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Function Generator is significant to the electrical instruments including the test of
measurement tools. This project presents the procedure to design and develop
** Programmable Function Generator ”  that record and program various- functions with the
frequency from 10 kHz to 100 kHz, controlled by Microcontroller. User can interact with

this device via computer system.
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anuirlumsSudsdoya (Baud Rate) 18 Fedasianuiilumsivdsdoyailnue o foz
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X
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Oscillator 114
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Baud Rate Mode 2 = X-TAL/64; SMOD = 0 Or
= X-TAL/32; SMOD = 1

START STOP
BIT, DATA BITS B D
[ P>,
\}(Domozosmososwl'**y
PARITY  NEXT
BIT DATA
START
BIT

s 2.14 ueasgadoys UART lulnuedi 2

Tnua 3 wziuTnuagaievesmsldnuneinfomsdoyasynsw UART awlu
9
gw Msc-51 lulvua 3 4 sefigedoyalumssuuazdedivon 11 Ta lavessdilsznoy
) A o ¥ Pt ' = & 0
vosyavoyntvmiounuygatayalylvuan 2 ynidszms ualvwan 3 Haunsasimun
Y ] @ v J j L ¥ W { )
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= Y] & o > o o ¥
aunsu UART lulnuan 1 Tumsldandesnlulmen 1 dusslidnyuzvosgadoya
P o 3 A o o ] & v Yy wa
Mdlumasguinll uazensadansefmuasasuslumsfomsdoyald vngaaulia
A [ 1 dw g0 o 4‘! 9 a T Q2 0 a
niomgransnaruilom lumsdssyndldnunesafoasdoyanaznaniwell sweduie
] v 1 e ¥ P v
densldauwesademsoynsuluinueii 1 WeduiiuglumsszgadlFaunesade
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§$azﬂa‘§li’5’a1mﬂww SBUF : Serial Data Buffer (Not Bit Addressable )
hi3dmeesAlddmsumssudedomsqadoyneynsy  Tavwsdmihudurnles

=) v 9 K v oA & Aa o dy = Y P ;’,’
( Buffer ) 49U 8 U Taanusotnnelussduiia Fe3immos SBUF #azintinnalums
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%ﬁmmﬂi’hmmww SCON : Serial Port Contrel Register (Bit Addressable )
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Wusmidudide sMo way sM1 Wueziludansunylumsiden nuamsfaunesadeas
Joyaoynsy  Inei1wasdenns199union1519nImeievein SMO tag SMI LARAIA

o
ATNN 2.3

a a A A S A ~
mseh 2.2 uaasdaniolusiames SCON ensldnunesadoasdoyasynsulnuaii 1

A a a
¥oun PRI
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yoiin Teazeen
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TI=1 ssuaasihigadeyagnateen lldlunfouiesudmisunzdedoyayade
v a v 9 4 g 9/ ° a da v q’:l
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a v} [ wa 3 A Jda 4 d'
SBUF uazin RI senauilu 1 Taesaludd sniiudoundesdn RI ooy

Sudeyayaluideld rI =1 Wumsuasehldsudeyafideunlifu1ihiGia
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v
P 1 P=1 a Jda 1
903 SBUF lasnsuniiidoundesin RI fou
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A13197 2.3 werasialumsnaugu Tvuamsldnudeiia SMo uaz SM1

SM0 SM1 Mode Description Baud Rate
0 0 0 SHIFT REGISTER Fosc./12
0 1 1 8 —Bit UART Variable
1 0 2 9 — Bit UART Fosc./64 OR Fosc./32
1 1 3 9 —Bit UART Variable

2.3.2 Imieslumshmuadasuilumsudedoya

TnfesneludrluTasaouTnsames Msc-51 yawesezlszneylfqeindues

¢ ¢ ay & g ¢ 0 Y d
0 ngvl‘ﬂm&lﬂi 1 Lmzmﬂ%zu"lﬂmms 2 luinuuesuss MSC - 51 Taomsmnuadasus?

[ 1 { o’/’ 4 4 @ o &
TumssudedoyaoynsuluTnuadi 1 ffuszldindwes 1 Wudifmua Baud Rate FHans

4 a‘z aa L a v 1 e
Tdau Indwesiuszgnaiunud s maes Idenumniz TMOD Tavilineaz@oadssie 1l

Jdamesl¥auaniz TMOD : Timer/Counter Mode Control Register ( Not Bit

Addressable )
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Timer 1 Timer 0
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gasIMsn ﬂTenast (Over Flow) ifulndwes 1 Tasdnvazyadoyavesiiames

2
PCON flaqil

J9@mes PCON : Power Control Register ( Not Bit Addressable)

SMOD - e = GF1 GFO PD IDL

Hedududnvazgluuuyadeyavesitmaes PCON awiudiia SMoOD wzeglu
funslngega (Most Significant Bit : MSB ) vesyadoya 8 dauaziimaes PCON o]
st limnsahddeynluszdutn’ld azdumsdam sMop lumsmugumsiAnTenod
T iflnlwed 1 duszamnsanszildlaensdsyateyansen: 8 Sminluliiames

PCON @46178814

MOV  PCON, #80H :Jn SMOD iy 1
MOV  PCON, #00H U9 SMOD 1fy 0

Y
at a @ =Y @ < @ 1
swazdvansldemds sMop szfluinlummiugudaanus lumsiuds
d o o o A o
Yoo ( Baud Rate ) IlnodrmingadanSedn sMoD fauilu 1w lddmsiudas
] ¥ v g g, Y
anuE lumssudsdoyatiy 2 mniues
a0 1 9/ s A vy .
nnfinarudrngduuylumsldaunesademsdoyaoynsuves Mcs-51  Wu
[ H Y v
awsahztagluuumsidauldte 4 Tnualeoselioddvued 1 uaz 3 winiuh
o Y o |4 lé o g o/ !
awsasmuasasanus lumsiudedeya’ld Fwaunsosmuasananudilumsiuds

& o {
Foya 18 Ferusadgd1daseunsi 1

Baud Rate = K x Oscillator Frequency (qumMsn 1)

32x12x[256-(TH1)]
P 1 A (Y SMOD Y g Y v q’/’
INTUNITN 1 A1 K IWCUAUNTINY 2 Tﬂﬂﬂ']ﬂﬂ‘i"Iﬂ'ﬂﬂﬁ'lcluﬂ'li'ﬂlﬁﬂ%ﬂll“auu

o '3 g 1 o @ <
sngiimssmuaduun ldauanudesnisud Tasanaspum e ldsananuss 4,800

a 1 a 3 Y { { 2] ]
W3e 9,600 iadeIuf (bps) Redudwsisdosnisvinaumsi 1 Afeaives THI

A94QR
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2 P - VA ° v ' P
Feewsoasuaunsn 1 1dluumenisdvianiaves THI 19 14auaA1 Baud Rate

518 mua lddsgumsn 2

Baud Rate = K x Oscillator Frequency (o ¥ 2 )

328 x Baud Rate

NNauMIi 2 awnsaasl uazuaadieg1emAN 9 ¥es THI Naunsanimua

o d 1Y 1 v {
8n31A52luMssudadeyaunsgIu (Baud Rate) fusaaalumsnn 2.5

A 1 =Y d =
ATTINN 2.5 UAAATNITINRADIAN ) °lumﬂ%’amwa{mﬁamimgﬂsﬂwuw 1

Baud Rate X-tal SMOD TH1 Reload Actual Error
Frequency Value Baud Rate

9,600 12.000 MHz 1 -7(F9H) 8,923 7%
2,400 12.000 MHz 0 -13(F3H) 2,404 0.16 %
1,200 12.000 MHz 0 -26(E6H) 1,202 0.16 %
9,300 12.060 MHz 1 -3(FDH) 19,200 0
9,600 11.059 MHz 0 -3(FDH) 9,600 0
2,400 11.059 MHz 0 -12(F4H) 2,400 0
1,200 11.059 MHz 0 -24(E8H) 1,200 0

i d : # a H o
1015190 2.5 sz lunsléany X-TAL Oscillator 12108 11.059 MHz 1y
o @ 1 @ ] 1 P
vamnsofmuasasanus lumssudideyn (Baud Rate) 1AM Actual Baud Rate 7
o I N a P '
asia lumsldaunesneynsuomsdoyaoynsululvuan 1 TasmsldomIndues 1
Py @ ° o g3 a (= a
Tulnwadt 2 dufimuguvieimuadasinnusi (Baud Rate )  #luTanufawain
a gy o [~ ) 4 o [
( Error ) iAndwasvsadlullaumgquiiues  Tavesmiuldiudiedeanisfimuadas
1~ @ (" & o [~ a 1A a 3 9 o a JIda
anwislumssudedoyaionsinnuda 9,600 dadeddi (bps) Hudesihinisnaeida
= I~ o < 1 Aaa L A 1 d
SMOD (gl 0) uaziimaiiamvesimans ldnwawiz THI Idlisuiu  FDH
° P A A g P o Pl 3
( 253 = FDH fnmsmualuaunmisn 2 ) wesvdumsidaulndwes 1 nuglddan

< [ 1 a 1A ~
mmaﬂumsmm%ga 9,600 TaA0IM (bps) ANADINS
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& o 3 o 1y A < & Yo 9 a
“]NE]G\S'lﬂ'nuﬁ'ﬂufn55'U?N‘UﬂuﬂﬂﬂﬁTnnﬂQIﬂUﬂﬁﬂﬂuu %gi‘ﬁﬂ'ﬂ‘ﬂﬂllacﬂlﬁlu1ﬂ

U QU

10 fin (Usznoudis saut Bit, foya 8 Tauaz Stop Bit) Fufluyadoyamasgilums
8128 Baud Rate fafina1an

Tavao lazvaundedunms@euTisunsulumslfaumesndoarseynsulasld
swlmfwed 1 lunuafi 2 Amuas Baud Rate Wiy 9,600 Tadeduti (bps) Fagio

198

ﬁ?ﬂd]diﬂi!!ﬂiuﬁ 1 Program Receive Data 1 Byte ( Not used Serial interrupt )
ORG 0000H
MOV SCON#50H  ;Used Serial Port Mode 1, REN=1, SM2=0
MOV PCON#00H  ; Set Bit SMOD =0
MOV TMOD#20H ;Set Timer 1 Mode 2 (0010 0000B )
MOV THI#0FDH  ;Baud Rate 9,600 Bit/s, X-TAL 11.069 MHz

CLR TI ; Ready To Transmit

JNC RINEXT ; Receive Data from Serial Port save in SBUF
NEXT: MOV A,SBUF ; Loop for send Data 1 Byte

END

faeenaldsunsaun 2 Program Receive Data 1 Byte (used serial interrupt)

ORG 0000H
JMP  MAIN
ORG 0023H ; Starting Address of Serial Interrupt

JMP  SERIAL_INT
MAIN: MOV SCON#50H ; Set Serial Port Mode 1, REN= 1, SM2=0
with Receive
MOV PCON#00H ; Set Bit SMOD =0
MOV TMOD,#20H ; Set Timer 1 Mode 2 (0010 0000B )
SETB EA ; Enable The Serial Port&Global Interrupt Bits
CLR RI ; Ready to Receive

LOOP: JMP LOOP ; Endless Loop ( Unless Interrupt occurs )
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SERIAL INT: ; Serial Interrupt Routine

