bus or system
i An over-flow output is also provided for
Bng devices to achieve higher resolution.

e ADCOB20 is pin-compatible with National
Enductor's ADCO820 and provides improved
ions. 1t is packaged in 20-pin Small Qutline,
ERDIP packages.

Applications

Digital Signal Processing
High Speed Data Acquisition
Telecommunications

High Speed Servo Loops
Audio Systems

MAXI/WV

CMOS High Speed 8-Bit A/D Converter
with Track/Hold Function

Features
4 Fast Conversion Time: 1.4us Max,
4 Built-in Track-and-Hold Function
4 No Missing Codes
& No User Adjustments Required
¢ Single +5V Supply
4 No External Clock
¢ Easy Interface Yo Microprocessors
Ordering Information
PART TEMP. RANGE  PIN-PACKAGE U{“s"é)
ADCOB20BCN 0°Cto+70°C  20PlasticDIP =12
ADCOB20CCN °Cto+70°C 20 Plastic DIP +1
ADCOB20CCID  0°PC+/0°C  Dicer +1
ADCO820BCM FCe+70°C 2080 x1p2
ADC0820CCM Cle+70°C 2080 2
ADCOB20BCJ  40°Clo+85°C 20 CERDIP =12
ADCOB20CCJ  -40°Cto+85°C 20 CERDIP +1
ADCOB20BJ 55°Clo +126°C 20 CERDIP*" 2
ADCOB2CC.) B8 Clo+125°C 20 CERDIP™ +1

*Dice are specified at T4 = +25°C.

Wh/RDY

“*Contact faclory
Functional Block Diagram  _ -Pin Configuration
Vo Top View
12
TR 18 -
~1 [ o
™ uﬁscsl
NS
- ' - ¥ 2
ar Pl ||l omee [\ osoner [ 0 Voo
w g | e s o
e TV e 08Y E5) s i (83 OFL
LLIGQI DB2[1} ADCO820 [37] DB [MSB)
< B 083 [5] ) 085
(LS8 WR/RDY (& 5] 0B5
ANAXILA MOBE {7 ] 084
ADCOB20 7D (5] ) £§
| TIMING ANG CONTROL l T 13 2] Ve
| IRCUITRY ™ 19 we BND (i8] [11] Vage-
o Iy 5 g lg g
NG woDe I T

DP/SO

XLt

Maxim Integrated Products 1

) ing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
#4642, or visit Maxim’s website at www.maxim-ic.com.
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Operating Termperature Ranges

10S High Speed 8-Bit A/D Converter
th Track/Hold Function

OLUTE MAXIMUM RATINGS

voltage, Vpe to GND ... ... OV, +10V

B! any other pins ADCOB20BC_JCC ... vocro.. RN L o (Y {0
he 1-9, T1-19) - GND - 0.3V, Vpp +0.3V ADCO820BCU/CC . ...~40°C to +85°C
Sfourrent (FIn19) ... 30mA ADCOBO20BJICY......cvcc. -B5°C o +125°C

Disstpation {Any Package) to +75°C ............ 450mw Storage Temperature Range ................. B5°C to +160°C
fe AbOVE +25°CbY ... emw/eC Lead Temperature (soidering, 10s8¢} ... VR +300°C

o5 above those listed under “Absolute Maximum Ratings" may cause permanent damags to the device. These are stress ratings only, and functional
pion of the device at these or any other conditions gbove thoge invicated in the operational sections of the specification Is not implied, Exposure to
g maximum ratings conditions for extendad periods may atfect the device reliability.

ECTRICAL CHARACTERISTICS
o= 5V, Vaeet = 5V, Vge™ 2 GND, RD-MODBE, Ta = Ty 10 Tax. unless otherwise noted)

PARAMETER | symaoL | CONDITIONS MiN, TYPR MAX, | UNITS
CURACY
8 bits
tal Unadjusted Error (Note 1) ‘:ggggggg 1:212 LSB
o Missing Codes Fesolution 8 bits
FERENCE INPUT
» Ty = +25°C 14 2.2 40
rence RESIS:BN:E Ta ® Tom 10 Thaax 128 40 k(!
¢ Input Voltage Range Vrer™ Vpg + 0.1 v
WVeee™ Input Voltage Range GND -01 Veer v
JALOG INPUT
Analog Input Voltage Range VinR GND ~ 01 Vop + 01 v
Analog Input Capacitance Cuin 45 pF
: - Tp = +25°C, 6.3
slog Input Current i Vi = OV 10 +5V Tu 10 Traax +3 A
.Blaw Hate, Tracking {Note 2) SR 0.2 01 Vs
GIC INPUTS
Input HIGH Voltage ViNH asogéﬁ RO gg v
’ CS.WR, RD 08
Input LOW Voltage Vin MODE 15 v
— Ta = +25°C 0.4
C5, AD; T 10 Twax 1
Input High Current . Ty = +25°C 0.3
on Lurren i WA Thin 10 Tanax 3 KA
_ T, = +25°C 50 150
MODE: T 10 Trax 200
put Low Current . | C8, BD. WA, MopE 1A= 2°C 03 uA
Ty 10 Tyax -1
Input Gapacitance {Note 3) Cin TS, AD, WH, MODE 5 8 pF
kaic outruTs
. DBo-DB?7, OFL INT
Output HIGH Voltage Vo Vpp = +475V lour * ~360uA 40 v
N VDD = +4.75V lout = -10uA 4.5
Output L DBY-DBY, OFL, INT, RDY
OW Voltage Vor Vop = 4TSV lgyr = 16mMA 04 v
Thfae-stai - Ty = +25°C -0.3 +0.3
e Cutput Current DBO-DBY, RDY Thn 10 Toanx 3 3 wh
Output Capacitance (Note 3) Cour | DBO-DB7 GFL, INT, RDY 5 ) pF
Output Source Current lsac | DBO-DB7, OFL, INT; Vgur = 0 -25 10 mA
1 %ot Sink Corrent lom | DBO-DB7, OFL. INT, RDY: Vour = Voo 40 15 mA

MAXIMN



CMOS High Speed A/D Converter
with Track/Hold Function

RICAL CHARACTERISTICS (continued) )
+ = +5V, Vpgs™ = GND, RD-MODE, Ta = T 10 Tiax, untess otherwise noted)
[ symeoL | CONDITIONS [ min. Ty max. [ onirs g
Voo 5% for Specified Performance 5 v 8
R TR T, = +25°C 5 10

oo CS=WA-RD=0 (A= 129C I mA 8

CE=WH=RAD=0 25 mw

PSS | Vpp = #5% +1/16 114 LS8

CHARACTERISTICS

Vper* = +5V, Vage™ = GND, T = Taw to Tiax, unless otherwise specified. See Note 2, 4.)

T, = 425°C ADCOB20BCX | ADCOS208J
METER SYMBOL CONDITIONS A ADCOS20CCX | ADCOB20CY iymiTs
MIN. TYP MAX. | MIN. MAX. | MIN. MAX,
Setup Tima tess 0 0 0 ns
Hold Time tosn 0 | ¢] 0 ns
olay tnoy €, = 50pF, R = 3K} 35 70 90 o
me (RD Mode) tonp (Note 7) 12 18 20 25 | us
Time (RD Mode) cho  forp terp tcap
1) aoco | (Note5) 10 +35 +50 ¥70 | ™
Bhslay (RD Mode) tinTH C, = S0pF 60 125 175 225 | ns
itime tow {Note 6) a0 90 120 150 | ns
versions tp 500 800 800 ns
[Width twr $00 50,000 | 600 50000 | €00 50000 ns
fcwR-RD 1.4 1.56 1.62 s
tro 600 700 700 ns
‘ACCT o < bnre 110 220 280 350 ns
1™ 100 200 260 320 hs
l|NTj_ 60O 1000 1400 1700 ng
tao > byt 30
tacce {Note 6) 60 100 1 160 ns
twer G, = 80pF 70 100 130 150 ns
gTims Atter TNT 0 0 50 65 75 | ns

Mdjusted error includes offset, full-scale and linearity errors,

% tosted at +25°C by Quality Assurance to ensure compliance,

by design.

Gontrol signals are spacifiod with 13 = { = 20ns (10% 1o 90% of +5V) and timed from & voltage level of 1.6Vv.
as the time required for an output 10 ¢ross 0.8V or 2.4 v.

88 the time raquired for the data lines to change 0.5V,

o Conversions use WR-RD Mode.




MOS High Speed A/D Converter
yith Track/Hold Function

onversion is started by taking BD low and keep-
t low untit output data appears (Figure 1). Pin 6
R/RDY) is configured as a status cutput (RDY) in
s mode, and is used with microprocessors which
8o be forced into a WAIT state. The processor
s a conversion, waits, and then reads data with
Ingle READ instruction. RDY, an open cgliector
put, goes low after the falling edge of C3 and
85 high impedance at the end of the conversion.
goes low at the end of the conversion and
urns high on the rising edge of CS or RD.

WR-RD Mode (Pin 7 High)

il the WR-RD mode, pin 6 (WR/RDY) is the WRITE
W for the converter. With_CS low, a conversion
& on the falling edge of WR. There are several
tlons for reading data:

Using the Internal Delay

.18 Processor waits for INT to go low before reading
R (Figure 2). INT typically goes low 600ns after
S Hsing edge of WR,_indicaling that the conver-

N Is complete. With CS low, DBO-DB7 are read by
e R%ow. INT is then reset on the rising edge
orRD.

