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Abstract

This project concerns with the development of Pitch-to-

MIDI Converter which is a device for determing the freguency of
an audio waveform and converting to the corresponding MIDI note
data. The input is designed for condensor microphone. There are
2 types of data for the output: text data is displayed on a
1-line 16-characters LCD monitor and MIDI data which is sent to
MIDI OUT port for interfacing the other instrument. The control
system uses Z80180 Multi Processing Unit and monitor progran

was used in Z8C assembly language.
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2.8.6 msnlamankeshhnnsuides ¢ Program Change )
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2.9 iamwnwgnﬁmniumﬁmﬁ._t ( Channel Mode Massage )
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2.9.3 N151880 MW ¢ Omni/Poly/Mono Select )
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2.10.2 mis1@8nImay ¢ Song Select )
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EQuAL
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CLEAR TO SEND O uaez 1 1thmy INPUT ACTIVE LOW
1§1unwmmjm MODEM

DATA BUS sthuwins 2 s

1then

lamavmulunishenieiy HODEM was ASCI CHANNEL 0

DATA CARTER DETECT 0 INPUT ACTIVE LOW
DMA REQUEST O uas 1 1thwa INPUT ACTIVE 1OW 1%
Tumrsve DM uanwéeﬂﬂsunsn'lﬁiﬂﬁmnﬁ@hﬁ'
waIMSesra 16

ENABLE CLOCK 1ihm? OUTPUT ACTIVE HIGH %9 )4sn
D AR T e AL SEWIISMISWI S ML AU BUS
uaz‘liuéaxﬁaﬁuglhs;lnga B8XX B80XX

1thm1 OUTPUT ACTIVE LOW seinamuiiiensiis HALT
w38 SLP

MASKABLE INTERRUPT 0 1tk INPUT ACTIVE LOW
ﬁgm#méezgmzmwguqmaéﬁe

19U AU IR INTO BRIseHm 2108178989110 188 WY
sihen OUTPUT iReusniniasanssiy 1/0

MACHINE CYCLE 1 5ihs) OUTPUT ACTTVE LOW g
nmﬁ‘a FETCH OP-CODE

NON MASKABLE INTERRUPT tihm1 INPUT ACTIVE LOW
wiisseBy M SBuIMeTIM  INTERRUPT 1wwa  Ieali

dmwam.méw SOFTWARE

|ﬂm1;ﬁiﬁmwa’nﬁagann MEMORY %50 1/0
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it mI%  ADDRESS LOW (A0-A7) Wl REFRESH

RFSH
DYNAMIC RAM
RTSO REQUEST TO SEND 1thm1 OUTPUT ACTTVE LOW
niﬁﬂﬂ'zm’snﬁgmn@'{m&ma ASCI CHANNEL 0
RXAO,RXA1 RECIEVE DATA O uag 1 ithw15udamnusn  SERIAL
PORT %89 ASCT
RXS CLOCK SERTAL RECIEVE DATA ithsnSudiemm SERIAL
%83 CSIO
ST STATUS 11 OUTPUT ACTIVE HIGH lSudwsgoue
N1SMIITMWEY CPU  Iewsauity M1 uBe HALT @9n1s1e
4.1
ST (HALT M1 Operation
0 1 0 CPU operat.ion ¢1st op-code fetch)
1 1 0 CPU operation (2nd op-code and
3rd op-code fetch)
1 1 (1] CPU operation
(MC except for op-code fetch)
0 X 1 DMA operat.ion
0 0 0 | HALT mode
1 0 1 | SLEEP mode (and SYSTEM STOP mode)
M50 4.1 UBAIEEIIEAIIMNITINRS CPU
TENDO-TEND1  TRANSFER END 0 uae 1 1ihewd OUPUT ACTIVE LOW

TRusnener M DMA éugnawﬁ:



TXAO, TXA1

WAIT

X'TAL

TIMER OUT 18fi11uwhadeIn PRT CHANNEL 1
TRANSHIT DATA O uaz 1 1Dwwide¥aus SERIAL wes
ASCI

CLOCK ‘SERIAL TRANSMIT DATA iihdeveua SERIAL
%94 CSIO

%1 INPUT ACTIVE LOW vsgfmnﬁ-mmama CLOCK
gn# 2 %B4MMA MACHINE CYCLE n‘?'a:ﬂumm'lighﬁ
ABUBNHII M Iy CPU