CLR RI

MOV A,SBUF ; Move the Receive Data to Accumulator
RETI ; Exit The Serial Interrupt Routine

END

o ' o o o e o
vndretallsunsuit 1 Wluldsuasulumsfudeya 1 ludlasléinsasindn
a a o 1 @ J ] aa
Ta RI $da RI Saamzdu 1 duuaashidfudeyensy 1 lud weshuB3luiiames
i d ¥ £
SBUF ifuiiSoufeondnimes  ualuinsadelumsldonluinsaeuInsaneiiivernas 1y
a Jo o a ' Y oA o w 0
msouwes swaduniiduaelumssudeyaluszuned  cPu  Mdulssuranamsiem
A = 1 Y o g ¢ A ¥ a ' o a
du q egnwzaelimssudeyannnesadeomsdeyaeynsulinuuineutasidssdnam
.
WINBITY
¥ a do o v s A v g Y
Taamsidaudumes snanmssvdoyaninnesadomisdeyasynsuiimsoe 9oy
o a aa o < [
Serial Interrupt lumsadugumssudeyalaoida ps nwluidmmes P lumsdnszduy
v 9
anuiAyms 4 Serial Interrupt M3 MuBUMD T SWIRIRRNnTyaMNEUEMTLIZT
a . aa 4 g W Y
ia EA molusiames 1B Wudiniugums 4y
9 )
M3NUBY Serial Interrupt  Hudlofigadeyadmenn  RxD  vedlylns
4 o : Qaa g P i
aouInsames oyadoyagmirluify3lussames ssur WunGeuiesuds (stop Bit)

] a o o £ o ] 1 o [ a o u’:/’
CPU  n3g9NOUIABINA I NUIUBAATHYNVHIWA NV ANTINYNBULADITNAUUIS

LY

ld’c .y ] o @ (] @ [} I's ¥
ogfidumiia 0023H venuaeanws daedielifsunsumssudeyariumenesaifomsde

yaoynsulavmsldeiu Serial Interrupt narasludedielysunsun 2

2.4 MIAPANSHIUMS Serial Port 638 Visual Basic

'
a

¥ 4 v
M3@ou1U5unTuAPE15AIUNIG Serial Port @28 Visual Basic WU Aehdouiond
3
Uszneulideseaziduadane Uil
9 a A g ~ v 9 A o a d’;‘ . .
1. A994 MSComm Control H3INITUBDYUAANDNINIITAAAY Visual Basic
2. f¥UA Custom Control MSCOMM.OCX Tagmstion MSCOMM.OCX 910ty
] Y
Project -> Component -> Y1 Microsoft Comm Control 6.0 (Tﬂsaamﬁ“l%’ Visual Basic 6.0)

9218 Control MSComm ( 31/ Insfwyi) 1singludauves Toolbox
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3. 11 Control MSComm bl'ﬂvl%‘lu Form ﬁﬁ'mmﬂ‘i’f'mu
4. MYUA Properties 19 Control WY Function MAeI903AU MSComm
MSComm Control 1@ M5umsAnfefy Serial Port tNonsdsdoyaldiy Serial
é = - v 9 P}
Port %49ziinisAaasld 2 uuy Ao |
4 ¥ ¥ s . e A
1. MIToASUUUNITAUAINGMSD ( Event-driven communication ) wSoiiuns
~ Y Y a do o PN Y 53 a
@onNlsunsunnunszquatedunes swaiiums  Taudiolidoyadnineziia  CommEvent
.
YUNU Oncomm Events
2. MyAeasUULYAAY ( Pooling ) IABMIIUIOUATIVADUYOYADIN Serial Port
AanANa
9/ . @ 1 dy
MSComm Control UszneaulUAau Event 1ag Properties Aana 11l
1. MSCOMM CONTROL EVENTS
F4
=\ r-§ ] v Eé
MSComm Control 3%4 Event Lﬁtjd Event mmmmuﬁa OnComm Event 93
¥
Usznovu1d18 CommEvent Property @ 11l
- anamaranaialunsdeds szuanily CommEvent Property $991513% 2.6
¥ =Y Y g 4 1 o L} %3
- iefagouemfemsvumuamuzmsdomsusi lammua l3eels damss
P A v ~ - jroret ] Y A el
N 2.7 Fdwnndumseullsunsufadedemsuuusssvatfes 1feslud  CommEvent
Y ] U 0
[ Y ' . 1 = Y =30 3 /=t
Y 19 CommEvReceive, CommEvSend aufiugaananyanasiiont lanmualis

' é) o) 4 ' <]
[Sou lvanndiulumsasnaeumedyaa Teomwizmsdoaismunialuay

o MO AT/~ :
A19190 2.6 LRI CommEvent Property MiBinAmaHaNa 1A luMsToETS

CommEvent Property | A314%iN1Y

CommEventBreak 185udayanouusn

CommEventCDTO iAams Iniliond vasfiddsnesdyana CD ( Carrier Detect )

CommEventCTSTO Aams Iniliend vaizfis dsneudayana CTS ( Clear To Send)

CommEventDSRTO fiams lnfied waazﬁﬁﬁmaaﬁmwm DSR ( Data Set Ready )

CommEventFrame anTuRanaamasy ﬁa'lajwuﬁm?fyuqmmﬁmﬁwﬂu

CommEventOverrun RannufanataTenoiiu fensfisudeyabivumsusziu
M

CommEventRxOver TiesSudeyaiinlones Tnad Aesuidaysudainmsfy
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ComEvent Property ANNHUE

EOF Char ’
CommEventRxParity s fianuRaNaIAaNTSA AesnusAsuT#Tin3a higndes
CommEventTxFull Tilinesidedoyaiiy
CommEventDCB amuRanaafifiaty Tag i lanngs

4 4 A 4 ~3
M9NN 2.7 udAd CommEvent Property Wefaaauzmidensvy

CommEvent Property

AITNHUTY

. 4 gl P o
CD ( Carrier Detect ) Hiniavuiefonovoadaygial Receive

ComEvCD
Line Signal Detect (RLSD )
4 a 4 a &
ComEvCTS CTS (Clear To Send) Lll’f)iJﬂ'liL‘iJﬁEl‘Nﬁﬂ?N&ﬂﬂ‘Uu
Y 4 o 4
ComEvDSR DSR (Data Set Ready) lWeilinisitfoudoiuziiniy
ComEvRing Lﬁﬂﬂi%%%ﬁﬁigimm Ring Indicator &
J A4 yvo 9 d
ComEvReceive ma"lmmmgamum‘lu InputBuffer
ComEvSend Lﬁﬂﬁﬂ%@nvaﬂﬂﬂmﬂ OutputBuffer
ComEvEof iewudnuse EOF (End Of File)

2. MSCOMM CONTROL PROPERTY

MSComm Control Property Usznou11/@ae Property dan1s1an 2.8

A15197 2.8 LAAY Property MSComm Control Property

Property AN
o ) o o
Break fruanIoIN BT Ty IMUTA
CDHolding A3 doUTyaNs Carrier Detect Mdenafianuzognie
CDTimeout Amuamvseoldmueanal (wide Jaaand) Nsedygnu

Carrier Detect

CommEvent

w“lﬁwammﬂmﬁﬂ Event ¥9¢ Communication

CommlID

219 NavDIMISIEARaYDY Communication Nidlaldeg
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Property AITNTINIE

CTSHolding A5 ADUAYYIUVOS Clear To Send (CTS )Nensiianruzey
50 1

CTSTimeout Smuasmieldawean (miw Tad%uf) fsedaymna
Clear To Send

DSRHolding A3790OUFYY19 Data Set Ready (DSR)

DSR Timeout Savuasvieliavewda (niae Taddwi) fisedayano Data
Set Ready

DSREnable IAduninawuosden el Data Time Ready (DTR)

Handshaking Smuanisusudamsaiaua ensunsnaeumssudedoya

InBufferCount Iimvesdmndeyaiisengluiessudoya

InBufferSize smuaneldmvinavesiimesSudeya

Input TWamseinaouiedeyannivmesiudeya

InputLen SmuanieldtvessuaudeyafithnniniWimessudeya

Interval fmuasananuiavesms e luTnuayade

NullDiscard fwualilinsfy Null Character Huasluimimessudeya

OutBufferCount IiAwesi naudeyaiiseay lutilesdsdoya

OutBufferSize Smuanisldmunavenivivesdedoyn

Output dedoynlifusilesdedoyaifioshmsdadoyasen

ParityReplace Humsmmualidesnuseidmuaimmaianisianainlu
LG

PortOpen umsimuanielimwesanznedainllansollang

Rthreshold fmuanieldawesinaudoyafifvacluiiidesFudeyanou
A3IAA CommEvent lumsiudeya

RTSEnable dundiadys 1M Request To Send

Settings fAmunasasiuen wi3a doyn Tavye

Sthreshold Smuanie A wossaudeyafifuaslutiiesdedoyanon

QG

MsiAA CommEvent lumsdadoya
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Fadfigfidesdmuaitold MSCOMM Control thamwIdde

1. ﬁmué ComPort 1a81% ComPort Property 1% MSComm1.CommPort = 1 fip
fmualily coml

2. fMMUA Setting Taeld Setting Property 15U MSComm1.Setting = “ 9,600, N,
8, 1 ” Ao muald 9,600 bps, No Parity, 8 data, and 1 stop bit

3. fMYUA InputLen T 14 InputLen Property 1Y MSComl.Inputlen = 0 Aems
°1ﬁ'§3ma'e)'1u‘ﬁ'agaﬁyawuﬂiuﬁmwaﬁﬁaﬁmﬂ% Input Property

4. MYUA PortOpen Taeld PortOpen Property 1¥U MSComm!.PortOpen = True
Wumsdanednldau

5. fMuA  Rthreshold Property  tiedpans 1am Event — Driven (%Y

= 3 § a o do
MSComm1 Rthreshold = 1 1Hifin Event — Driven ynniailofifoyalusivinessudeya



a
unn 3

MIMuInazMIa3g

3.1 mIsanliUl

f. Phase P | Digital Signal
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Digital Signal D-A -V RoE Output
CONVERTER CONVERTER
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won, wesa LCD dmsumsaeldudy LCD wuy DOT MATRIX

- 9993 SERIAL INTERFACE DRIVER RS232 wei MAX232 sedhfiuimnieq
Tulnsnouitanes
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iiesnnlulnsaeuInamesiwes socs2 finhoanuieyamelusgiman 256
S A v Y] 2 14 o Ay ' o ¥
lud Fafisawedontsldnuishiianuiuiiuidesldmizenuifeyanouen
4 1 @ ° 4 ° a 1
Tumsiende ANT-32 funsesiuiludesldweiameueniiuau 32 dn us 89Cs2
o < U a @ 3 A A [ 3
finosfndunaioniyaeg 24 e dufuivoiunoinnouendaldlofiues 8255 §wau 2
@ i
J a4 P Jd [} @ 3 = J a J
Tuvein ANT-32 #ilofiues 8255 of 2 @1 mizRsiuIzineIABUNNADINHYA
o <\ v lé A o v
$wu 24x2 = 48 fin Teswuilu USER PORT 1 oz 2 dsiidumiweamsmiazms
¥
M feil