Reading Before Delay

conversion time is externally controlled with RD
Qure 3). The status of INT is ignored and RD is
8N low as soon as 600ns after the rising edge of

Pin Description
NAME | FUNCTION PIN | NAME FUNCTION
Vin Anatog input; range = GND < V| = Vpp. 1 Vaee~ 1 Lower limit of reference span. Sets+the zero
pB0 | Three-state data output, bit 0 (LSB}. s code vc:ltage. Range: GND to VS“EF '
12 REF Upper limit of referenca span. Sets the Full
pBi1 Three-state data output, bit 1. Scale Input voltage. Range: Vagr™ 10 Vpp.
pB2 Three-state data ocutput, bit 2, 13 3 CHIP-SELECT inpug_ﬁ must be low for the
pBa Three-state dala output, bit 3. device to recognize WR or RD inputs
WR/RDY | WRITE controt input/READY status output, 14 DB4 | Three-state data output, bit 4.
See Digital Interface section. 15 | DB5 | Three-state data output, bit 5.
MODE | Mode salection input. This input is
internaily pulled low with a 50uA current % | DBE | Three-state data output, bit 6.
SOWCe. 17 pay Three-slate data output, bit 7 {(MSB).
AD Mode: MODE iow/open. 18 OFL | Overflow Ou . .
~ . : utput, if the analog input is greater
WR-RD Mode: MODE high. than Vaee*, OFL will be high at the end of the
ARG READ input. RD must be low 1o access data, conversion. [t can be used to cascade two Or
See Digital interface section. more devices 0 increase resolution.
INT | INTERBUPT output, INT going low indicates 19 N.C. | Test Pin. Do not connect.
the completion of a conversion. See Digital P
Interace section. 20 Voo ower supply vollage, +SV.
GND | Ground, i -
Digital Interface  WR. This completes the conversion and enables
DB0-DB7. INT goes low after the falling edge of RD
RD Mode [Pin 7 Low) and is reset on the rising edge of RD or CS.

Pipelined Operation

"Pipelined” operation is achieved by tying WR and
RBRD together (Figure 4). With C5 low, taking WR and
RD low starts a new conversion and, at the same
time, reads the result of the previous conversion.

Stand-Alone Oparation

In stand-alcne operation, CS and RD are tied low
and a conversion is initiated by pulling WR low
(Figure 5). Output data _ig valid approximately 600ns
after the rising edge of WR.

Analog Considerations

Reference Input

The Vrer(+) and Vrer{-) inputs of the converter set
the full-scale and zero input voltages. The voltage at
Vaer(-) defines the input level which produces an
output code of all zeroes, and the voltage at Vres(+)
defines the input which produces an output code of
all ones {see Figura 6). Figure 7 shows some refer-
ence configurations.

Bypassing

A 47uF electroivtic and 0.1uF ceramic capacitor shouid
be used to bypass the Vpp pin to GND. The lead
length of these capacitors should be as short as
possible. If the reference inputs (pins 11, 12) are driven
by tong lines, they aiso should be bypassed to GND
with 0.1 uF capacitors at the reference input pins.

MK
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MOS High Speed A/D Converter
ith Track/Hold Function

fthe ADCOB20 analog input behaves somewhat
Hiiferently from conventional A/D converters. The
PCO820 takes varying amounts of current from the
put depending on the operating cycle of the A/D.

Uring the input sampling phase (WR = LOW in the
HWR-RD Mode) input capacitors must be charged to
{lip input voltage through the resistance of internal
fihelog switches (about 2kl to 5k1). In addition,
ghout 12pF of stray capacitance (Cg) must be
gharged. An equivalent RC model of the input is
diown in Figure 8. The 45pF input capacitance
Rlows source resistances (Rg) of up to 1k{} to be
gred without increased settling time. For larger

tances, the width of the WR pulse must be
breased from 600ns. In the RD mode, where the
mple time is fixed, Rg greater than 1kQ may

@ settling errots. In this case, use the WR-RD
bde and greater than 800ns RD time, or use a
for to drive the analog input.

input Filtering

ADC0820's sampied data comparators generate
PUt transients at Viy. This does not degrads per-
Mance since the A/D only “looks" at the input after
transients occur. It is not necessary to fitter

| trtansients with an external capacitor at the Viy
fminal,

inherent Track-and-Haold

§® ADCOB20 can measure a variety of high speed
Ut signats without the help of an external sample-
®i-hold. The input is tracked from the time WR goes
it (in the WR-RD mode) to approximately 100ns
R¥ it returns high. Input signals with siew rates
Cally up to 200mV/us can be converted without

Maxirm Inlegrated Products Printed USA
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Figure 8. Equivalent Input Mods!
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E,C0800/DAC0802

neral Description

- DACOS00 series are monolithic 8-bit high-speed
ant-oulput digital-to-analog converters (DAC) featuring
setfling times of 100 ns. When used as a multiplying
. monotonic performance over a 40 to 1 reference cur-
nge is possible. The DACOB00 series also features
compliance complementary current outputs to allow
rentlat output voltages of 20 Vp-p with simpla resistor
as shown in Figure 1. The reference-to-full-scale cur-
matching of better than %1 LSB eliminates the need for
je ifims in most applications while the nonlinearities
tter than £0.1% over temperature minimizes system
accumulations.
Bk noise immune inputs of the DACOB00 series will accept
vols with the logic threshold pin, Vi, grounded.
ing the V¢ potential will altow direct interface to other

Epit Digital-to-Analog Converters

June 1889

The DACO800, DAC0802, DAC0800C and DACOB802C are &
diract replacement for the DAC-08, DAC-08A, DAC-08C,
and DAC-08H, respectively.

Features

B Fast settiing output currant;
® Full scale error; 11 LSB
m Nonlinearity over temperature:  £0.1%

Fult scale current drift; *10 ppm/'C

High output compliance: =10V to +18V
Complemantary current outpuis

Interface directly with TTi., CMOS, PMOS and others
2 quadrant wide range multiplying capability

Wide power supply range: +4.5V {0 18V

® Low power consumptior: 33 mW at £5V

100 ns

ering information

s families. The performance and characteristics of the % Low cost
are essenflally unchanged over the full +4.5V to
power supply range; power dissipation is only 33 mW
, £5V supplies and is independent of the logic input
pical Applications
i
DIEITAI;INPUTS s
BB m‘ L
81 62 B3 44 86 856 87 88 P4 <
g g
laur b
B
o I "asraswnu., o)
DACO80Y Vg7 YO 20 Vep
§k
35
i 3 18 13 1 2
= n.ni: __I E.-ip;._._l'. four
fnlyq il olxi
- vg o.»f“r v =
DENDSASE-1

FIGURE 1. £20 V., Output Digital-to-Analog Converter (Note 5)

Temperature Order Numbers
Range J Package (J16A) (Note 1) | N Package (N16E} (Note 1) | SO Package (M16A)
s 0'C<T,<+70°C | DACOB02LCS | DAC-08HG |DACOBO2LCN| DAC-08HP DACOBOZLCM
20.19% FS | -B5°C s T, <+125'C | DACOB0OLS | DAGC-0BQ
‘ _,’_1.' F3 0'CsT,=+70°C | DACOBOOLCS | DAC-08EQ { DACOBOOLCN| DAC-0BEP DACOBCOLCM

M Devices may be ordared by using eithar o1des numer,

Nationat Semiconductor Corporation ~ DS005686

www.national.com

siapaAuo) Bojeuy-o3-jenbiq 3g-8 Z0800vA/00800VA



. Absolute Maximum Ratings (ot 2)

Storage Temperature ~-65°C to +150'C
Y | Military/Aerospace specified devices are required, Lead Temp. {Soldering, 10 saconds)
- please contact the National Semiconductor Sates Office/ Bual-in-Line Package (plastic) 260°C
 pistributors for availability and specifications. Duak-in-Line Package (ceramic) 300°C
g sueply Voltage (V° - V") +18V or 36V Surface Mount Package
i - Vapeor Phase (60 seconds) 215°C
E power Dissipation (Note 3) 500 mwW Vapor P -
& Reference Input Differential Violtage infrared (15 seconds) 220°C
4 o V15 Vit V* . “
g- R:fveg;ce mpl)n Common-Mode Operating Conditions (ot 2)
il Range (V14, V15) Vo V* Min Max Units
: Refarence Input Current 5mA Temperature (T,)
F Logic Inputs V- to V- plus 36V DAC0800L -85 +125 ‘c
i Anatog Current Quiputs DACOB00LC 0 +70 °C
b (Ve = -15V) 4.25 mA DAC0802LC 0 +70 '
;- ESD Susceptibility (Note 4) TBD V
- Electrical Characteristics
¢ The following specifications apply for Vg = 15V, Ipee = 2 mA and TM,N £ Tx € Tyax Unless otherwise specified. Qutput char-
¥ acteristics refer to both Igyr and Tour
g“’f DACOBO2LC DACOBOOL/
£ gymbol Parameter Conditions DACOBCOLC Units
? Min Typ Max Min Typ Max
. Resolution 8 8 8 8 ) 8 Bits
i Moratonicity 8 8 8 8 8 8 Bits
: Nonlinearity 0.1 *0.19 %FS
AN Seitling Time To 12 LSB, All Bits Switched 100 136 ns
. “ON" or “OFF”, TA=25°C
& DACOS00L 100 135 ns
- DACOBO0LE 100 150 ns
P, Propagation Delay Ta=25°C
b tPHL Each Bit 35 80 a5 60 s
E Al Bits Switched 5 80 35 60 ns
 Cleg Full Seals Tempeo +10 150 10 50 | ppm/'C
o Voo Output Voltage Compliance | Fult Scale Current Change ~10 18 -10 18 v
;o <14 LS8, Royr>20 MQ Typ
e Eull Scale Current Vrer=10.000V, R14=5.000 k2 | 1.984 | 1.092 | 2.000 | 1.94 198 | 204 mA
- R15=5.000 ki2, To=25°C
™ lpag Full Scale Symmetry tesa-trsz 05 | 40 £1 +8.0 A
’_ly; Zero Scale Currant 0.1 1.0 0.2 2.0 pA
il ) Ouiput Current Range Vo=-8V 0 20 2.1 0 20 2.4 mA
v V"s-BV fo ~18Y 0 20 42 0 20 42 mA
1 Logic Input Levels
" Logic 0" Vig=lV 08 0.8 "
.’__Vy Logic 1" 20 2.0 v
i Logic put Current Yig=0V
%}T '3 Logic *0" ~1OVEVip40.8Y -20 | -10 -20 | -0 A
¥ Iy Logic "1 2VEVNs+18Y 0.002 0 D.002 10 T2
AL Loglc Input Swing V=15V -10 18 ~10 18 v
Yim Loglc Threshold Range Ve=H16V 10 135 | -10 135 v
¢ s Reference Bias Current -10 | -30 -10 | 30 | pA
RNt Reference Inpul Slew Rate | (Figure 11) 4.0 8.0 40 8.0 mAlus
i P88I-s, | Power Supply Sensitivity 4.5V s18Y 0.0001 | 0.07 0.0001 | 6.01 %%
T -4.8V<VS18Y 0.0001 | 0.09 00001 | 0.0% %%
%,*'-—-— lrep=1mA
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cal Characteristics (continued)