ﬁivn%'umsé«iagahlﬂ'e 1/0 ws8 MEMORY
sihev i lneiny X TAL

-
4.1.2 ™ MULTIPLEX

A18/TOUT

CKAO/DREQO

CKA1/TENDO

RXS/CTS1

semi1e RESET seii A18 uefwin1si@ien SET  BIT
TOC1 W58 TOCO lu TIMER CONTROL REGISTER (TCR)
PSER NI LA TOUT

5YHile RESET seiths CKAO uwi) DM1 wse SM1 I
DMA MODE REGISTER (DMODE) n SET i 1 erith
%) DREQO

5eWi19 RESET seithi CKA?  ueé) BIT CKAID Iu
ASCI of SET writhr1 TENDO

5ewile RESET wvisziihi RXS usén BIT CTSIE u

ASCI on SET sxithmn CTS1



4.1.3 INTERNAL I/0 REGISTER mwly 280180 # 1% Ivinssem

S920i 64 1/0 ADDRESS #em1914m 4.2

me' ﬂ N Address
' Binsry Hexndacina!
ASCI Contro! Repster A Ch O Townao | xxoo0000 | ooM
ASC! Controt Regwstar A Ch 1 fentar | xx000001 oM
ASCI Control Regatar B Ch O oNTtRD | xX000010 02H
ASCt Control Fiegiter B Ch 1 SoNmBY | xx000011 03N
ASC) (ASC! Statis Regstar Ch 0 . STAWD xXX000100 04K
ASC! Ststus Register Ch 1 H STATY Xx000101 osH
ASC! Travsmat Dats Regiater Ch O " vprO XX0001 10 08H
ASC! Transmit Dats Regisier Ch 1 TDRY XX000111 oTH
ASCI Receive Dats Registes Ch 0 * apRo XX001000 o/M
ASCI Receive Dats Regiates Ch 1 * BOR1 XX001001 oM
cSvo €SO Contol Register CNTR XX001010 DAH
CSVO Transmit Receive Date Repister L 1RDR XX001011 oBi
Time: Dsia Regestar Ch OL ; TMDRON | XX0O1100 ocH
Tiener Data Register Ch O TMORON | XX001101 oBH
Reload Register Ch OL SemDROL | XX001110 OEH
Reload Repisier Ch DN BDROM | XXOO111Y OFH
Timer Control Regrster " 1cR XX0 10000 toH
Reserved : XX0 10001 1H
e : } )
. XX010011 131
Timer Date Regrster Ch 1l ltmonil | xX010100 | 14H
Tiner Date Ragister Ch TH TRMDRTM XX010101 16H
Reinad Register Ch 11 /=mDRIL | XX010110 164
Relosd Register Ch 1H s RUDRTH xx010t11 17
Free Running Counter L Fme. %X011000 18H
Resorved ; XX011001 1oH
Others ) § §
. XX01111) i
DMA Source Address fagiste Ch OL gsnu. XX 100000 om !
DMA Sowee Address Regiater Cn OM | sanom XX 100001 21|
DMA Sowrce Address Regietss Ch 08 {nm XX 100010 m X
DMA Dwstinetion Addrwss Rephier Ch OL | DAROL XX 10001 ¥ 2am |
DMA Dessination Address Ragiaier Ch OH | DARDH XX100100 28H |
DMA Destition Address Regiier ChOB | DARDB | XX100101 | 25M ;
DMA Byt Count Registw Ch OL | Ao XX100110 26M ;
DMA Byte Covt Ragiter Ch OM ; mRoH XX100111 2m
OMA Mamory Adoeses Register Ch 1L [ asant XX 101000 280 |
DMA DMA Mamory Addrass Register Ch TH | MARTH XX 301004 29H
DMA Memory Address Regiter Ch 1B {sAARIB | XX101010 2AH
DMA /D Address Regiater Ch 11 fwRig XX101011 b1 TR
DMA VO Addrers Regiwter Ch 1H o XX 101100 2cH i
Aeserved ; XX101101 o0 |
DMA Byte Coumt Repister Ch 11 fmn. XxX101110 M|
DMA Byte Court Raghter Ch 1H tecRIN | XX101111 |
DMA Status Rogieter lpsvar  [xxttoooo | am |
DMA Mode Reghie TwAODE XX 110001 3 |
DMA/WAIT Contrp' Regiter oowIL xX110010 :nuJ
L Repiater Driermunt Vector Low Reghter) [ R XX110011 awm
NT NY/TRAP Control Regiater rc XX110100 am
Rescrocd xX110101 asu
\ Reftrash Refrash Control Regeter L= xXX110110 s
Reserved Xxi10111 I™
MMU Common Bays Register o= XX111000 3BH
(VLY MALI Bank Base Rogistor -~ XX111001 ann
MM Commen’Bank Ares Regnter CBAR xX111010 JAH
Reserved xXX111011 RN
‘vo XX111101 oM
.‘ Operation Mode Conirol Reprter R L XXITI110 Ik
i VO Conir! Regiater R XX1T1E0Y M
L —_— — —e e