USER PORT 1 UoAAIA F8OOH + 8255 offset addr = actual addr

weim A ueAAIA FSO00H + 00H = F800H
Wosw B ueAAsE FSO0H + O1H ~ F801H
WOSMC  uBAATE F8OOH + 02H ~ F802H
 Tnuawesa ueaAse FS00H + 03H = F803H
USERPORT2  oaasa FCOOH + 8255 offset addr = actual addr
WOSMA  LeAAIE FCOOH + 00H = FCOOH
WOSAB  UBANATH FCOOH +O01H = FCOIH
WS C - ueRIASE FCOOH + 02H = FCO2H
TnuAnosa ueAAsE FCOOH + 03H = FCO3H

nawesalu USER PORT 1 uaz 2 Mifluerinawesa Tasutanmsldauneiamien

oonff

ur1A 1¥dedoyalumsilsudyga (DATA: DO-D7)

UP1B ldasdmnislumsiloudeyn o ( ADDRESS : AO— A7)

vpiCc Mdaedumislums@oudeya o ( ADDRESS : A8—A10)

UP2A 1¥dsA1nmuE (DATA ADDER : DAO-DA7)

UP2B 1¥damnnud (DATA ADDER : DAS - DA9 )

up2c denndengidaygnm (READ : RO-R3/WRITE : WO - W3)
Winung : dgywyn READ /WRITE SIGNAL a¢14iafl 7 lunesn upic
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0000H

8000H

F800H

FAOOH

FCOOH

FEOOH

FFFFH

3.3 MSINHUDINDT

U2 (0000H-7FFFH) U3 (0000H-7FFFH)
CODE PROGRAM DATA MEMORY
EPROM RAM (backup)
2764 6264

27128

27256 62256

U4 (8000H-F7FFH) CODE AND DATA MEMORY

EPROM EEPROM RAM
2764 - 2864 6264
27256 28256 62256

U10 (F800H-F9FFH) 8255 USER PORT 1

(FAOOH-FBFFH) LCD PORT

Ul1 (FCOOH-FDFFH) 8255 USER PORT 2

RESERVE
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7415374 azgniloundunuiuBune (input ) vosyauemwes ( Full Adder) 4 i
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lay Wose UP2B
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a J @ @ a £ g
ilusunavosjaueamesiffuseunudimazvesdyananniint 7.159 MHz (f) ¥uilu
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3 =

dyanauildnnmamsanudasdaaea (X-Tal) 14.318 MHz 1agr1u D flip-flop 74LS74
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ToaTny (Oscilloscope ) 1o amdggranevivai 14
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Fuaoulumsnaasaiidedo lilil

1. @lalusunsu Visual Basic -—> WalWd GENwvbp

vy v

wilwezuaauuyldiden Inuansfiiey (CHOOSE /RECORD ) > aaniweiaeninug

msvhauiesien;ldyana vieszliufinmidaym s
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nsdidenlnunmsdengilfeana (CHOOSE)
.
- adnfengidgyeit (CHOOSE)

IPYMAMND (1 kHz - 100 kHz)
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- ANNANAY ('1,!1‘ OK) lﬂﬂﬂ"lﬂ'ﬁaulﬂﬂ{lﬂﬂﬁay’ﬁ

ay U A4 o a Jd1 g
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10N 42 mwnaauwydmsumsidenildyanauazmsfimuannud
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H

Tek HTE 5MS/s ‘ 11 Acgs
T.

=

Ch1 Ampl
24.2V

ch1 Freq
20.33kHz

Ch1 Pk-Pk
264V

Cht High
121V

A ERY ) TP

tgq]" 5V R B 1 TTTS ) 11 N A -
Ref1 100mv 25ms 29 Mar 2001
20:12:3%

g

= 4 o =
JUN 4.3 uaasgddyaudmasy Aud 20 kHz
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Ch1 Ampl
24.2V

Ch1 Freq
50.96kHz

Ch1 Pk—-Pk
26.2V

Ch1 High
121V

29 Mar 2001
20:14:37

¥l 4.4 uanegUdtyry uBmAEn AND 50 kHz

Tek HXXR 20MS/s 18 Acgs
i, o

Ch1 Ampl
24.2V

- e U

Ch1 Freq
101.8kHz

Ch1 Pk-Pk
26.4V

Ch1 High
12.13

xxxxxxxxx

M 25 Chi- 715V

29 Mar 2001
20:18:31

UM 4.5 uaasgUdygadmvdon aawd 100 kHz



Tek BIGIEH 5MS/s 11 Acgs
% o

e

Ch1 Ampl
224V
Unstable
histogram

Ch1 Freq
20.28kHz
Unstable
histogram

Ch1 Pk-Pk
24.2V

Ch1 High
10.89 V
Unstable
histogram

gﬂ?‘ F L G A M AN CR NS~ 13 V
ef1  100mv 25ms 29 Mar 2001
20:29:39

o o
JUN 4.6 wuamagUdryrmuanivaen D 20 kHz

Tek STE 10MS/s 18 Acqs
i I T

Ch1 Ampl
18.2V
Unstable
histogram

Ch1 Freq
50.91kHz
Unstable
histogram

Ch1 Pk-Pk
24V

Cthlgh

11.7
Unstable
histogram

{ N T T I IV ST PR AT I T

I%ﬂ;l 5V M~ SHs CR1 15V

ef1  100my 25ms 29 Mar 2001
20:20:51

a P =
JUN 4.7 uamsgUdygrusumieN AcMD 50 kHz
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11 Acgs
F

Tek EXTH 20MS/s

Ch1 Ampl
23.6V

histogram

Ch1 Freq
101.3kHz
Unstable
histogram

Ch1 Pk—-Pk
24,2V

Ch1 High
11.7

Unstable

histogram

EEFI 100mv 25ms 29 Mar 2001
20:23:21

gﬂﬁ 4.8 uamgLdtynuaumsy A3 100 kHz

Tek HIIH SMS/s 8 Acgs
-

Cht Ampl
14.8V
Unstable
histogram

Ch1 Freq
20.38kHz
Unstable
histogram

Ch1 Pk—Pk
25.2V

Ch1 High
11.5

Unstable

histogram

29 Mar 2001
20:32:02

a a4 X
3N 4.9 wanepdyooetuides () Aaill 20 KHz
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Repl 100my 25ms

VI of 11 Y S L8

Ch1 Ampl
10.8V
Unstable

histogram

Ch1 Freq
51.02kHz
Unstable
histogram

Ch1 Pk-Pk
23.8V

Unstable
histogram

29 Mar 2001
20:34:12

- X =
gﬂﬁ 4.10 ummgﬂ&’mmwmﬁm&‘w (Au) AMD 50 kHz

Tek EITeR 20MS/s 6 Acqs
H L - 1l i
i L i B 1

‘!.!.x.g“v-.!‘!...X!‘.“
%eFI 100mv 25ms

“MZ3Es T ST 15V

Ch1 Ampl
18.2V
Unstable
histogram

Ch1 Freq
101.8kHz
Unstable
histogram

Ch1 Pk-Pk
22V

Ch1 High
. 11.3

Unstable
histogram

29 Mar 2001
20:36:17

' R
g 4.11 uassgUdyouiuiaes () Al 100 KHz
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Tek HGIE SMS/s 11 Acgs
H T

Ch1 Ampl
20V
Unstable
histogram

Ch1 Freq

20.39kHz
Unstable
histogram

Ch1 Pk-Pk
23.6V

Ch1 High
5.3\
Unstable
histogram

[gqu 5V ST GRS ChT o 15V
e

100my 25ms 29 Mar 2001

20:38:59

gﬂ‘i{ 4.12 uﬂmgﬂﬁmmmﬁunﬁaﬂ (89) ATIE 20 kHz

unstable
histogram

Ch1 Freq
50.25kHz
Low signal
amplitude

Chl Pk-Pk
22.2V

Cht High
43y
Unstable
histogram

qu """ gy TeWTUSIE ChT A TTTTS Y
Refl 100mv  25ms 29 Mar 2001
20:41:06

717 4.13 uansgUdryaAes (A1) A 50 KHz
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Tek EXE8 20MS/s 24 Acqs
i =

Ch1 Ampl
1 10.8V

- Unstable
histogram

Ch1 Freq
101kHz
Unstable
histogram

Ch1 Pk—Pk
20.6V

Ch1 High
500mV

I%q] 3 2T A N SHSOCh T~ 7 B 15
efl 100mvy 25ms 29 Mar 2001
20:43:28

gﬂ«?i 4.14 uapagUdyqoshuies (&) AR 100 kHz

Tek SGIH 5MS/s 9 Acgs
H X

Unstable
histogram

Ch1 Freq
20.32kHz2
Unstable
histogram

Ch1 Pk-Pk
24.6 V

Ch1 High
12.1V

1 1R S ¥ B 1/ VEJ0 o 7} R A 127
T oomv  25ms 29 Mar 2001
20:46:20

& -
Uit 4.15 uamegUdryeynaBivaanpnamy Al 20 kHz
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Ch1 Ampl
11.8V
Unstable
histogram

Cht Freq
50.93kH2z
Unstable
histogram

Ch1 Pk-Pk
24.2V

Ch1 High
12.1

%q] 5V ' "M*“:%néi'(:h'f;.’r" 5V
ef1  100my 25ms 29 Mar 2001
20:48:26
N Y -
qun 4.16 megﬂﬁmm'xmﬁmaauqu AIND 50 kHz

Tek SGTR 20MS/s 26 Acqgs
i b7

Ch1 Ampl
14.8V
Unstable
histogram

Ch1 Freq
101.8kHz
Unstable
histogram

Ch1 Pk-Pk
24V

c€h1 High
12.1V

AR AR A

I%q]"'*sv M 25ps ChT 715V
efl 100mv  25ms 29 Mar 2001
20:50:35

s O A ST SN TR I

U 417 uanegUdtyryrnuBvAsAnany AN 100 kHz



Tek BIIH SMS/s

=
-

43

Ch1 Ampl
24.2V

Ch1 Freq
20.39kHz

A PN

Ch1 Pk—-Pk
25V

Ch1 High
12.1V

5V

ef1  100my

o 4 4 =
7R 4.18 uﬁmqp.lz&yrmmﬁmaﬂu (1end) AND 20 kHz

Tek HETH 10Ms/s

i I.
{i L

25ms

44 Acqgs
T

R\ O T

URCREA * LER A )

T

RN R

...x...,v
Eeh

100mv

. ;. , .
U7 419 usagUdtynn@vden (1el) Anud 50 kHz

25ms

29 Mar 2001
20:57:36

Ch1 Ampl
24.2V

Ch1 Freq
51.06kHz

Ch1 Pk-Pk
24.8V

Ch1 High
12.13

29 Mar 2001
20:59:45
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llsunsumuniwrandailivtwnesmaniunululasneulnsames

Option Explicit

Dim bufter

Dim FO

Dim N

Dim NO

Dim N1

Dim N2

Dim N3

Dim N4

Private Sub Command1_Click()

If Optionl.Valuec Then
buffer =0

Elself Option2.Value Then
bufter = |

Elself Option3.Value Then
buffer =2

Elself Option4.Value Then
buffer =3

Elself Option5.Value Then
buffer = 4

Elself Option6.Value Then
buffer=5

End If

FO = 1000 * Val(Textl.Text)
N=F0*2"16)/(7*10"6)
NO = Round(N - 0.5, 0)