ing specifications apply for Vg = 215V, Igee = 2 mA and Ty < Ta S Tyyax unless otherwise specified. Gutput char-
g refef to both IOUT and gDU‘I"‘

DACOBO2L.C DACO800LS
Parameter Conditions DACO0800LC Units
Min Typ Max Min Typ Max
™ Pawer Supply Current Vg=£8V, lggp=1 mA
23 3.8 2.3 38 mA
-4.3 -5.8 -4.3 -5.8 mA
Vg=8V, ~15V, |pgr=2 mA
24 3B 2.4 3.8 mA
-6.4 -78 8.4 -7.8 mA
W= 15V, lppp=2 mA,
2.5 3.8 2.5 33 mA
~6.6 -78 -6.5 -7.8 mh
Power Disslpation 5V, trer=1 MA 33 4B 33 43 mw
5V, ~15V, lger=2 mA 108 136 108 138 mw
118V, leer=2 mA 135 174 135 174 mw

ction Diagrams

n body medel, 100 pF discharged through a 1.5 kil reslstor, :
numbers for the DACO80X represent the Duat-n-Line package. The Small Qutline package pin-out differs from tha Dual-in-Line package.

Dualdn-Line Package

U

. THAESHOLD 1
oL, vy —f @

2
ouy ~—
V]
q

Tyt =1

S8 b1~

i

a;—’-

u-!n

‘—E'GGWEW"WN
Y Vagr()

I
-'-Vaerm

L3, 'ad

-llﬂ LSE

e

1
-';Bﬁ

-5

Top View

DS005688-13

Smail Qutline Package

NS
ke | 16 f=8 138
Vrer(*}—{ 2 15|8y
Vaer(=) =4 3 14 =8
COMPENSATION =4 4 13 =By
THRESHOLD CONTROL, V) = & 1218,
iour =16 11}—8;
=47 tol—8,
four— 8 98, WsB
DS005666:14
Top View

See Ordering Information

to Maximurn Ralings indicate limits beyond which damage to the device may oceur. DC and AC slectrical spacHications do not apply when operating

d its specifiedt operating conditions. '
maximum junction temperature of the DACOBO0 and DAC0802 is 125°C. For operating at elevated temperatures, devices in the Dual-in-Ling J package
based on a thenmal resistance of 100°C/W, junction-to-amblent, 175°C/W for the molded Duel-in-Line N package and 100°C/W for the Small Ouline

www.nhational.com
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Nato. Positive

W*) ) comman-mode rangs Is always

CS005686-26

v Vig {l; g 3 B BY L] 1 1
Tu ?l § [] ?r ?I To Tll Tu ?12
1 1 | 1 N
BiAS
NETWOAR _ - N N N & 3___'(""
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vaertt o'l g b~ Sl Sy b~ b el L~ Ryl
*’\*t) )j
Vas;l—lou = "
REF 4
P ::
L
BALDS
1® 3
Q
ciwe v
DE005686-2
Full Scale Current LSB Propagation Delay vs I Reference Input
vs Reference Current o Frequency Response
3
12 S
8 -Ta=7m|nT“me1 g 19 FR19=R15= 1k
@ LALLBITSHIGH | 3 50 & LR <800
é 5 LIMIT FoR Z g E & AL GiTSON”
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i = 200 1 LS8 = 78 na E 3 : y
§ ? E 5 11898 = 7.8 A £ 5 A
5 £ s Bul 4 NN
g 1 N Ty 100 J o -8 LY
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[ ] -12 &
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| 7 31 s 5 Igg - OUTPUT FULL SCALE CURRENT imA} 61 9z 65 1 2 510
IReF ~ REFERENCE CURRENT {mA) D5005696-23 FREQUENCY (MHz)
DS0CsEBE. 22 DEDO50HE-24
Curve 1; Co=16 pF, Viy=2 Vp-p contered at 1V,
g&wc\?: Co=15 pF, V=50 mVp-p centered at
mv.
ggw& 3: Cr=0 &F. Vin= 51&.8 mvp-h (:esn:gﬁrgg1 at
2 a| mugh connacted
14.2V applied to R14.
fi Referance Amp Logic input Current
- Common-Mode Range egic Input Gurren Vi — Ve vs Temperature
vs Input Voltage 26
. |
Ta= T 70 Tiaax 4
38 F av siTson" o
i z 5 2
- 3 14
s s
1] g =, 15 e
24 14
TR = 4G s . T 12 I~
o T gr *2mA B £ N
| 1 i - 58
| 12 I,Erlml 7] . 8
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e Wi I i 1 o4
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i

| Performance Characteristics (continueq)

vs Output Output Voitage Compliance Bit Transfer
_) ut Voltage vs Temperature Characteristics
A o
TLRTEON T = Tauy T8 Tiax 18 *\\‘ R J " - 2'; }
! £ T A 12 1IReF~ ImA
. ]l [~ N \Qk E &
e -tBY =V =SV 2 YSHADED AREA INDICATESY e
ba e E g b~ PERMISSIBLE DUTPUT 5
I REF " &M g VOLTAGE BANGE FOR 08
o } =4 [-f-v--18V igpr s 2ma. o g
| £ R = o
b t—"1 Ipge =1 mA a2 0 |—j FOR 0;51;5;6—:“:’;‘“5’: 5 5
S g fsbosk o a 04
- o SR N
2 AN & o
- REF = 82 mA NN \i | N "
| I N -2 : " 0
2 2 8 0 16 % 0w W A2-10-8-6-4-20 Z 4 6 B 191214 1618
-4 - Ta - TEMPERATURE ['CH vy - LOBIC INPUT VOLTAGE (v}

Vp - OUTPUT VOLTAGE (V) D500z Deoossanan
DicEse 25 Note. B1-B6 have identical transfer
characleristics. Bits are fully switched with less
: than V2 LSB error, at lass than 100 mV from
- actual thrashold. These switching points are
] guarantesd 1o la between 0.8 and 2V over the
4 operating temperature range (Vi c = OV).

ly Currant Poewer Supply Current Power Supply Current

vs -V ‘ vs Tempeorature

4 M --.-—-—.---——i——'—-r-ﬁ-——a

8 oW uw

ML 'im {'“’1‘ oRy 7 ALLBITENAY BE D E MIEH n"umu - i‘ ALL BITS HIGH OR LOW

o T = |~mrmasf=zmn £ ¥ liper-zma

i- e 8 ¥ ! g ' ;

; 7] ¥ Sy
g ¢ 1-WITH Ipgs = 1 mA T g, ¥ = 15V o
B e il PO Y sl | =
> 4 UL g s
E 3 -WiTHiggp=02mA _ [ | g2 a
[ 3 =

i e £ 2 *‘” % 3 *y = 18y

: F 2 pemper =)

2 1 |'
!
o u s ﬁ
1405 1 1092 W %6020 G -2 4 -6 -8 -10-12-18-18-18-20 50 % 180 16
" Yog - POSITIVE POWER SUPPLY (W) V - NEGATIVE PRWER SUPPLY {V} T - FEMPERATURE {°C)
DS005838-31 BE005888-32 0B005685-33
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BIGITAL INPGTE

M$B L$E
Bl A B3 B4 B5 BE BT BB

nes
R84 DALHSO
Ri§  “VReF

t5

,I,, 3 1513 12
= 5
Y@ camed v
[P s e
= -y W =

a1

D205

o Vg, 2
IFs RRAEF XZ’.EE

la + 1 = Igg for alf logic states

For fixad referance, TTL. operation, typical values are:
Vger = 10,000V

Rpgr * 5.000k

R15 = Rpgr

g = 0.0 uF

Vi = OV {Ground)

FIGURE 3. Basic Positive Refarence Operation (Note 5)

LowTE = DACONR
LX) DACBIDD
:.P; i:aw " "vﬂg;o'-o-wvdﬁ 2 %
= J_“"""“" DS005686-16
=%
DE005685-24 e ~Veer , 258
FIGURE 4. Recommended Full Scale Adjustment Prer 258
Circuit (Note 5) Note. Rpgr sets Ipg; R15 is for bies current cancellation
FIGURE 5. Basic Negative Referance Operation
{Note 5)
DMELTAL FNPUTS
M5
RASRAAR
IRE = 2 mA Omemased 14 DALHSY
EE S ol
113
DEONS6E6-17
B1 B2 B3 B4 BS BE B7 B8| lomA | IomA Eo E,
Full Scale T 1T 1 1 11 1 1 1.992 0.000 -5,860 | 0.000
Fult Scale-LSB 11t 1 1 1 1 1 6| 1984 | 0008 | -9.920 | ~0.040
Half Scale+L.SB t 0 0 0 0 0 0 1| 1.008 | 0984 | -5.040 | -4.820
Half Scale 1. ¢ 0 0 0 ¢ 0 0] 1000 | 0992 | -5.000 | -4.960
Half Scale-LSB o 1 + 1 1 1 1 1] 0892 1.000 | -4.960 | ~5.000
ZeroBcale+lGB Q0 0 O 0 © 0 © 1| 0.008 1984 | -0.040 | -0.920
Zero Scale ¢ 0 0 0 © 0 O 0} 0000 | 1902 | 0.000 | -9.960

FIGURE 6. Basic Unipolar Negative Operation (Note 5}

g Natlonal.com 6




k| Applications (continued)

HAEF = 2 A Cmmniae
Eo
Pos. Full Scale T 1 1 1 1 1 1 1} -8.920{+10.000
Pos. Full Scale-|.SB 1T 1 1 1 1 1 1 0{-~9.840( +9.920
Zera Scale+|.5B 100 0 0 0 0 1] -008]+0.160
Zerp Scale 1 0 0 0 0 0 0 0] 0000 | +0.080
Zoro Scale-1.5B 01 1 1 1% 1 1 1}+0080]| 0000
Neg. Full Scale+LSB 0 ¢ 0 0 0 0 O 1]+9.920| ~9.840
Neg. Full Scale 0 0 0 0 0 0 0 O[+10.000] -9.920
FIGURE 7. Basic Bipolar Output Operation (Note 5)
23
arl
5k Iy Yy -
Viger = 164 Oy et
. DACI8E0 Wit -0594,,3(:{:.2,%)
whera X is the input code and
Sk
iy
= D5005686-1
t ‘évdlhin £0.05%, outpit is symmetrical sbout ground
B1 B2 Bl B4 B5 B6 B7 B38| E,

Pos. Full Scale T 1 1 1t 1 1 1 1] +9.960
Pos. Full Scale-LSB 1T 1 1 1 1 1 0| +9.880
(+)Zero Scale 1 0 0 0 0 ©0 0 O] +0.040
{—)Zero Scale g 1 1 1 1 1 1 1| -0.040
Neg. Full Scale+LSB 0 0 6 0 0 0 © 1) -9.880
Neg. Full Scale 6 ¢ 0 0 0 0 0 o] -9980
FIGURE 8. Symmetrical Offset Binary Operation (Note 5)

Ry,
¢
£q
DAGDEDD Q8T +ipg- &}
# 255
IFs = = IREF

256
DBEO056AE-19
oritary output {operstion as negative logle DAC), connact inverting Input of op amp to To {pin 2, connact Iy (pin 4) 1o ground,

FIGURE 9. Positive Low Impedance Output Operation (Note 5)

S
1
i

7 www.natlonal.com
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Typical Applications (continued)

47

g b BT - 55 - 6]
y ]

8 ’ o
i IFs = o= Iagr

13 p— 256

AL
2 0
T T T

D8005686-20
Eor complernentary output (operation as & negative jogic DAC) connect non-inverting input of op am to To {pin 2); connect iy {pin 4} to ground.
FIGURE 10. Negative Low Impedance Output Operation (Note 5)

"VRgr
TTh, OTL i 120 15V
OPTIONAL RESISTOR gy +i8Y
Rw% [sun QFFSET INPUTS ™ i
" i |
iN “ 2 l 1k
DARENG
J-L Rga ~ 200 DACTHOY I v
w fp . Yig I ZENER
16 Z 4 - C-3
I | o e e e e e s [ S —
T = = 5V EMOS wees T 10K ECL

0 CAP Yyy < 28V Vip=6V I Vg o -1V

I

-rL ] oo
DBG05686-10 I

Typlcal values: Ryy=5K V=10V | o

Vig .

FIGURE 11. Pulsed Reference Operation (Note 5) haes |
4148 I a8
Il

I

-

VTH = Vig + 1.4V

15V CMOS, HTL, BNIL

Vi = T8V

Nots. Do not excesd negative logic input range of DAC,

FIGURE 12. interfacing with Various Logic Families

Vage Rues

Yoz O\ Apmannad 14
Intr R1S BACORDY
(OPYIONAL)
1 \ Vig = QAN ]

e i L L ® Apgr > A1k

- IMPEDANCE
Vin =l g AA DS005686-12

g

oACIE (i) +Vier must be above peak positive swing of Vi,

Ds0psese-1
(@) lner = peak negative swing of i,
FIGURE 13. Accommodating Bipolar References (Note 5)
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Applications {Continued)

8.1 uF

FOR TURN “ON", V) =20V
FOR TURN “OFF", VL ~GV L

SBuF - v

MINIMUM
EAPACITANCE \

HPGO8Z-2800
SCHOTTKY (HODES

VgL
0.7y

S B 7 8 910N 12
1
DACERG0
A5 {DIRT)
15
l 13 3 1%
— 1 -
- 0.01 4F
_I AN I 8.1 uF
= et} T -
D8005888-T
FIGURE 14. Settling Time Measurement (Note 5)
5v 708
W CONVERSION
CLOCK FREE
RUN
"W \ ANALOR v
NFyT
Re
3.9

Q1Y 2HiF
B1aF

1
T

0.1,4F
—
=
-5
DSp056e88-8

%1-'3 conversion time with &-bif resolution and 7-bit accuracy, an LM361 comparator replaces the LM319 and the reference curen! Is doubled by
+R2 and R3 t6 2.5 kQ and R4 t0 2 MQ.

FIGURE 15. A Complete 2 ps Conversion Time, 8-Bit A/D Converter {Note 5)

] www.national.com
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B Physical Dimensions inches (millimeters) unless otherwise noted
% o i —
b4 16 g
e | e W o W i W Y0 i W WO .
o 0.220-0.310
2 {5.59-7.87]
: ¥
0028 Lfavuvuuvkal\_
' RESSES gt e
] e 0,037 20,005 1yp
6008 [0.94 40,13} ?ngg_g_?gf
N{‘zﬁ]P—- 4 =500 e ' | LSS SEaLANT
ok CEEE L Z
{5.08} - = ' G L
MAX TTP 2 £ 7 0.01020.002 1yp
L ¥ 5154w T b ’i/‘{u.zstu,usj
i e g
[as W] e 9.310
ol s | ' H814828 e Bt e
01003 0,018 4yp
12.54 £ 0.25] ;
Molded Smali Outline Package (SO}
Order Numbers DACOBGOLCM,
or DACO302LCM
NS Package Number M16A
"_;tn.m—-?::a"_"
_|l B % 3 & 11 1w @
T afAgARAAR
a2 004 .
18 70— 8.098) e
o] A
...... ¥
LEAD ND.1 i 3 4 8 8 7 B
Lol 2010 pax
by
> o [
[T T— Lo -
oo - r— B MAXTYF eu«;.my E%T%‘:‘i%
-L ALL LERDS i -
. = fr R e B
L0068~ 5.010 I _’! 18005 000,820 3y
Vi o L Cal
[ (203} M e by
ALLLEAD TWS
Molded Small Outline Package (SO)
Order Numbers DACOS00LCM,
or DAC0802LCM
NS Package Number M16A
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"i:' Dimensions inches (milimeters) uniess otherwise noted {Continued)
14

f 0.740 « 0.780 0.060
{18.80-15.81 0
| ) -n-i ' -i——w28

AREA

Molded Dual-in-Line Package
Order Numbers DACOB00, DAC0802
NS Package Number N16E

fuPeorT PoLICY

el
"

RSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein;

pport devices or systems are devices or
M8 which, (a) are intended for surgical implant
the body, or (b} support or sustain life, and

faliure to perform when propery used in
pdance with instructions for use provided in the
can be reasonably expected to resuit in 2
Rcant injury to the user,

safety or effectiveness.

PIN NO. 1
IDENT
OPTION @2 0.065
0.130£0.003 0.060 40 TP 0.360 - 0,320 (1.851)
Bk | e g TP "\l* OPTIONAL “1 Tsto=a o [ |
146, = 0.300 | |\
3683-5080F § ¥ 't
952450 0.008= 0016
909 49 TYP
g.ggg w3 0o | o eam 10205~ 0.4g6) 1"
0598 5 125 L gu1s0 , 0,030%0,015 g l
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0.014=0.023 0.10030.010 +0.040
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NAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
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2. A critical component is any component of a life
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the life support device or system, or to affect its
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Data Sheet

Voltage Converter

b 76605 Super Voltage Converter is a monolithic
Joltage conversion IC that guarantees significant

ce advantages over other similar devices. Itis a
cement for the industry standard 1CL.7660 offering
ded operating supply voliage range up to 12V, with
pply current. No external diode is needed for the

In addition, a Frequency Boost pin has been
Grated to enable the user to achieve lower output

i nce despite using smaller capacitors. All

gnts are highlighted in the “Electrical Specifications”
iion page 3. Critical parameters are guaranteed over
Bire commercial, industrial and military temperature

B 76608 performs supply voltage conversion from

Po to negative for an input range of 1.5V to 12V,

in complementary output voltages of -1.5V to -12V.
2 non-crifical external capacitors are needed for the
§pump and charge reservoir functions. The ICL76608
connected to function as a voltage doubler and will

8 up to 22.8V with a 12V input. It can also be used as
multiplier or voltage divider.

p contains a series DC power supply reguiator, RC
voltage level translator, and four output power
ches. The oscillator, when unioaded, oscillates ata
| frequency of 10kHz for an input supply voltage of

Is frequency can be lowered by the addition of an

| capacitor to the “OSC” terminal, or the oscillator
over-driven by an external clock.