N1 =Round(NO /256 - 0.5, 0)
N2 =NO - (N1 * 256)
N3 =Round(N2/16 - 0.5, 0)

N4 =N2 - (N3 * 16)

Text5. Text = buffer
Text2. Text = N1
Text3.Text = N3
Textd. Text = N4
MSComm1.PortOpen = True
If MSComm1.PortOpen Then
MSComm1.Output = Chr$(16) & Chr$(buffer) & Chr$(N1) & Chr$(N3) & Chr§(N4)
End If

MSComm1.PortOpen = False

I_End Sub

Private Sub Command2_Click()
End
End Sub

Private Sub Command3_Click()
Textl. Text=""
Text2. Text=""
Text3. Text=""
Textd. Text=""
TextS5. Text=""

End Sub

Private Sub Form_Load()



MSComm1.Settings = "9600,n,8,1"
MSComm1.CommPort = 1
MSComml.InputLen = 1
MSComm1.RThreshold = 1

End Sub



UPIA
uP1B
UP1C
UP1P

UP2A
UP2B
upP2C

up2p

TTLIO:

Tusunsununu « inFesdudadayanuiialisunsale »

ORG 0000H

VARIABLE SET

** USER PORT 1 **

EQU O0F800H ; PORT A
EQU  OF801H ; PORTB
EQU O0F802H ; PORTC
EQU O0F803H ; MODE PORT
** USER PORT 2 **

EQU OFCOOH ; PORT A
EQU OFCO1H ; PORT B
EQU OFCO02H ; PORTC
EQU O0FCO03H ; MODE PORT

MOV  A#30H ; SET CONTROL CODE

MOV DPTR#UPIP ; USER PORT 1A

MOVX @DPTR,A ; PLAPIB P1C= OUTPUT
MOV DPTR#UP2P ; USER PORT 2A

MOVX @DPTR,A ; P2A P2B P2C = OUTPUT

** SET SERIAL PORT **

MOV PCON#00H ; SMOD=0

MOV TMOD,#20H ; TIMER 1 MODE 2

MOV THI1,#0FDH ; 9,600 BORD

MOV SCON,#50H ; SERIAL MODE 1 REN =1

SETB TRI ; SET BIT TR1

** START PROGRAM **



WAIT: INB  RIWAIT
CLR RI
MOV A,SBUF
CINE
SIMP READ
WAIT1:CINE
SIMP REC

SIMP WAIT

; ** READ LOOP **

READ: MOV A#00H
MOV RO,A
MOV DPTR #UPIC
MOVX @DPTR,A
MOV DPTR#UPIA
MOVX @DPTR,A
SIGNAL: JNB RI,SIGNAL
CLR RI
MOV  A,SBUF
MOV RIA
MOV DPTR #UP2C
MOVX @DPTR,A
FREQI:JNB  RIFREQI

CLR RI

A#10H,WAIT1

AHOFH,WAIT2 ;

bl

; WAIT FOR RECEIVE
; CLEAR RI
; MOVE SBUF TO A

; COMPARE A WITH 10H

3

COMPARE A WITH 0FH

IF A = 0FH CONTINOU

JUMP TO WAIT AGAIN

A =00H

MOVE A TO RO
MOVE UP1C TO DPTR
SENT A TO UPIC
CLEAR UP1A

UP1A = 00H

WAIT FOR RECEIVE
CLEARRI

; MOVE SBUFTO A
RI=A < SIGNAL >
MOVE UP1A TO DPTR

; SENT A TO UP2C

; WAIT FOR RECEIVE

; CLEARRI

; IF A =0FH CONTINOU

(16)



FREQ2:

FREQ3:

REC:

MOV  A,SBUF ; MOVE SBUFTO A
MOV DPTR#UP2B ; MOVE UP2B TO DPTR

MOVX @DPTR,A ; SENT A TO UP2B
JNB  RI,FREQ2 ; WAIT FOR RECEIVE
CLR RI ; CLEARRI

MOV  ASBUF ; MOVE SBUFTO A
SWAP A ; CHANGE LO BIT TO HI BI'T
MOV  R2,A ; MOVE A TO R2

JNB  RLFREQ3 ; WAIT FOR RECEIVE
CLR RI ; CLEARRI

MOV  A,SBUF ; MOVE SBUFTO A
ADD AJR2 ; ADDA & R2==>A

MOV  DPTR#UP2A ; MOVE UP2A TO DPTR
MOVX @DPTR,A ; SENT A TO UP2A
MOV A #OFH ; AS'OFH

MOV DPTR#UPIB ; SENT TO UP1B

MOVX @DPTR,A ; SENT OFH TO UP1B
SIMP  WAIT ; JUMP TO WAIT

JNB  RI,START ; WAIT FOR RECEIVE <START ADDRESS >
CLR RI ; CLEAR RI

MOV  A,SBUF ; MOVE SBUF TO A

MOV  OFOH,#08H ; B=8H

MUL AB ; A=A*B ==>START ADDRESS



MOV 083H,A ; DPH =< START ADDRESS >
ADD A#O8H ; ADD 08H TO A
MOV R3,A ; R3=A ==>END OF ADDRESS
MOV  082H,#00H ; DPL=0
MOV  04H,#083H ; R4 =ADDRESS OF DPH
DATAL: JNB  RI,DATAI ; WAIT FOR RECEIVE < DATA >
CLR RI ; CLEARRI
MOV A,SBUF ; MOVE SBUF TO A
SWAP A ; SENT TO HI BIT
MOV R6,A ; MOVE A TOR6
DATAZ2: JNB  RI,DATA2 ; WAIT FOR RECEIVE <DATA >
CLR RI ; CLEARRI
MOV  A,SBUF ; MOVE SBUF TO A
ADD ARG ; ADD HI BIT & LO BIT
MOVX @DPTR,A ; MOVE A TO DPTR
INC  DPTR ; DPTR =DPTR + 1
MOV  A,083H ; MOVE DPH TO A
CJNE A,03H,DATA1 ; JUMP IF DPH NOT = END ADDRESS
AJMP  WAIT ; JUMP TO WAIT

END



UPIA
UPIB
UP1C

UP1P

UP2A
UP2B
UP2C

UP2P

TTLIO:

Tsunsugeamananitlumsinfingyduans
RECORD WAVE
ORG 0000H
VARIABLE SET
** UUSER PORT 47}

EQU OF800H ; PORT A
EQU O0F801H ; PORT B
EQU O0F802H ; PORTC
EQU O0F803H ; MODE PORT

** USER PORT 2 **

EQU OFCOOH ; PORT A
EQU O0OFCO1H ; PORTB
EQU OFCO02H ; PORTC
EQU OFCO3H ; MODE PORT

MOV A #80H ; SET CONTROL CODE
MOV DPTR#UPIP ; USER PORT 1A
MOVX @DPTR,A ; PLAPIB P1C=OUTPUT
MOV DPTR#UP2P ; USER PORT 2A

MOVX @DPTR,A ; P2A P2B P2C = OUTPUT

; sk GTART PROGRAM (SQARE) ¥**¥#d¥* << OK - 2K >>



MOV RI#83H
MOV DPTR,#00H ;

LOOP1:MOV A #OFFH
MOVX @DPTR,A
INC  DPTR §
MOV A,DPH
CINE A#04H,LOOP1 ;

LOOP2:MOV  A#00H ;
MOVX @DPTR,A
INC DPTR :
MOV A,DPH
CINE  A#08H,LOOP2 ;

; ** START SAWTOOTH

MOV  A#00H :
MOV RO,A ;

MOV RILA A

LOOP3:MOV  A,RI ;
MOVX @DPTR,A
INC DPTR ;
INC RO ;
CINE RO,#08H,LOOP3
MOV  RO,#00H
INC RI

MOV A,DPH

; R1 =DPH
START DPTR AT OH

; A=255
; MOVE 255 TO DPTR

INCREAT DPTR

JUMP IF HI BIT NOT = 04H

A=0
; MOVE 0 TO DPTR

INCREAT DPTR

JUMP IF HI BIT NOT = 08H

&« <<2K -4K>>

A =00H
RO = 00H
R1=00H

A=RI

; MOVE 00H TO DPTR
INCREAT DPTR
INCREAT RO

; JUMP IF RONOT = 4

; SETRO=0



CJNE

A#10H,LOOP3 ; JUMP IF HI BIT NOT = 10H << DPTR = 1000H >>

; ** START SAWTOOTH BACK ** << 4K - 6K >>

MOV A #00H ; A=00H
MOV ROA ; RO =00H
MOV RI1,#0FFH ; Rl =FFH
LOOP4:MOV ARl ; A=RI1
MOVX @DPTR,A ; MOVE 255 TO DPTR
INC DPTR ; INCREAT DPTR
INC RO ; INCREAT RO
CINE RO,#08H,LOOP4 ; JUMP IF RO NOT = 4
MOV  RO,#00H ; SETRO=0
DEC Rl
MOV A,DPH
CINE A#18H,LOOP4 ; JUMP IF HI BIT NOT = 18H << DPTR = 1800H >>

: ** START TRIANGLE (UP) ** <<6K -7K,7K-8K>> _

MOV A #00H ; A=00H
MOV RO,A ; RO=00H
MOV RILA ; R1 =00H
LOOPS:MOV  AR1 ; A=RI
MOVX @DPTR,A ; MOVE 255 TO DPTR
INC  DPTR ; INCREAT DPTR
INC RO ; INCREAT RO
CINE RO,#04H,LOOPS ; JUMP IF RONOT =4
MOV  RO,#00H ; SETRO=0



INC RI
MOV A,DPH
CINE A #1CH,LOOPS; JUMP IF HI BIT NOT = 10H << DPTR = 1000H >>

: ** START TRIANGLE (DOWN) ** << 7K - 8K >>

MOV A #00H ; A=00H
MOV RO,A ; RO=00H
MOV RI,#0FFH ; Rl =FFH
LOOP6:MOV A1 + A=\l
MOVX @DPTR,A ; MOVE 255 TO DPTR
INC DPTR ; INCREAT DPTR
INC RO ; INCREAT RO
CJNE RO,#04H,LOOP6 ; JUMP IF RO NOT =4
MOV  RO,#00H ; SETRO=0
DEC RI
MOV A,DPH

CINE A, #20H,LOOP6 ; JUMP IF HI BIT NOT =20H << DPTR = 2000H >>

sk START PROGRAM (SQARE) *#*##*% - << 8K - 9K , 9K - 10K >>

MOV RI1,#83H ; R1 =DPH
MOV DPTR,#00H ; START DPTR AT OH

LOOP7:MOV A #OFFH ; A=255
MOVX @DPTR,A ; MOVE 255 TODPTR
INC DPTR ; INCREAT DPTR

MOV A,DPH



CINE  A,#24H,LOOP7 ; JUMP IF HI BIT NOT = 24H

LOOP8:MOV ARI ; A=RI
MOVX @DPTR,A ; MOVE 255 TO DPTR
INC  DPTR ; INCREAT DPTR
INC RO ; INCREAT RO
CINE RO,#04H,LOOPS8 ; JUMP IF RO NOT = 4
MOV  RO,#00H ; SETRO=0
DEC RI
MOV  A,DPH