V" terminal may be tied to GND to bypass the internal
egulator and improve fow voltage (LV) operation, At
fo high voltages (3.5V to 12V), the LV pin is left

']7'-, to prevent device latchup.

¥L7660S
{8 LD PDIP, 80IC)
TOP VIEW

B00ST [1 P

cap+ [2] 7] osc
ano [3] 6] Lv
CAP- [4: :3_—_] Vour

ICL7660S

March 6. 2008 FN3179.5

Features

+ Guaranteed Lower Max Supply Current for All
Temperature Ranges

+ Wide Operating Voltage Range 1.5V to 12V
+ 100% Tested at 3V

+ No External Diode Over Fuli Temperature and Voltage
Range

+ Boost Pin {Pin 1) for Higher Switching Frequency
+ Guaranteed Minimum Power Efficiency of 96%

+ Improved Minimum Open Circuit Voitage Conversion
Efficiency of 99%

* Improved SCR Latchup Protection
+ Simple Conversion of +5V Logic Supply to 5V Supplies
+ Simple Voltage Multiplication Voyr = (-)nVN

+ Easy to Use - Requires Only 2 External Non-Critical
Passive Components

+ Improved Direct Replacement for Industry Standard
ICL7660 and Other Second Source Devices

+ Pb-Free Available (RoHS Compliant)

Applications
» Simple Conversion of +5V to £5V Supplies
= Voltage Multiplication Voyt = tnV)y

+ Negative Supplies for Data Acquisition Systems and
Instrumentation

+ R8232 Power Supplies
* Supply Splitter, Vot = tVg/2

1 CAUTION: These devices are sensitive 10 alecirostatic discharge; follow proper IC Handiing Procedures.
1-888-INTERSIL. or1-888-468-3774 | Intersil (ana desigr} is a registered trademark of Intersil Americas Inc.

Copyright © Intersik Americas Inc. 2004, 2005, 2008, All Rights Reserved
Afl nihier traciemarks mentioned are the property of their respective cwners.



ICL76608

foring Information
TEMP. RANGE
FsART NUMBER PART MARKING °<¢) PACKAGE PKG. DWG. #
" 7660 SCBA Oto+70 8td SQIC MB.15
7660 SCBA Oto+70 8 Ld SOIC Tape and Reel M8.15
7660 SCBAZ Gto +70 8 Ld SOIC MB.15
(Pb-free)
7660 SCBAZ Oto +70 8 Ld SOIC Tape and Reel Ma.15
{Pb-free)
76608 CPA Oto+70 81dPDiP E8.3
76608 CPAZ Oto+70 8 Ld PDIP* E8.3
{Pb-free)
7660 SIPA -40to +85 8Ld S0IC M8.15
7680 SIBA -40to +85 8 1.d SOIC Tape and Reel M8.15
7660 SIBAZ -40 10 +85 8Ld S0IC M8.15
{Pb-free)
7680 SIBAZ ~40 o +85 8 Ld SOIC Tape and Ree! M8.15
(Pb-free)
7660 SIPA -40 fo +85 8 Ld PDIP E8.3
7660S IPAZ -40 to +35 8 Ld PDIP* E8.3
{(Pb-free)

% PDIPs can be used for through hole wave solder processing only. They are not intended for use in Reflow solder processing applications.

Intersil Pb-free plastic packaged preducts employ special Ph-free material sets; molding compounds/die attach materials and 100%
tin plate PLUS ANNEAL - 3 termination finish, which is RoHS compliant and compatible with both SnPb and Pb-free soidering

tlons. Intersil Pb-free products are MSL, classified at Pb-free peak reflow temperatures that meet or exceed the Ph-ree reguirements of
EDEC J §TD-020.

18838 to part number if 8838 processing is required.

Mase refer to TB347 for details on reel specifications.

2 inter FN3178.5
~ntersil March 8, 2008




ICL7660S

fite Maximum Ratings

1!'

K0SC 4nput Voltage (Note 4}

:', 5V .............................

Thermal Resistance (Typical, Note 5)
BLAPDIP . . e
0.3V to V+ + 0.3V BLAPASticSOIC. ... ..o
------- V4 5.5V to V+ +0.3Y Pb-free refiow profie . ... ... oot

Thermal Information

hitp:/Awww.intersil.comipbiree/Pb-FreeReflow.asp

*Ph-free PDIPs can be used for through hole wave solder

5\/ ........................................ 20pA
Penort Duration
] Ly BBV . . e Continuous
peraiure Range .................. 85°C t0 +150°C processin_ appuca“ons‘
K ng Conditions
iure Range
.............................. -40°C to +85°C
................................ 0°C to +70°C

ws not coverad by warranly,

processing only, They are not intended for use in Refiow solder

Do not operste at or naar the maximum ratings listed for extended periods of ime. Exposure to such conditions may adversely impact product reliability and

cting any terminal to voltages greater than V+ or less than GND may cause destructive latchup. It is recommended thal no inputs from
s operating from external supplies be applied prior to “power up” of ICL7660S.

fiis measured with the component mounted on an evaluation PC board In free air.

fHcal Specifications v+ = 5V, Ty = +26°C, OSC = Free running, Test Circult Figure 12, Unless Otherwise Specified.

- PARAMETER SYMBOL TEST CONDITIONS MIN TP MAX UNITS
urrent (Note 8) 4 Ry =0, +25°C - 80 1690 uA
0°C < Tp < +70°C . - 180 BA
-40°C < Ty < +85°C - - 180 A
_ -55°C < Ty < +125°C . . 200 pA
‘ Range ~ High Viy | RL =10k, LV Open, Taw < Ta < Tiax 30 - 12 v
B Vottage Range - Low VoL Ry =10k LV to GND, Ty < Ta < Tiax 15 - 35 v
3 Source Resistance RouT | lour =20mA . 60 100 Y]
louT = 20MA, 0°C < Ty < +70°C - . 120 o
touT = 20MA, -25°C < Ta < +85°C - - 120 o
loyT = 20mA, -55°C < Ty < +125°C - - 150 o)
loyT = 3MA, V4 = 2V, LV = GND, - - 250 a
0°C < T < +70°C
loyT = 3MA, V+ = 2V, LV = GND, - - 300 o
40°C < Ta < +85°C
louT = 3MA, V+ = 2V, LV = GND, - - 400 a
E -65°C < Tp < +126°C
-‘ o Frequency (Mote 7) fosc Cosge =0, Pin 1 Open or GND 5 10 - kHz
1 Cosc =0, Pin 1 = V+ - 35 . kHz
¥ Eicioncy Perr | RL = 6k 96 % - %
z ‘_ Thmin < Ta < Tmax Ry = 6k o5 a7 - .
Conversion Eficiency VOUTEFF [R = 99 99.9 - %
3 | _intersil FN3170.6
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ICL7660S

:cﬂl Specifications v+ = 5V, Ty = +25°C, OSC = Free running, Test Circuit Figure 12, Uniess Otherwise Specified. {Continued)

i PARAMETER SYMBOL TEST CONDITIONS MIN TP MAX UNITS
hor Impedance Ingg |V+=2V - 1 - M
4 Y - 100 : ”

lw linearly above +50°C by 5.5mW/°C

Bal but finite stray capacitance present, of the order of 5pF.

Mhal Performance Curves (Test Circult Figure 12)

.5 tast circult, there is no external capacitor applied fo pin 7. However, when the device is plugged into a test socket, there is usually a very

Intersil ICL7860S can operate without an external diode over the full temperature and voltage range. This device will function in existing
s which incorporate an external diode with no degradation in overall circuit performance.

[ i;gnlﬁcant improvements over the industry standard ICL7660 are highlighted.

2
/ % T T
* Ta = +126°C
2 200 ]
/ g { T
y Ta = 26°C
SUPPLY VOLTAGE RANGE § 150 N * [
/(NG DIODE REQUIRED) p u N T
g >;>/ Ta® 66°C
9
/,// & 100 NG
Ve : N o
A R i A A W i E 1
=)
0
268 0 25 50 100 125 ] 2 4 ] 8 10 12
TEMPERATURE {°C) SUPPLY VOLTAGE {V)
1. OPERATING VOLTAGEAS A FIGURE 2. CUTPUT SOURCE RESISTANCE AS A
FUNCTION OF TEMPERATURE FUNCTION OF SUPPLY VOLTAGE
98
g [ 1]
2 g4l Tamezsc \
G oyt = 1mA
loyt = 3MA, E @
lout = 20mA, Vewm2y : 80
VesgY % \
88
ot st lgur = 20mA, T w \I
_‘-—"/ Ve = 5V 2 85
ot I 8 84
| loyt = 20mA, g 82
V+ =12V 80
-28 o 2 80 7% 100 125 100 1k 10k 50k
] TEMPERATURE (°C) 0SC FREQUENCY foge (Hz)
URE 3. OUTPUT SOURCE RESISTANCE AS A FIGURE 4. POWER CONVERSION EFFICIENCY AS A
FUNCTION OF TEMPERATURE FUNCTION CF OSCILLAYOR FREQUENCY
4 l intergil EN3170.5
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ICL7660S

] Ve=gv
-1 Tp = +26°C]|

10 100 1%
Cosc (pF)

ENCY OF QSCILLATION AS A FUNCTION
‘BXTERNAL OSCILLATOR CAPACITANCE

]

10 2 30 40
LOAD CURRENT (mA)

UTPUT VOLTAGE AS A FUNCTION
QUTPUT CURRENT

/

’,
-I-\-l""""'-“‘I
-

—

2 3 a § 6 7 8 [
LOAD CURRENT (mA)

TPUT VOLTAGE AS A FUNCTION OF QUTPUT
RRENT

f ymance CUrves (fest Circutt Figure 12) {Continued)

b
o

-
-

N\
\\t

OSCILLATOR FREQUENCY fogc (kHz)
»
y
/ I

Vw10V
12 \
\ \
10 N \
Vo = BV \‘
a8 1
]
55 25 0 25 50 % W00 125
TEMPERATURE {°C)
FIGURE 6. UNLOADED OSCILLATOR FREQUENCY AS A
FUNCTION OF TEMPERATLURE
__ 100 100
2w S £ %0
: g
B s T
g 3
E ™ 70 E
w 60 0 &
2 s st &
& a0 40 5
g 30 30 &
14
20 / V4 7 BV n °
% 10 T = +28°C 10
0 ' 6

6 10 2 s 4 50 60
LOAD CURRENT (mA)

FIGURE 8. SUPPLY CURRENT AND POWER CONVERSION
EFFICIENCY AS A FUNCTION OF LOAD

GCURRENT
100
20 Py
\ -
60 \D . "
%a? 70 s 1 g
> &0 12 f
gg ) N 10 E
: pa ;
40 8 &
[y &
g - . 8
+= >
z" yd Ty = +26°C 4 g
10 2 3
o [ o
0 15 30 45 60 75 90

LOAD CURRENT (mA)

FIGURE 10. SUPPLY CURRENT AND POWER CONVERSION
EFFICIENCY AS A FUNCTION OF LOAD CURRENT
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ICL7660S

beal Performance Curves

({Test Cirsuit Figure 12) {Continued)

VesBY
Ta=+26°C

i 1T
Cy=Co=1mF

s I=10mA

00 LI

\c1 = Cy = 10mF

200
I

Gq = Ca = 100mF|

Vi

w | )

\

OUTPUT RESISTANCE (1)

\~4’
0 T

|

._‘ ~2ViNy g = 2, so Viy xig ~ VouT X 1|

biled Description

3176608 contains all the necessary circuitry to

Wle a negative voltage converter, with the exception of
al capacitors which may be inexpensive 10uF

Bed electrolytic types. The mode of operation of the

3 may be best understood by considering Figure 12,
ilkhows an idealized negative voltage converter.

Qilor C4 is charged to a voitage, V+, for the half cycle
iwitches 84 and S3 are closed. (Note: Switches Sp

¥ are open during this haif cycle). During the second

[ voltage on Cy is exactly V+, assuming ideal switches
b }oad on Cy. The ICL76608 approaches this ideal

\J s V4
> (H8V)
!
icLresos  p) 1 .
Sl S
5 = = “Vour
b
Cp L*
e T

kFortarge values of Cogg (>1000pF) the values of Cq and Cp
 increased to 100pF.

FIGURE 12. ICLT$60S TEST CIRCUIT

‘ L7660S, the 4 switches of Figure 13 are MOS
givitches; S, is a P-Channe! devices and S, S3 and
-Channel devices. The main difficulty with this

100 1k
OSCILLATOR FREQUENCY (Hz)
FIGURE 11. OUTPUT SOURCE RESISTANCE AS A FUNCYION OF DSCILLATOR FREQUENCY

10k 100k

curves include in the supply current that current fed directly into the load R from the V+ (See Figure 12). Thus, approximately half the
Buply current goes directly o the positive side of the load, and the other haif, through the ICL76608, to the negative side of the load. Ideally,

approach is that in integrating the switches, the substrates of
S3 and S, must always remain reverse biased with respect
to their sources, but not s0 much as to degrade their “ON*
resistances. In addition, at circuit start-up, and under output
short circuit conditions (VoyT = V+), the output voltage must
be sensed and the substrate bias adjusted accordingly,
Failure to accomplish this would result in high power losses
and probable device fatch-up,

This problem is efiminated in the ICL.7660S by a logic network
which senses the output voltage (Vo) together with the
leve! transiators, and switches the subsirates of S3 and Sy to
the correct level to maintain necessary reverse bias.

The voltage regulator portion of the ICL76608 is an integral
part of the anti-latchup circuitry, however its inherent voltage
drop can degrade operation at fow voltages. Therefore, to
improve low vollage operation “LV" pin should be connected
fo GND, disabling the regulator. For supply voltages greater
than 3.5V the LV temminal must be lef open to insure latchup
proof operation, and prevent device damage.

Theoretical Power Efficiency
Considerations
In theory, a voltage converter can approach 100% efficiency
if certain conditions are mat:

1. The drive circuitry consumes minimal power.

2. The output switches have extremely iow ON resistance
and virtually no offset.

3. The impedance of the pump and reservoir capacitors are
negligible at the pump frequency.

6 intersil
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ICL7660S

76608 approaches these conditions for negative

| conversion if large values of Cy and C; are used.

aY 15 LOST ONLY IN THE TRANSFER OF CHARGE
gN CAPACITORS IF A CHANGE IN VOLTAGE
g, The energy lost is defined by:

B (V42 - VD) (EQ. 1)

vy and V2 are the voltages on C+4 during the pump
nafer cycles. If the impedances of Cy and C» are
Jy high at the pump frequency (refer to Figure 13)
red to the value of Ry, there will be substantial
ha in the voltages V4 and Va. Therefore it is not only
le to make C3 as large as possible 1o eliminate output
a ripple, but also to employ a correspondingly large
ifor C4 in order to achieve maximum efficiency of
on.

St 2 S

.,-__Tc_aio_

1

|
. | -
4 I 7] ' 3
: " 1 - -
1 ! J. J...
1 I —
1 ! C,
I
S3 : Ss 5
| S/ I S—
4 Vout = -Vin

?
JRE 13. IDEALIZED NEGATIVE VOLTAGE CONVERTER

and Don’ts
0 not exceed maximum supply vollages.

not connect LV terminal to GND for supply voltage
ater than 3.5V.

not short circuit the output to V* supply for supply
mages above 5.5V for extended periods, however,
Rsient conditions including start-up are okay.

nen using polarized capacitors, the + terminal of C4
8t be connected to pin 2 of the ICL7660S and the +
minal of C; must be connected to GND.

the voltage supply driving the ICL7660S has a large
lroe impedance (250 to 3002), then a 2.2uF capacitor
bin 8 to ground may be required to limit rate of rise
input voltage to less than 2V/ps.

r shouid insure that the output {pin 5) does not go
Ore positive than GND {pin 3). Device latch up will ocour

er these conditions. A 1N914 or similar diode placed
Paralie! with Co will prevent the device from latching up
Mder these conditions. (Anode pin 5, Cathade pin 3).

Typical Applications

Simple Negative Voltage Converter

The majority of applications will undoubtedly utilize the
ICL7680S for generation of negative supply voltages.
Figure 14 shows typical connections to provide a negative
supply where a positive suppiy of +1.5V to +12V is available.
Keep in mind that pin 6 (LV) is tied to the supply negative
(GND) for supply voltage below 3.5V,

[
q

104F
[“"‘E+ 2] cireses |
—..I:E i -: Ro vour
—4 5['] =
1OuF ;-]:"0“" R
14A. 148.

FIGURE 14. SIMPLE NEGATIVE CONVERTER ANDITS
QUTPUT EQUIVALENT

The ouiput characteristics of the circuit in Figure 14 can be
approximated by an ideal voltage source in series with a
resistance as shown in Figure 14B. The voltage source has
a value of -(V+). The output impedance (Rp) is a function of
the ON resistance of the internal MOS switches (shown in
Figure 13), the switching frequency, the value of C4 and Cs,
and the ESR (equivalent series resistance) of C4 and Co. A
good first order approximation for Rp is:

Ro=2((Rgw1 * Rawa + ESRg )+ 2(Rgwp + Rgwy +ESRg )+
1

e o 3 =%~

foump * €4 ¢z

f
_ 08C (R = MOSFET Switch Resistance
foump = 5= (Rewx e )

(EQ. 2)

Combining the four Rgyyx terms as Rgyy, we see that:

R052XRSW+ +4XESRC1 +ESR02 (EQ- 3)

foump * €4

Raw. the total switch resistance, is a function of supply
voltage and temperature (See the Qutput Source Resistance
graphs), typically 23Q at +25°C and 5V. Careful selection of
C4 and C3 will reduce the remaining terms, minimizing the
oufput impedance. High vaiue capacitors will reduce the
(fpump x C1) component, and low ESR capacitors will lower
the ESR term. Increasing the oscillator frequency will reduce
the H(fpymp x C1) term, but may have the side effect of a net
increase in output impedance when C4 > 10pF and is not long
enough to fully charge the capacitors every cycle. In a typical
application where fogc = 10kHz and C = G4 = G2 = 10)F;