CINE A,#28H,LOOP8 ; JUMP IF HI BIT NOT = 28H << DPTR = 2800H >>

; ** START SINE-SQUARE ** << 10K - 12K >>
MOV A #00H : A= 00H
MOV RO,A ~ ; RO=00H
MOV RI,A ; R1=00H
LOOP9:MOV  A,RI ; A=R1
MOVX @DPTR,A ; MOVE 255 TO DPTR
INC DPTR ; INCREAT DPTR
INC RO ; INCREAT RO
CINE RO#02H,LOOP9 ; JUMP IF RONOT = 2
MOV  RO,#00H ; SETRO=0
INC RI
MOV A,DPH

CINE A#2AH,LOOP9; JUMP IF HI BIT NOT =2AH << DPTR = 2A00H >>

LOOPI10: MOV A #OFFH ; A=255



MOVX @DPTR,A
INC DPTR
MOV A,DPH

CINE A#2CH,LOOP10

MOV  A#00H

MOV RO,A

MOV RI1#0FFH
LOOP11: MOV ARI

MOVX @DPTR,A

INC DPTR

INC RO

CINE RO,#02H,LOOPI11

MOV RO0,#00H
DEC RI
MOV A,DPH

b

bl

-}

b

b

b

CINE A#2EH,LOOPI1

LOOP12: MOV  A#00H
MOVX @DPTR,A
INC DPTR

MOV  A,DPH

- 4

CINE A#30H,LOOPI10

END

; MOVE 255 TO DPTR
INCREAT DPTR

; JUMP IF HI BIT NOT = 2CH

; A=00H
; RO=00H
; Rl =FFH
; A=RI1
; MOVE 255 TO DPTR
; INCREAT DPTR
; INCREAT RO

; JUMP IF RO NOT = 2
; SETRO=0

; JUMP IF HI BIT NOT = 2EH << DPTR = 2EQ0H >>

; A=00
; MOVE TO DPTR

INCREAT DPTR

; JUMP IF HI BIT NOT = 30H
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{5 DALL

SEMICONDUCTOR

FEATURES |
10 years minimum data retention in the
absence of external power

Data is automatically protected during power
loss

Replaces 32k x 8 volatile static RAM,
EEPROM or Flash memory

Unlimited write cycles

Low-power CMOS

Read and write access times as fast as 70 ns
Lithium energy source is electrically
disconnected to retain freshness until power is
applied for the first time

Full £10% V¢ operating range (DS1230Y)
Optional +5% V¢ operating range
(DS1230AB)

Optional industrial temperature range of
-40°C to +85°C, designated IND

JEDEC standard 28-pin DIP package

New PowerCap Module (PCM) package

' Directly surface-mountable module

Replaceable snap-on PowerCap provides
lithium backup battery

Standardized pinout for all nonvolatile
SRAM products

Detachment feature on PowerCap allows
easy removal using a regular screwdriver

DS1230
256k Nonvolatile SRAM

PIN ASSIGNMENT
INTER T 280 Ve
A2 2 278 WE
AT H3 w8 A3
A6 4 50 A8
I E 240 A9
AL 6 230 AN
A3 |7 20 OE
A2 f8 210 A10
A1 9 20 CE
A0 10 19 pQ7
poo AU 188 pas
pan [ 12 78 pos
paz W13 N oo
GND fi 14 158 Dpas3

28-Pin ENCAPSULATED PACKAGE
740-mil EXTENDED

= 3
NC 3 32
¢ S 4
WE 6 29
FE7 g 2
DEEI_ 9 : 26
DQ6 10 25
DQS5 11 24
DQ4 12 23
DQ3 13 GND Vpar 22
DQ2 1 21
=S 2
81(\1)00 17 18
34-Pin POWERCAP MODULE (PCM)
(USES DS9034PC POWERCAP)
PIN DESCRIPTION
A0-Al4 - Address Inputs
DQO - DQ7 - Data In/Data Out
CE - Chip Enable
WE - Write Enable
OE - Output Enable
Vee - Power (+5V)
GND - Ground
NC - No Connect

1of12
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DS1230Y/AB

DESCRIPTION

The DS1230 256k Nonvolatile SRAMs are 262,144-bit, fully static, nonvolatile SRAMs organized as
32,768 words by 8 bits. Each NV SRAM has a self-contained lithinm energy source and control circuitry
which constantly monitors V¢c for an out-of-tolerance condition. When such a condition occurs, the
lithium energy source is automatically switched on and write protection is unconditionally enabled to
prevent data corruption. DIP-package DS1230 devices can be used in place of existing 32k x 8 static
RAMs directly conforming to the popular bytewide 28-pin DIP standard. The DIP devices also match the
pinout of 28256 EEPROMs, allowing direct substitution while enhancing performance. DS1230 devices
in the Low Profile Module package are specifically designed for surface-mount applications. There is no
limit on the number of write cycles that can be executed and no additional support circuitry is required for
microprocessor interfacing.

READ MODE

The DS1230 devices execute a read cycle whenever WE (Write Enable) is inactive (high) and CE (Chip
Enable) and OE (Output Enable) are active (low). The unique address specified by the 15 address inputs
(Ao - Ays) defines which of the 32,768 bytes of data is to be accessed. Valid data will be available to the
eight data output drivers within tacc (Access Time) after the last address input signal is stable, providing
that CE and OE (Qutput Enable) access times are also satisfied. If OF and CE access times are not
satisfied, then data access must be measured from the later-occurring signal (CE or OE ) and the limiting
parameter is either tco for CE or tog for OF rather than address access.

WRITE MODE

The DS1230 devices execute a write cycle whenever the WE and CE signals are active (low) after
address inputs are stable. The later-occurring falling edge of CE or WE will determine the start of the
write cycle. The write cycle is terminated by the earlier rising edge of CE or WE . All address inputs must
be kept valid throughout the write cycle. WE must return to the high state for a minimum recovery time
(twr) before another cycle can be initiated. The OE control signal should be kept inactive (high) during
write cycles to avoid bus contention. However, if the output drivers are enabled (CE and OE active) then
WE will disable the outputs in topw from its falling edge.

DATA RETENTION MODE _

The DS1230AB provides full functional capability for V¢ greater than 4.75 volts and write protects by
4.5 volts. The DS1230Y provides full functional capability for V¢ greater than 4.5 volts and write
protects by 4.25 volts. Data is maintained in the absence of V¢ without any additional support circuitry.
The nonvolatile static RAMs constantly monitor V¢c. Should the supply voltage decay, the NV SRAMs
automatically write protect themselves, all inputs become “don’t care,” and all outputs become high-
impedance. As V¢ falls below approximately 3.0 volts, a power switching circuit connects the lithium
energy source to RAM to retain data. During power-up, when V¢ rises above approximately 3.0 volts
the power switching circuit connects external Vcc to RAM and disconnects the lithium energy source.
Normal RAM operation can resume after V¢c exceeds 4.75 volts for the DS1230AB and 4.5 volts for the
DS1230Y.

FRESHNESS SEAL

Each DS1230 device is shipped from Dallas Semiconductor with its lithium energy source disconnected,
guaranteeing full energy capacity. When Vc is first applied at a level greater than 4.25 volts, the lithium
energy source is enabled for battery back-up operation.

20f12



DS1230Y/AB

PACKAGES

The DS1230 devices are available in two packages: 28-pin DIP and 34-pin PowerCap Module (PCM).
The 28-pin DIP integrates a lithium battery, an SRAM memory and a nonvolatile control function into a
single package with a JEDEC-standard, 600-mil DIP pinout. The 34-pin PowerCap Module integrates
SRAM memory and nonvolatile control along with contacts for connection to the lithium battery in the
DS9034PC PowerCap. The PowerCap Module package design allows a DS1230 PCM device to be
surface mounted without subjecting its lithium backup battery to destructive high-temperature reflow
soldering. After a DS1230 PCM is reflow soldered, a DS9034PC PowerCap is snapped on top of the
PCM to form a complete Nonvolatile SRAM module. The DS9034PC is keyed to prevent improper
attachment. DS1230 PowerCap Modules and DS9034PC PowerCaps are ordered separately and shipped
in separate containers. See the DS9034PC data sheet for further information.

ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Ground -0.3V to +7.0V

Operating Temperature 0°C to 70°C, -40°C to +85°C for IND parts
Storage Temperature -40°C to +70°C, -40°C to +85°C for IND parts
Soldering Temperature 260°C for 10 seconds

* This is a stress rating only and functional operation of the device at these or any other conditions
above those indicated in the operation sections of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS (ta: See Note 10)
PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
DS1230AB Power Supply Voltage Vee 4.75 50 5.25 A%

DS1230Y Power Supply Voltage Vee 4.5 5.0 5.5 A%
Logic 1 Vi 2.2 Ve \Y
Logic 0 Vo 0.0 0.8 \Y%

DC ELECTRICAL (Vee=5V £ 5% for DS1230AB)

CHARACTERISTICS (ta: See Note 10) (Vce=5V £ 10% for DS1230Y)
PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
Input Leakage Current Ip -1.0 S#.0 HA
I/O Leakage Current CE > Vi < Vee Lo -1.0 +1.0 HA
Output Current @ 2.4V Ioy -1.0 mA
Output Current @ 0.4V oL 2.0 mA
Standby Current CE =2.2V Iecst 50 10.0 mA
Standby Current CE =Vcc-0.5V Teesa 3.0 5.0 mA
Operating Current Iecor 85 mA
Write Protection Voltage (DS1230AB) Ve 4.50 | 4.62 4.5 A%

Write Protection Voltage (DS1230Y) Vip 425 | 437 4.5 \%
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DS1230Y/AB

CAPACITANCE (ta=25°C)
PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
Input Capacitance Cw 5 10 pF
Input/Output Capacitance Crvo 5 10 pF

AC ELECTRICAL (Vee=5V £ 5% for DS1230AB)

CHARACTERISTICS (ta: See Note 10) (Voc=5V £ 10% for DS1230Y)

DS1230AB-70 | DS1230AB-85 | DS1230AB-100
PARAMETER | SYMBOL | DS1230Y-70 | DS1230Y-85 DS1230Y-100 | UNITS { NOTES
MIN | MAX | MIN | MAX | MIN | MAX

Read Cycle tre 70 85 100 ns
Time
Access Time tacc 70 85 100 ns
OE to Output tor 35 45 50 ns
Valid
CE to Output tco 70 85 100 ns
Valid
OE or CE to tcor 5 5 5 ns 5
Output Active
Output High Z top 25 30 3% ns 5
from
Deselection
Output Hold ton D 5 d ns
from-Address
Change
Write Cycle twe 70 85 100 ns
Time
Write Pulse twp 55 65 75 ns 3
Width
Address Setup taw 0 0 0 ns
Time
Write Recovery twri 5 5 5 ns 12
Time twra2 15 15 15 13
Output High Z topw 25 30 35 ns 5
from WE
Output Active torw 5 5 5 ns 5
from WE
Data Setup tos 30 35 40 ns 4
Time
Data Hold tou1 0 0 0 ns 12
Time tpH2 10 10 10 13
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DS1230Y/AB

AC ELECTRICAL CHARACTERISTICS (cont'd)