‘;
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ICL7660S

1
23+ T +4XESRg  +ESRg,  (EQ.4)
“é 20+ 5=<ESR

. ine ESRs of the capacitors are reflected in the output
nce multiplied by a factor of 5, a high value could

ally swamp out a low 1fpymp % C1) term, rendering
firease in switching fraquency or filter capacitance

3 dive. Typical electrolylic capacitors may have ESRs as

1

‘ |so affects the ripple voltage seen at the output. The
Jople is determined by 2 voltages, A and B, as shown in
p 15. Segment A is the voltage drop across the ESR of

iV, Segment B is the voltage change across Ca during
iy, the half of the cycle when Co supplies current the
EThe drop at B is foyt X tp/CoV. The peak-to-peak ripple
e is the sum of these voltage drops:

) 1
(e, " 2ERo2 ow) (EQ.5)

‘, & low ESR capacitor will result in a higher

dbe approximately:

9 R

L . _ROUT(of ICL78608

| n(number of devices) (EQ.8)

ding Devices

LL78608 may be cascaded as shown to produce larger
Pve multiplication of the initial supply voltage. However,
B the finite efficiency of each device, the practicat limit is
flvces for light loads. The output voltage is defined by:

;.'= (Vi) (EQ.7)

" 8 an integer representing the number of devices
gred. The resulting output resistance would be
mately the weighted sum of the individual ICL76608

Changing the ICL766808 Osciliator Frequency

It may be desirable in some applications, due to noise or other
considerations, to alter the oscillator frequency. This can be
achieved simply by one of several methods described in the
following.

By connecting the Boost Pin {Pin 1) to V+, the oscillator
charge and discharge current is increased and, hence, the
osciliator frequency is increased by approximately 3112
times. The result is a decrease in the output impedance and
rippte. This is of major importance for surface mount
applications where capacitor size and cost are critical.
Smaller capacitors, e.g. 0.1yF, can be used in conjunction
with the Boost Pin in order to achieve similar output currents
compared to the device free running with C4 = G2 = 10uF or
100yF. (Refer to graph of Quiput Source Resistance as a
Function of Oscillator Frequency).

Increasing the oscillator frequency can also be achieved by
overdriving the escillator from an external clock, as shown in
Figure 18. In order o prevent device latchup, a 1ke2 resistor
must be used in series with the clock output. In a situation
where the designer has generated the extemnal ciock
frequency using TTL logic, the addition of a 10k pull-up
resistor to V+ supply is required. Note that the pump
frequency with externat clocking, as with internal clocking,
will be 12 of the clock frequency. Output transitions occur on
the positive going edge of the clock.

V+ V+
L)
|l )
3 5 1 cMOS
. | 2] \cLreses GATE
L E1 8] =
—{3 :5}'—.-1——" Vour

'
FIGURE 15. EXTERNAL CLOCKING

ltis also possible to increase the conversion efficiency of the
ICL7660S at low load levels by lowering the oscillator
frequency. This reduces the switching losses, and is shown
in Figure 12. However, lowering the oscillator fraquency will
cause an undesirable increase in the impedance of the
purmp (C4) and reservoir (Cg) capacitors; this is overcome by
increasing the vatues of C4 and Cq by the same factor that
the frequency has been reduced. For example, the addition
of a 100pF capacitor between pin 7 (OSC and V+ wili lower
the oscillator frequency to 1kHz from its nominal frequency
of 10kHz (a multiple of 10}, and thereby necessitate
corresponding increase in the vatue of Cq and Cy (from
10yF to 1Q0uF).

8 interil
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ICL7660S

ICL7860S

Vour

FIGURE 16. LOWERING OSCIiLLATOR FREQUENCY

Biitive Voltage Doubling

FCL7660S may be employed to achieve positive voltage
fiiing using the circuit shown in Figure 20. in this

cation, the pump inverter switches of the ICL76608 are
o charge C to a voltage level of V+ -V (where V+ is
i pply voltage and Vi is the forward voitage on Cq plus
;_i pply voitage (V+} is applied through diode D5 to

gitor C2. The voltage thus created on Cy becomes

) - (2VE) or twice the supply voltage minus the

Mhined forward voitage drops of diodes D4 and Da.

fsource impedance of the output (Vo) will depend on
Putput current, but for V+ = 5V and an output current of
‘{‘;-" it will be approximately 600

1CL766808
Vour =
{2V+} - (V)

FGURE 17. POSITIVE VOLTAGE DOUBLER

ibined Negative Voitage Conversion and

ive Supply Doubling

2 21 combines the functions shown in Figure 14 and

19 20 to provide negative voltage conversion and

e voltage doubiing simultaneously. This approach
Wb, for example, suitable for generating +0V and -5V
[8n existing +5V supply. In this instance capacitors Cy
93 perform the pump and reservoir functions

Xlively for the generation of the negative voitage, while
r'e Cz and Cy4 are pump and reservoir respectively

1 toubled positive voltage. There is a penalfy in this
ration which combines both functions, however, in
e source impedances of the generated supplies wiit be
Bvhat higher due to the finite impedance of the common

v+

ICLT660S 3

+*

[
"ﬁfi
1 E B E
laf [of {f [
g

D2

VOUT = ‘2\'-&} -
Vepa) - Vepz)

4

T

T Vout® Vin
c
c

I
I

FIGURE 18. COMBINED NEGATIVE VOLTAGE CONVERTER
AND POSITIVE DOUBLER

Voltage Splitting

The bidirectional characteristics can aiso be used to splita
high supply in half, as shown in Figure 22. The combined
ioad will be evenly shared batweaen the two sides, and a high
value resistor to the LV pin ensures start-up. Because the
switches share the load in parailel, the output impedance is
much lower than in the standard circuits, and higher currents
can be drawn from the device. By using this circuit, and then
the circuit of Figure 17, +15V can be converted (via +7.5,
and -7.5 to a nominal -15V, although with rather high series
output resistance {(~2500Q).

L $- 0 V+

Eﬂu SOpF o

AAA

[' S |

+
[T
VeV
Vour =3 L‘“"‘E ICL76608
3]
| Al
ral

L*:HTJE:IL'[‘.I

FIGURE 19. SPLITTING A SUPPLY IN RALF

Regulated Negative Voltage Supply

In some cases, the output impedance of the ICL7660S can
be a problem, particularly if the load current varies
substantially. The circuit of Figure 23 can be used fo
overcome this by controlling the input voltage, via an
ICL7611 low-power CMOS op amp, in such away as to
maintain a nearly constant output voltage. Direct feedback is
inadvisable, since the ICL76608’s oufput does not respond
instantaneously to change in input, but only after the
switching delay. The circuit shown supplies enough delay to
accommodate the ICL76608S, while maintaining adequate
feedback. An increase in pump and storage capacitors is
desirable, and the values shown provides an output
impadance of less than 50 to a load of 10mA.

FN3179.5
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+8Y 50k
AAA
Yy
l.m .
s
1 W TR T
"V‘T - -
100k iCL761
A‘A'.l' * LW
1]

—»f
g
e
g
=

— Your

—
gi

=" 1004F
VOLTAGE
ADJUST =

FIGURE 20. REGULATING THE OUTPUT VOLTAGE

+BV LOGIC SUPPLY
-
12 N
TTL BATA 16 4
NPUT * 31;;...
4 o 3 g:zaz ey I__
\J 15 OUTPUT gy ._I L
IHB142

[ &}
. I“‘E ICLT6808 7]
104F __J__TE €] 13 {14
nolll | 3 ——

FIGURE 21. R8232 LEVELS FROM A SINGLE 5V SUPPLY

Ror Applications

g information on the operation and use of the
£290S may be found in ANOS1 “Principles and
Wations of the ICL7660 CMOS Voltege Converter”.

10 nte FN3179.5
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ICL7660S

-in-Line Plastic Packages (PDIP)

£8.3 (JEDEC MS-001-BA ISSUE D)
8 LEAD DUAL-IN-LINE PLASTIC PACKAGE

11 intersil

iNCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX |NOTES
A - 0.210 - 5.33 4
| E o Al 0.0186 - 0.38 - 4
! A2 0.115 0.195 2.83 4,95 =
A B 0.014 | 0022 | 0356 | 0558 | -
€ B1 0.045 | 0.070 1.15 1.77 8,10
(7Y G 0.008 0.014 0.204 0.355 -
e} ocw la— ¢ D 0.355 | 0.400 | 901 | 10.16 5
oE—
et 8 - -
0.010 (0.25!®I P ! A IB B 0] ] 0.005 0.13 5
E 0.300 0.325 7.62 8.25 6
‘ E1 0.240 0.280 8.10 7.1 5
olling Dimensions: INCH. In case of conflict betwsen 100 BS 2 T
Finlish and Metric dimensions, the inch dimensions control. e 0-100 BSC 54 BSC
Inensioning and tolerancing per ANSI Y14.5M-1982. e 0.300 BSC 7.62BSC 6
bols are defined in the "MO Serles Symbol List” in Section ep - 0.430 - 10.92 7
2 of Publication No, 95. L 0.115 0.150 2.03 3.81 4
Miiensions A, At and L are measured with the package seated N 8 B 2
FIEDEC seating plane gauge GS-3.
D1, and E1 dimensions do not include mold flash or protru- Rev. 0 12/93
bors. Mold flash or protrusions shall not exceed 0.010 inch
26mm).
are measured with the leads constrained to be per-
picufar to datum [ -C-|.
and e are measured at the lead tips with the teads uncen-
ined. ac must be zero or greater.
maximum dimensions do notinciude dambar protrusions,
miar protrusions shall not exceed 0.010 inch (0.25mm),
ills the maximum number of terminal positions.
iner leads (1, N, N/2 and N/2 + 1) for £8.3, E16.3, E18.3,
3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch
078 - +.14mm).
FN3179.6
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ICL7660S

b Outline Plastic Packages (SOIC)