DS1230AB-120 | DS1230AB-150 | DS1230AB-200
PARAMETER | SYMBOL | DS1230Y-120 | DS1230Y-150 | DS1230Y-200 | yNITS | NOTES
'MIN | MAX | MIN | MAX | MIN | MAX ~
Read Cycle tre 120 150 200 ns
Time
Access Time tacc 120 150 200 ns
OE to Output toe 60 70 100 ns
Valid
CE to Output tco 120 150 200 ns
Valid
OE or CE to tcoe 3 5 5 ns 5
Qutput Active
Output High Z top 35 35 35 ns 5
from
Deselection
Output Hold ton S 5 S ns
from Address
Change
Write Cycle twe 120 150 200 ns
Time
Write Pulse twp 90 100 100 ns 3
Width
Address Setup taw 0 0 0 us
Time
Write Recovery twri 5 S ) ns 12
Time twrz 15 15 15 13
Output High Z topw 89 35 35 ns 5
from WE
Output Active tow 5 5 5 ns 5
from WE
Data Setup tps 50 60 80 - ns 4
Time
Data Hold Time tom 0 0 0 ns 12
’ tpm? 10 10 10 13
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DS1230Y/AB

READ CYCLE

'S
ADDRESSES >< o
g Ve

« TINNs

l“ :

- NN | 7

‘ I‘- =
b2 K Vor OUTRUT _ Vorl
Dour A V: DATA VALID vy}

SEE NOTE 1

WRITE CYCLE 1

ADDRESSES

faw

= Ry

toow—~—
NTST SN SE G st LOTRY N NAN,
- SDNINTDY ot

R Y A WAV AVAWAVAWAYA

Din

tpg ot

V, Vi
DATA IN STABLE

Vi Vi

SEENOTES 2,3,4,6,7,8,and 12

6 0f 12



DS1230Y/AB

WRITE CYCLE 2
twe
ADDRESSES i bl iy
tA " twp Wr2

_ v..1$\\\\ L - Sk
g \m‘ NN w2z

R | & NN

v g los fone
- Vin Vi
Owy DATA IN STABLE
N = Vi A\

SEE NOTES 2, 3,4,8,7,8,and 13

POWER-DOWN/POWER-UP CONDITION

Vrp
sV
tr — =g R
~\7
tpp fa— l J <) —o! {REC [—
' { — -
B NN R R 1/
CE e
~ 5 St
LEAKAGE CURRENT -
I SUPPLIED FROM /
LITHIUM CELL
DATA RETENTION
<t TIME -
SEE NOTE 11 toR
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DS1230Y/AB

POWER-DOWN/POWER-UP TIMING (ta: See Note 10)
PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
CE, at Vi before Power-Down tpD 0 . s 11
Ve slew from Vip to OV (CE at Vi) tr 300 Hs
Ve slew from OV to Vrp (CE at Viy) tr 300 s
CE at Viy after Power-Up treC 2 125 ms

(1a=25°C)
PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
Expected Data Retention Time tpr 10 years 9
WARNING:

Under no circumstance are negative undershoots, of any amplitude, allowed when device is in battery
backup mode.

NOTES:

1.
2
3.

WE is high for a Read Cycle.
OE =V or Vy.. If OF = Vi during write cycle, the output buffers remain in a high-impedance state.

typ is specified as the logical AND of CE and WE. typ is measured from the latter of CE or WE
going low to the earlier of CE or WE going high.

4. tpy, tps are measured from the earlier of CE or WE going high.

These parameters are sampled with a 5 pF load and are not 100% tested.

If the CE low transition occurs simultaneously with or latter than the WE low transition, the output
buffers remain in a high-impedance state during this period.

If the CE high transition occurs prior to or simultaneously with the WE high transition, the output
buffers remain in high-impedance state during this period.

If WE is low or the WE low transition occurs prior to or simultaneously with the CE low transition,
the output buffers remain in a high-impedance state during this period.

Each DS1230Y has a built-in switch that disconnects the lithium source until Ve is first applied by
the user. The expected tpg is defined as accumulative time in the absence of V¢ starting from the
time power is first applied by the user.

10. All AC and DC electrical characteristics are valid over the full operating temperature range. For

11

commercial products, this range is 0°C to 70°C. For industrial products (IND), this range is 40°C to
+85°C.

. In a power-down condition the voltage on any pin may not exceed the voltage on Vc.
12.
13.
14,

twr1 and tpy; are measured from WE going high.

twr2 and tpy, are measured from CE going high.

DS1230 DIP modules are recognized by Underwriters Laboratory (U.L.®) under file E99151.
DS1230 PowerCap modules are pending U.L. review. Contact the factory for status.

8o0f12




DS1230Y/AB

DC TEST CONDITIONS AC TEST CONDITIONS
Outputs Open Output Load: 100 pF + ITTL Gate
Cycle =200 ns for operating current Input Pulse Levels: 0 - 3.0V
All voltages are referenced to ground Timing Measurement Reference Levels
Input: 1.5V
Output: 1.5V

Input pulse Rise and Fall Times: 5ns

ORDERING INFORMATION
DS1230,TTP, - SSS- 111

Operating Temperature Range
blank: 0° to 70°
IND: -40° to +85°C
Access Speed
70:  70ns
85: 85ns
100: 100 ns
120: 120 ns
150: 150 ns
200: 200 ns
Package Type
blank: 28-pin 600-mil DIP

I 34-pin PowerCap Module
Ve Tolerance

___5 AB: 15%
YT +10%

DS1230Y/AB NONVOLATILE SRAM, 28-PIN 740-MIL. EXTENDED DIP
MODULE

PKG 28-PIN
DIM MiIN MAX

AIN. | 1480 | 1.500
MM 37.60 | 38.10

B IN. | 0720 | 0.740
MM 18.29 | 18.80

j (.
r o ! CIN | 0355 | 0.375
MM | 902 | 952

D IN. | 0080 | 0.110
MM 2.03 2.79

EIN. | 0.015 | 0.025
MM 0.38 0.63

FIN. } 0120 | 0.160
MM 3.05 4.06

G IN. | 0090 | 0.110
MM 2.29 279

HIN. { 0580 | 0.630
MM 14.99 16.00

JIN. | 0.008 | 0.012
MM 0.20 0.30

KIN. | 0015 | 0.021
MM 0.38 0.53

90f12



DS1230Y/AB

DS1230Y/AB NONVOLATILE SRAM, 34-PIN POWERCAP MODULE

oo
n
TOP VIEW
. .
ey [, L po
¢ [004] &)
8IDE VIEW

Hin
(LHHTTH]

T
j0eeea0068

" 'BOTTOM VIEW: rzsi=:uat;nu::s(:tu:;\\\\\\\ﬂ-—
) COMPONENTS AND PLACEMENTS

MAY DIFFER FROM THOSE SHOWN

10 of 12

PKG INCHES
 DIm MIN  NOM MAX
A 0.920 0925 | 0.930
B 0.980 0.985 | 0.990
c - - 0.080
D 0.052 0.055 | 0.058
E 0.048 0.050 | 0.052
F 0.015 0020 | 0.025
G 0.020 0025 | 0.030




DS1230Y/AB
DS1230Y/AB NONVOLATILE SRAM, 34-PIN POWERCAP MODULE WITH
POWERCAP

A

PKG INCHES

' DIM MIN NOM MAX
ATl A 0.920 0925 | 0.930
' 0.955 0.960 | 0.965
0.240 0245 | 0.250
0.052 0.055 | 0.058
0.048 0.050 | 0.052
0.015 0020 | 0.025
0.020 0025 | 0.030

Mmoo

TN

YT S

:———- | G..
SIDE VIEW 0
ﬂI‘F e

)
unnmsm\\ [

unmuml\ )
aumwaaumaawf\— s L S
MY DIFFER FROM THOSE SHOWN

BOTTOM VIEW: REFERENGE ONLY

ASSEMBLY AND USE

Reflow soldering
Dallas Semiconductor recommends that PowerCap Module bases experience one pass through solder
reflow oriented label-side up (live-bug).

Hand soldering and touch-up

Do not touch soldering iron to leads for more than 3 seconds. To solder, apply flux to the pad, heat the
lead frame pad and apply solder. To remove part, apply flux, heat pad until solder reflows, and use a
solder wick.

LPM replacement in a socket

To replace a Low Profile Module in a 68-pin PLCC socket, attach a DS9034PC PowerCap to a module
base then insert the complete module into the socket one row of leads at a time, pushing only on the
corners of the cap. Never apply force to the center of the device. To remove from a socket, use a PLCC
extraction tool and ensure that it does not hit or damage any of the module IC components. Do not use
any other tool for extraction.
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' DSI1230Y/AB

RECOMMENDED POWERCAP MODULE LAND PATTERN

A PKG INCHES
[_ ¢ DIM MIN NOM MAX

16PL A - 1.050 -
0.826
0.050
0.030
0.112

—

—(0boooooooooooooo—1

molo|w

0000000oou0D0O0DD

L
I

RECOMMENDED POWERCAP MODULE SOLDER STENCIL

| A ' PKG INCHES
o ‘] E— ¢ DIM MIN NOM MAX
o | = 16 PL
= = A 2 1.050 .
l = B 0.890
=] c 0.050
g
[t D 0.030
Y coma |
{ e |
= E 0.080
=3
=
3
—
=)
{ nsn |

noooooooooooooo

8

12 0f 12



DAC0800/DAC0802

General Description

The DAC0800 series are monolithic 8-bit high-speed
current-output digital-to-analog converters (DAC) featuring
typical settling times of 100 ns. When used as a multiplying
DAC, monotonic performance over a 40 to 1 reference cur-
rent range is possible. The DACO0800 series also features
high compliance complementary current outputs to allow dif-
ferential output voltages of 20 Vp-p with simple resistor loads
as shown in Figure 1. The reference-to-full-scale current
matching of better than £1 LSB eliminates the need for
full-scale trims in most applications while the nonlinearities
of better than £0.1% over temperature minimizes system er-
ror accumulations.

The noise immune inputs of the DAC0800 series will accept
TTL levels with the logic threshold pin, V| g, grounded.
Changing the V| ¢ potential will allow direct interface to other
logic families. The performance and characteristics of the
device are essentially unchanged over the full £4.5V to
118V power supply range; power dissipation is only 33 mW
with £5V supplies and is independent of the logic input
states.

&National Semiconductor

8-Bit Digital-to-Analog Converters

June 1999

The DAC0800, DAG0802, DAC0800C and DAC0802C are a
direct replacement for the DAC-08, DAC-08A, DAC-08C,
and DAC-08H, respectively.

Features

m Fast settling output current: 100 ns
m Full scale error: +1 LSB

® Nonlinearity over temperature:  £0.1%

8 Full scale current drift: £10 ppm/'C

High output compliance: -10V to +18V
Complementary current outputs

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

» Wide power supply range: 14.5V to £18V

m Low power consumption; 33 mW at x5V

u Low cost

Typical Applications

OIGITAL INPUTS

C¢
VT 001 uF v

Ordering Information

wsB LsB
81 B2 B3 B4 B5 B8 B7 BE

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

1w

Vouy 70 20Vpp

DS005686-1

Non-Linearity Temperature Order Numbers
Range | J Package (J16A) (Note 1) | N Package (N16E) (Note 1) | SO Package (M16A)
+0.1% FS Q'C<Tp<+70°C DAC0802LCJ | DAC-08HQ | DACO0802LCN { DAC-08HP DACO0802LCM
+0.19% FS -55'C < T, < +125°C | DACO800LJ | DAC-08Q
+0.19% FS 0°'C<T,<+70°C | DACO0800LCJ | DAC-08EQ | DACO800LCN | DAC-08EP DAC0800LCM

Note 1: Devices may be ordered by using either order number.

© 1999 National Semiconductor Corporation DS005686

www.national.com
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Absolute Maximum Ratings (ot 2) Storage Temperature -86°C to +160°C

If Military/Aerospace specified devices are required, Lead Temp. {Soldering, 10 seconds)
please contact the Natlonat Semiconductor Sales Office/ Dual-In-Line Package (plastic) 260°C
Distributors for availability and specifications. Dual-In-Line Package (ceramic) 300°C
Supply Voltage (V* - V°) +18V or 36V Surfdce Mount Package
Power Dissipation (Note 3) 500 mwW Vapor Phase (60 seconds) 215°C
Reference Input Differential Voltage Infrared (15 seconds) 220°C
(V14 to V15) VoV . .
Reference Input Common-Mode Operating Conditions (ot 2)
Range (V14, V15) VT toV* Min Max Units
Reference Input Current 5 mA Temperature (T,)
Logic Inputs V™ to V™ plus 36V DAC0800L ~55 +125 o
Analog Current Outputs DACO0800LC 0 +70 T
(Vs = -15V) 4.25 mA DAC0802LC 0 +70 c
ESD Susceptibility (Note 4) TBD V

Electrical Characteristics

The following specifications apply for Vg = £15V, Iger = 2 mA and Tuin € Ta S Tax unless otherwise specified. Output
characteristics refer to both loy,r and To,r.

. DACD802LC DACO0800L/
Symbol Parameter Conditions DAC0800LC Units
Min Typ Max Min Typ Max
Resolution 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 Bits
Nonlinearity : +0.1 10.19 %FS
ts Settling Time To %2 LSB, Al Bits Switched 100 135 ns
“ON" or “OFF", To=25'C
DAC0800L 100 136 ns
DACO0800LC 100 150 ns
tPLH, Propagation Delay Ta=25°C
tPHL Each Bit 35 60 35 60 ns
All Bits Switched 35 60 35 60 ns
TCles Full Scale Tempco *10 +50 £10 +50 ppm/°C
Vog Output Voltage Compliance | Full Scale Current Change -10 18 -10 18 \
<% LSB, Royr>20 MQ Typ i il
Iese Full Scale Current Vrer=10.000V, R14=5.,000 kQ 1.984 1.992 2.000 1.94 1.99 2.04 mA
R15=5.000 kQ2, Ta=25'C
lrss Full Scale Symmetry less=lFs2 05 +4.0 +1 +80 pA
Izg Zero Scale Current 0.1 1.0 0.2 2.0 VA
lesr Output Current Range VvV =-5V 0 20 2.1 0 20 21 mA
V™=-8V to -18V 0 20 4.2 0 20 4.2 mA
Logic Input Levels
Vi Logic “0” Vic=0ov 0.8 0.8 \
Vin Logic 1" 20 20 v
Logic Input Current Vic=0V '
I Logic 0" =10V<V|ys+0.8V 32,0 10 -2.0 -10 pA
[ Logic “1° 2VsVys+18V 0.002 10 0.002 10 uA
Vis Logic Input Swing VvV =-16V -10 18 -10 18 v
ViR Logic Threshold Range Vs=t15V ~10 13.5 -10 13.5 \
s Reference Bias Current -1.0 ~3.0 -1.0 -3.0 HA
dl/dt Reference Input Slew Rate (Figure 11) 4.0 8.0 4.0 8.0 mA/us
PSSIgs, | Power Supply Sensitivity 4.5VV*s18V 0.0001 0.01 0.0001 0.01 %l%
PSSleg- -4.5VsV's18V 0.0001 0.01 0.0001 0.01 %!%
lrer=1mA

www.national.com 2



Electrical Characteristics (continued)

The following specifications apply for Vg = 15V, | =2mAand Tyn STAST unless otherwise specified. Output
characteristics refer to both 154+ and louT ReF T MINT TAS Tiax

DAG0802L.C DAC0800L/
Symbol Parameter Conditions DAC0800LC Units
Min Typ Max Min Typ Max
Power Supply Current V=25V, Iggr=1 mA

I+ 23 38 23 3.8 mA

- . -4.3 -58 -4.3 ~-5.8 mA
V=5V, =15V, lpgr=2 mA

I+ 24 38 24 3.8 mA

- . -6.4 -7.8 -8.4 -7.8 mA
Vg=115V, Irgr=2 mA

I+ 215; 38 25 3.8 mA

- -6.5 -78 -6.5 -7.8 mA

Pp Power Dissipation 5V, lger=1 mA 33 48 33 48 mw
8V,-18V, |rgr=2 mA 108 138 108 136 mwW
115V, lpgr=2 mA 135 174 135 174 mW

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 3: The maximum junction temperature of the DAC0800 and DAC0802 is 125°C. For op g at ol d devices in the Dual-in-Line J package
must be derated based on a thermal resistance of 100°C/W, junction-to-amblent, 175°CAW far the molded Dual—ln-Llna N package and 100°C/W for the Small Outline
M package.

Note 4: Human body model, 100 pF discharged through a 1.5 kQ resistor.

Note 5: Pin-out numbers for the DACO80X represent the Dual-In-Line package. The Small Outline package pin-out differs from the Dual-in-Line package.

Connection Diagrams

Dual-In-Line Package Small Outline Package
s 1| X e o AR T TA S
ouT = 2 Vigr(-) Veer(+) 2 15 |8,
-3 ' Vaeri) Veer(=) -3 14 |—B
. | 13 COMPENSATION—] 4 13}~8g
st 51 2] A 8 THRESHOLD CONTROL, V, ¢ —{ 5 12}~8,
8] n foor—16 11}—8y
] i V=7 10}-B,
" Pl lour =18 9}~8, MsB
== S DS005686-14
0S005686-13 Top View
Top View

See Ordering Information
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Block Diagram (note 5)

=
I
<

—C
oo
H-oz

Hzo=

L

1o

{o-_o
04
ot

104

v Vie
P
BiAS
METWORK
CURRENT
o SWITCHES
Vaeri O-
s rJ
15,
Vaget-) O~ > H
REF 1&
Ar :,
1 3
o]
comr v-

Full Scale Current
vs Reference Current

6 F7a= T TO Traax
g L ALLBITSHIGH
£ o5 UMITFOR
H V=15V I
g ¢ "
2
3
B3
E
3 12
" LIMITFOR ]
= % i
0 8174
0 1 2 3 4 5
IRgr - REFERENCE CURRENT (mA)
DS005686-22
Reference Amp
Common-Mode Range
L]
Ta=Tan 70 Tyax
35 aLL BrTS "ON"
3 32
g 1}
24
3 2 | Vot v sy v 15V
- Ipgr=2mA
£ L —
3 12 I%E;-hnl-»——
' i
s 0 I i e'z A__{
04 Ref = 6.2m
[} —{ 1 1

- -19 -6 2 2 €& W 13 N
V15 - REFERENCE COMMOR-MODE VOLTAGE (V)
D8005686-25
Note. Positive common-mode range Is always
(V+) - 1.6V,

Typical Performance Characteristics

LSB Propagation Delay vs lg

450 I
T W
z m
o~
& 3m
=
E e 1
§ W l 158 = 7808
18 44
% 1188 = 1.8 A
T W 1
& 0 1_ e
]
00102 0056100205 1 Z 5 10
Igs ~ OUTPUT FULL SCALE CURRERT {mA)
DS005686-23
Logic Input Current

vs Input Voltage

~

1; - LOGIC INPUT CURRENT (uA)
»

]

~12-10-8-3-4-202 4 § 31012141618

Vi~ LOGIC INPUT VOLTAGE (V)
DS005688-26

?n ?n
1 1

—I -
o 3 2 s -
SPTRIER S

Reference Input -
Frequency Response

12 -
10 [-R14=R15= 1k
8 FRLSS00
8 FALLBITS "ON"
FVgys =0V

==

)
2
]
2

RELATIVE DUTPUT (d8)

Lil
1
i
£

-8
-12

a i

Bt 02 05 1 2 LT
FREQUENCY (MHz}
DB005686-24

Curve 1: Cc=15 pF, Viy=2 Vp-p centered at 1V.
Curve 2: Cc=15 pF, Viy=50 mVp-p centered at
200 mV.

Curve 3: C¢=0 pF, Vjy=100 mVp-p centered at
0OV and g rough 50Q connected to pin
14.2V applied to R14.

Vi — V¢ vs Temperature

Vi~ VicW
-

50 O 50 10 150
Tp = TEMPERATURE (-€)

D8005686-27
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Typical Performancé Characteristics (Continued)

‘0,"'2;‘ ?;";’:t‘eog::e’“t Gutput Voitage Compliance Bit Transfer
'oltage (Ou
vs Temperature r: sti
Compliance) . Characteristics
H]
o ALURTS O Ta= T 10 T o \\\‘\“\Q‘\“\\,\\\ . "Hz!;}:
> 1. - -
g M N ENNNNNNNER  Ja U= ]
£ =VA-IBV V=5V l H snAn D AREA INDICATES) R
E 2 TP Ey = PERMISSIBLE DUTPUT ] =
& r REF g VOLTAGE RANGE FOR £ 08
= 18 1 | > Ze
B L} ¥ ] r 5 ¢ =V 18V, IfEf S 2 mA. i §
5 12 tngE - 1mA g o (—Jromomnen -y oniner, 11— g R ANEN 82
2w T Lo R 3 04 [H-¥+ g
1 . 83 n
' ! [ £ N Lo e /.
fu Ingr = 02 mA B ] R P AN Ny
T " -n o OO
! =g I ~12-10-8-6-4-20 24 € 8101214 1812
-4 -0 -6 -2 2 8 10 W o1 ¥a - TENPERATURE (€]
Vo - OUTPUT VOLTAGE (V) " N V{ - LDGIC INPUT VOLTAGE (V) w
8 Note. B1-B8 have Identical transfer
characteristics. Bits are fully switched with less
than ¥z LSB error, at less than £100 mV from
actual threshold. These switching points are
guaranteed to lie between 0.8 and 2V over the
operating temperature range (Vic = OV).
Power Supply Current Power Supply Current Power Supply Current
vs +V vs -V vs Temperature
7 ® [atcoms HIGH O LOW 3 Ti'umﬂulemunnmw g N e
2 ? I g 7 1-wmllq5;-lnl ] £ 9 IngF =2 mA
E ¢ 1= [ l g ]
w -
a3 s g 8 1-WITH Iggg = ) mA ] S K Vi 180 L
5 S e 2
t . e TR F T VAT § §
2 £ s i -sinh | B
2 [3 = 3 *y = 18! 2
E [ e S E 5 L Y
I o 1 s
= 5 1 \ I >
.02 &4 8 8 1012 418 18320 P -2 -4 —§ -8 -10-12-14-16-18-20 0 5 00 150
Vg - POSITIVE POWER SUPPLY (V) V — NEGATIVE POWER SUPPLY (V) Ta - TEMPERATURE (°C)
0S005688-31 DS005686-32 08005686-33
Equivalent Circuit
* Vie “1' 2 " 3 5 [ 7 )
13 1 1} A B i[] "
J ik
N ? ATV 3
—
ol 1 T 1 T i f T
vaet 158 d
cow o't } Jln ) J Jvu Ijvn Juu iju iy
164 24 0 aA Y A
N
![ L] R m
5 DACDS
8
DS005686-18