M8.15 (JEDEC MS-012-AA ISSUE C)
§ LEAD NARRCW BODY SMALL OUTLINE PLASTIC PACKAGE

INCHES MILLIMETERS
SYMBOL | MIN | MAX | MIN | MAX | NOTES
A 0.0532| 0.0688| 136 | 1.75 :
Al 0.0040 | 00098 0140 | 025 -
B 0013 | 0020 | 033 | 051 9
c 0.0075| 0.0098 | 018 | 025 .
G} 0.1890 | 0.1968 | 480 | 500 3
E 0.1497 | 0.1574 | 3.80 | 4.00 3
e 0.050 BSC 1.27 BSG .
H 02264] 02440 580 | 620 ;
h 00099 | 00196 | 025 | 080 5
L 0018 | 0080 | 040 | 127 8
N 8 8 7
a o 8° 0° 8° R
Rev. 1 6/05

oning and tolerancing per ANSI Y14.5M-1982.

nsion “D” does not include motd flash, protrusions ar gate burrs.
flash, protrusion and gate burrs shail not exceed 0.15mm (0.006
per side.

Binsion “E” does not include interlead flash or protrusions. Inter-
ifiash and protrusions shall not exceed €.25mm {0.010 inch) per

chamfer on the body is optional. if it is not present, a visual index
fire must be located within the crogshatched area.

{is the langth of terminal for soldering 1o a substrate.

the number of ferminal positions.

nal numbers are shown for reference only.

kead width “B”, as measured 0.36mm (0.014 inch) or greater

jove the seating plane, shall not exceed a maximum value of
Fimm {0.024 inch),

olling dimension: MILLIMETER. Converted inch dimensions

% not necessarily exact.

All Intersil U.S. products are manufactured, assembled and tested utilizing 1SO2000 quality systems.
Intersil Comoration’s quality certifications can be viewed at www.intersil. com/design/guality
™ products ars sold by description only, Intersil Corporation reserves the right to make changes in circuit design, software and/or specifications at any time without
;;Aooordr'ngfx the reader is caulioned lo verily thet dala sheets are curant before placing orders. Information fumished by Intersi! is believed lo be accurale and

. However, no responsibility is assumed by intersi! or its subsiciarias for its use; nor for any infringements of patents or other rights of third parfies which may resuft
fsuse, No license is granted by implicstion or otherwise undar any patent or patent rights of interslf or ifs subsiciaries.

For information regarding Intersil Corporation and its products, see www.intersil.com
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SGS-THOMSON
MICROELECTROMICS TDA2822M

7

DUAL LOW-VOLTAGE POWER AMPLIFIER

By SUPPLY VOLTAGE DOWN TO 1.8V

E» LOW CROSSOVER DISTORSION

LOW QUIESCENT CURRENT

BRIDGE OR STEREQ CONFIGURATION

MINIDIP

ORDERING NUMBER : TDA2822M

EThe TDA2822M is a monolithic integrated circuit in
I8 lead Minidip package. It is intended for use as
dual audio power amplifier in portable cassette
Eplayers and radios.

IPIN CONNECTION (Top view)

‘
1

ouTPUTYY 1 NPuT- (1)

SUPPLY voLTact |l [Jinruv.0)
ouTPUT{2} HiNPUTY.{2 }

GROUND [ INPUT-(2)

S.a2y

"March 1995 111




. NA2822M

CHEMATIC DIAGRAM
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SL. T ] {-r'h ‘h NPUT <‘}-
EABSOLUTE MAXIMUM RATINGS
¢ Symbol Parameter Value Unit
! Ve Supply Voltage 15 v
E [ Peak Output Current 1 A
Ptot Total Power Dissipation at Tams = 50 °C 1 w
at Tcasa = §0°C 14 w
Teig T Storage and Junction Temperature - 40, + 150 °C
THERMAL DATA
Symbol Parameter Value Unit
Rihjamb | Thermal Resistance Junction-ambient Max. 100 *CW
Rujcass | Thermal Resistance Junction-pin (4} Max. 70 *Ciw
L7 355-THOMSON




TDA2822M

¢

:E]_ECTRICAL CHARACTERISTICS (Vs =6V, Tamb = 256°C, unless otherwise specified)

symbol | Parameter i Test Conditions { min. | Typ. [ Max. [ unit]
$TEREQ (test circuit of Figure 1)
™ Vs Supply Voltage 1.8 16 \'
Vo Quiescent Output Voltage 27 v
Vs =3V 1.2 v
Iy Quiescent Drain Current B 9 mA
Iy Input Bias Current 100 nA
Po Qutput Power (each channel) mw
(f = 1kHz, d = 10%) RL=320 Vs=48V 300
Vg =6V 90 120
Vs = 4,5V 60
Vg =3V 15 20
Vs =2V 5
Re=162 Vg=6Y 170 | 220
R = 8Q Vg =8V 1000
Vs =8V 300 | 380
Ru=4Q  Vs=86V 450 | 850
Vg =45V 320
Vs=3V 10
d Distortion (f = 1kHz} RL=320 P,=40mW 0.2 %
RL=1680 Po= 75mW 0.2 Yo
Ry = BQ Py = 150mW 0.2 %
. Gy Ciosed Loop Veoltage Gain f=1kHz 36 39 41 dB
- AQy | Channel Balance e dB
Ri Input Resistance f = 1kkiz 100 k(2
en Total mput Noise Re=10k2 B=Curve A 2 uv
B = 22Hz to 22kHz 2.5 inYy
_SVR__ | Supply Voltage Rejection f = 100Hz, C1 = C2 = 1Q0uF 24 30 dB
L GCs Channel Separation f= 1kHz 50 dB
RIDGE (test clircult of Figure 2)
Vs Supply Voltage 1.8 15 v
Iy Quiescent Draln Current R = 6 9 mA
Vos Output Offset Voltage RL=8Q +50 1 mv
{between the outputs)
I Input Bias Current 100 nA
Po Output Power (f = 1kHz, d = 10%) mw
: RL=32Q Vs=90V 1000
‘ Vs = 8V 320 400
Vs = 4.5V 200
Vg =3V 50 66
Vg =2V 8
Ru=1602 Vs=9V 2000
Vs = 6V 800
Vg = 3V 120
Ru=8Q Vs=6v 800 | 1350
Vs = 4.5V 700
Vg =3V 220
RL=4Q Vs = 4.5V 1000
Vg =3V 200 ¢ 350
Vg =2V 80
: d Distortion Po = 0.5W, R = 80, T=1kHz 0.2 %
.Gy | Closed Loop Voitage Gain f= 1kHz 39 di
LR Input Resistance f= 1kHz 100 k2
.- Total input Noise Rs = 10kQ2 B = Curve A 2.5 w
B = 22Hz t0 22kHz 3 uv
t SVR_ | Supply Voltage Rejection f = 100Hz 40 dB
L Powser Bandwidth (—~34B) RL = 8Q, Po = 1W 120 kHz
31
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3 of the Circuit of Figure 1 of the Circuit of Figure 2
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rE|=|gure 5: Quiescent Current versus Figure 6: Supply Voltage Rejection versus
_ Supply Voltage Frequency
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Figure 7 :  Output Power versus Supply Voltage  Figure 8:  Distorsion versus Output Power
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Figure 9 : Distorsion versus Output Power Figure 10: Cutput Power versus Supply Voltags
{Stereo) (Bridge)
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,
: figure 11 : Distorsion versus Qutput Power Figure 12 : Total Power Dissipation versus
3 {Bridge) Output Power (Bridge)
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: Flgure 13 : Total Power Dissipation versus Figure 14 : Total Power Dissipation versus
Output Power (Bridge) Output Power (Bridge)
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Figuna 15 : Total Power Dissipation versus
Output Power (Bridge)
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igure 16 : Typical Application in Portable Players
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‘igure 17 : Application in Portable Radio Receivers
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figure 18 : Portable Radio Cassette Players
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} Figure 19 : Portable Stereo Radios
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Figure 20 : Low Cost Application in Portable Players (using only one 100itF output capacitor)
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Figure 21 : 3V Stereo Cassette Player with Motot Speed Control
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TDA2822M
MINIDIP PACKAGE MECHANICAL DATA
DI, mm inch
MIN. TYP. MAX. MIN, TYP. MAX.
A 3.32 0.131
at 0.51 0.020
B 1.15 165 0.045 0.065
0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
10.92 0.430
E 7.95 0.75 0.313 0.384
e 254 0.100
&3 7.62 0.300
o4 7.62 0.300
F 6.6 0.260
| 5.08 0.200
L 3.18 3.81 0.125 0.150
152 0.060
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Information furnished is believed 1o pe accurale and rellable. However, 8GS-THOMSON Mioroalectronlts assumes no responsibility
| for tne conseauences of use of such information nor for any Infringement of patents or other rights of third parties which may resuit
- trom its use. No license is granted by Implication or otherwise under any patent or patent rights of SG5-THOMSON Microelectronics,
| Specificauons mentioned In this nublication are subject to change without notice. This publication supersedes and replaces alt
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