FIGURE 2.
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Typical Applications

DIBITAL INPUTS

L (317
BY 82 B3 84 85 BS &7 B

lo *+ 1o = Ig for all logic states

For fixed reference, TTL operation, typical values are:
Vgrer = 10.000V

RRegr ® 5.000k

R15 ~ Rper

Cg = 0.01 pF

Vic = 0V (Ground)

FIGURE 3. Basic Positive Reference Operation (Note 5)

Mingr ~2mA Brer |
s !
@ ™ a5
ok SV “Vagr O—O0—AAN—1
= TS | |
I~ _L_Ammx
= &
DS005636-21 N :_‘fE‘.EE 9 @
=R 268
FIGURE 4. Recommended Full Scale Adjustment peF
Circuit (Note 5) Note. Rrep sets Ig; R15 Is for bias current cancsllation
FIGURE 5. Basic Negative Reference Operation
| (Note 5)
BIBITAL INPUTS
“ss . [E1]
Bl 8203 84 B8 8§ &7 B3 fp
IREF * 2 MA Ot
B1 B2 B3 B4 B5 B6 B7 B3| IomA | IgmA Eo Eo

Full Scale 11 1 1 1 1 1 1 1.992 0.000 | -9.960 | 0.000
Full Scale-LS8 1 1 ¥4 4 1 1 4 0 1.984 0.008 | -9.920 | -0.040
Half Scale+LSB i 0 0 0 0 0 O 1 1.008 0.984 | -5.040 | -4.920
Half Scale 1 0 0 0 0O O O O] 1.000 | 0932 | ~5.000 | -4.960
Half Scale~LSB o 1 1 1 1 1 1 1] 0992 1.000 | -4.960 | -5.000
Zero Scale+.SB 0o 0 o 0 0 0 O 1 0.008 1.984 | —0.040 | -9.920
Zero Scale 0O 0 0 0 O O O O 0.000 1.992 0.000 | -9.960

FIGURE 6. Basic Unipolar Negative Operation (Note 5)

www.national,com 6




Typical Applications (continued)

PO +10.000V
IREF® T A O
DS005686-6
|81 B2 B3 B4 B5 B8 B7 B8 | Eo B
Pos. Full Scale 1T 1 1 1 1 1 1 1] -9920 [+10000
Pos. Full Scale-LSB |1 1 1 1 1 1 1 0] -9.840| +9.920
Zero Scale+LSB 1 0 0 0 0 0 0 1|-0080]|+0.160
Zero Scale 1 0 0 0 0 0 O O/ 0000 |+0.080
Zero Scale-LSB 0 1 1 1 1 1 1 1]|+0080]| 0.000
Neg. FullScale+LSB [0 0 0 0 0 0 0 1 |+9.820| -9.840
Neg. Full Scale 0 0 00 0 0 0 0}+10.000|-9920

FIGURE 7. Basic Bipolar Output Operation (Note 5)

K
VREF = 10V OamAAA et

if R, = Ry within $0.05%, output is symmetrical about ground

where X is the inpurt code and
R = AL = Ragr

DB00B6AS-18

B1 B2 B3 B4 B5 86 B7 B38| Eg
Pos. Full Scale & 17 AlStstsrooioddl +9.960
Pos. Full Scale-LSB |1 1 1 1 1 1 1 0/ +9.880
{+)Zero Scale 1 0 0 0 0 0 0 O] +0.040
(-)Zero Scale 0 1 1 1 1 1 1 1]-0040
Neg. Full Scale+LSB 0 0 0 0 0 O O 1] -9.880
Neg. Full Scale 0 0 0 @ 0 O O O] -9960

FIGURE 8. Symmetrical Offset Binary Operation (Note 5)

Rt
AV‘VA'
o
-———
4
£y
DACIS00 =0 0TO+ipg - Ry
2 e = 255 \
F —
T = = S 256 REF
D3005686-19
For y output (operation as negative logic DAC), connect inverting input of op amp w]o (pin 2), connact ig (pin 4) to ground.

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

www.national.com



Typical Appliéations (Continued)

Eg
O 070 ~ Igg Ry

255
IFs = —— IREF

For ¢

Rin

T T
Rpgr OPTIONAL RESISTOR v‘:"" .lv l 2VI0 18V
FOR DFFSET INPUTS l
‘ Vie
J-L Req ~200 y t |
Q1uF
v R QVic zmu i ’
P b SV TO 10V
=

Typical values: Ry=5k,+Viy=10V

DSQ05686-10
: Rin=5k, ¥ OV
FIGURE 11. Pulsed Reference Operation (Note 5) e :
1R4148 I Loy
|
|

Vin =

256
—-—
To= =
DS005686-20
ary output (operation as a negative loglc DAC) connect non-inverting Input of op am to To (pin 2); connect I, (pin 4) to ground.

FIGURE 10. Negative Low Impedance Qutput Operation (Note 5)

PMOS
“VReE e

ING148

l = AL )
i

1

|

- —.-S—VD;-S—-{— IGVUIDS T—-—;E'E;LL———
NO CAP Vin =2 I VrRa sV ' Vg~ -120V
| o |
| |
|

L 111

DS005686-9
Vg = V(g + 1.4V
15V CMOS, HTL, HNIL
Vi = 7.6V
Note. Do not exceed negative logic input range of DAG.

FIGURE 12, Interfacing with Various Logic Families

*Vhee .
Vagr O~ MN—— 18
IREF Ri5 DACDEED
It v (OPTIORALY
N == O—AM—— 15
HIGH INPUT AReF ~ RIS
IMPEDANCE
DS005686-12
AN 5 (b) +Vrer must be above peak positive swing of V)
DACO8

DS005688-11

{(a) lger 2 peak negative swing of I,

FIGURE 13. Accommodating Bipolar References (Note 5)
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Typical Applications (continued)

FOR TURN “ON", V) = 2.1V

FOR

TURN “OFF~, VL =0.7V

>
MINIMUM 1: ﬂ(

vto..._.l l'_l-

N I 0.1 uF

CAPACITANCE \§
HP5082:2800 =
SCHOTTKY DHODES ! l
v 1« = Vaur
o5y b 4 1 X PROBE
Vg 0.1 uF
h L
> s JUL b
Inananaell gz~ gw
Rrer [T5 DRI S 100
"Vyer O=AA— 10 & O\
DACO300 faut
U, 16V
R1§ prix 0 :J.U‘T.
15 2
13 1
==

3 "

-1: uav
o
o
— 04V

DS005686-T

I/}
= 15V -1V
FIGURE 14. Settling Time Measurement (Note 5)
svstor
CONVERSION
w
cLock FREE
RUN
9w s
W o__rl‘vu ok ¥ O
0O1uF i o
2 ono
03 Q1 02 03 04 05 08 W
LS8 Q)
3 ANALOG
BBIT DIGITAL o
WORD INPUT

e fufals o | e s

[Uss 87 88 8584 83 B2 s

vR* o
0ACO800
Vie

vt v come

Note. For 1 us conversion time with 8-bit

oy

ety

~15V

pl the LM319 and the reference current is doubled by

and 7-bit y, an LM361

reducing R1, R2 and R3 to 2.5 kQ and R4 o 2 MQ.
FIGURE 15, A Complete 2 us Conversion Time, 8-Bit A/D Converter (Note 5)

o
<

A—O

VWA~

DS008666-8
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Physical Dimensions inches (millimeters) unless otherwise noted
I———— (1958 uar —
B o meand

/VVVUUVV'\J
1 8

Molded Small Outline Package (SO)
Order Numbers DAC0O800LCM,
or DAC0802LCM
NS Package Number M16A

g 9.025
fo-64] 005-0.020
R ?b.u-n.'sn] e
fo—0.08720.00
o | Gt
B8 0.055 0.00 \37-8.
[0.13) — ~ =1rae3808 ve GLASS SEALANT
N TYP LV
%ozo-o.oeo", 3 e e
0.200 ] 1 losi-152] Y I A
(5.08] = i ; Bi S uax
o § i ; 1981588
15 E
¥ I H &J |°j MIN TYP / o
125-0.200 B : [ H 1
[Exts el 7F L |2
2. 0.':]"“" 7”1 0.310-0.410
BOTH ENDS Srlesoseg me 1 [Far-10a) 168 eV 1)
0.100£0.010 AN
[2.5420.25] TP
Molded Small Outline Package (SO)
Order Numbers DAC0800LCM,
or DAC0802LCM
NS Package Number M16A
038-0.384
(0.006=70.00)
E lgl w " 17 E 0
02780214 2
57916198 o
2
PO ey U4
LEAD MO} 1.2 3 ¢« 5 6§ 7 8
WENT 0010 yux
10.28%)
£.150-0.157
aste-ase [ b
l-mu:::; . (““:' ™ 0.04-0.01
8° MAX TYP + 0.102~0.254)
AL LEADS
[ |
L_ Jf = ‘ ¥ S = i} SENWD
) bl S
oml 0.010 2 8050 0.014-8.020
o zm —* ;:—ﬂ%_% (=2 am k- o=k
m TYP ALL LEADS LY T
0.13) Msa REV I
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.740 = 0,780
{1880~ 19.81) —~ |. 2'332
el {151, 14 [ HE) i

INDEX
AREA
0.250£0.010
{6-350£0.354)
PIN NO. 1
IDENT
n1s000s Ceess | 2
130 £04 0.060 4 0.300-0.520 1,651
i (.ﬁz?&v—ﬁi =~ |~ s P "\r‘opnonu Almfj'" {
0.145 = 0.200 I [
3,683 = 5.080) B 1
1 959450
o 0008~ 0016
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used hersin;

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose fallure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the fallure of
the life support device or system, or to affect its
safety or effectiveness.

National Semiconductor

Europe
Fax +48 (0) 1 80-530 85 86

National Semiconductor
Corporation

Americas

Tel: 1-800-272-9959

Fax: 1-800-737-7018
Email: support@nsc.com

Email: europe.suppori@nsc.com
Dautsch Tel: +49 (0) 1 80530 85 85
English Tel: +49 (0) 1 80-532 78 32
Francais Tel: +49 (0) 1 B0-532 83 58

www.national.com Itallano  Tek +49 (0) 1 80-534 16 80

National Semiconductor National Semiconductor
Asla Pacific Customer Japan Ltd.

Response Group Tel: 81-3-5639-7560

Tel: 65-2544466 Fax: 81-3-6639-7507
Fax: 65-2504468

Emsll: sea.suppori@nsc.com

National doas not assume any responsibilty for use of any circuilry described, no circult patent Ecenses are implisd and National resarves tha right st any lime without notice to change sald circuitry and spacifications.
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Matthew Mahoney, “ DSP-Based Testing of Analog and Mixed-Signal Circuits ”, The
Computer Society of The IEEE, 1987.
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