-t
#1379 4.2 INTERNAL 170 ADDRESS MAP



N M4P 170 ;e lussimail sunsy 280 uhfusﬁaéanezimﬁc PORT %1
s 170 mw hen In hbunsmimmieonlile  swrsend bvls Inens hisunsusw
MAP 1/0 76 hilepa1s CONTROL BIT Iu REGISTER 1/0 ICR ADDRESS 3FH

ssawesw b len lamels 256 fumie iez\l: 4.2

BIT 7 6 5 4 3 2 1 0

I0A7 jI0A6 |IOSTP

315\' 4.2 1/0 CONTROL REGISTER

saen1s hbunsui thwen1519% 4.3

I0A7 |I0A6 | %29 ADRESS 1/0

0 0 0000 - OO3FH

0 1 0040 - OOTFH
1 0 0080 ~ OOBFH
1 1 00Co - OOFFH

d L .
f731IM 4.3 ANTINIIATIINES INTERNAL 1/0 ADDRESS

19 #34n15878 1/0 melul) 1/0 ADDRESS 80H 1themly ez Tibksunsylai
LD  A,80H
OUTO (3FH), A

g 1/0 STOF MODE BIT 5 i1t 1 seWain 1/0 ma'haqniuwu‘fa RESET

BIT useith 0
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J -
4.1.4 1m0y TIMING

1- - - J . » -2 - . Py
ngswamammmmnﬂmw?ﬂan Z80180 1’! nﬂ%m*n‘m‘l
M8sIM 1 MACHINE CYCLE ssn31 Z80 8 1 T STATE #@ T12a0 T 1
MACHINE CYCLE 1983 3 T STAATE hewr® 280 I% 4 T STATE simulein
d d ] - e - - [
Tuwmzhn 280180 RUN #2018y Z80 CPU Z80180 A4 1M1 W3In30
Z80 ©98n 25% umhwwyifeain 280180 SNEINISORE CLOCK #eniy 280 1a
. . - o - 4 ° - [} IJ
U 1 1m Nm‘lmnmsﬂumwnme Z80180 &3 ImnN QE‘I’W 4.3

1Rvuiny T STATE %99 Z80 fy Z80180

A B ST : Op-code fetch cvea
fo i
Lretl T, T 15 I T
il ——J LN " ¢ _.J—-x_r‘u_r—]_J—l_r"l_
H i bl Ac—A® Y= e N
ap- A 3 X 1181 31 ADDR_ O.-D: va—
T . . AA_R R ____
L VT oot Walfo 22 c 0 BT TS Nk el
(] = M1 __\.__,._./_—'__—
mdemmcenad. PR U S S - MREG — . = I\
& SITTITTTTX d_______"L___, et i_, 2 —
[ I ) 1 RD Il L s B N
| ‘ T
L5 . Ve S
o8F ) ¥
| Lf " | :
(372 3 i\ ______g—-—r
|
—-l—-murunmo- -—{.

gﬂﬁ 4.3 nfowivoy T STATE %84 280 fu ZB0180
4.1.5 HALT sar LOW POWER MODE
W ui 4 MODE #e
HALT MODE Tnenrsierds 768 semli CPU @iwﬁﬁq wn

AISMISRTwRY  CPU ammine a13eene1an

&3 HALT Tmv RESET w3e INTERRUPT
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SLEEP MODE Taenysvwnds SLP %1 cPU wmw CLOK ms
hoivl%  ADDRESS 11w HIGH , DATA BUS it
TRISTATE , DRAM REFRESH , INTERNAL DMAC
WoMII4MeENNIN SLLEP MODE Thonrsna RESET
w38 INTERRUPT

TIOSTOP MODE Tsmmanrsirenmes ciIp swlue Ascr,csiv/o
uaz PRT leems SET BIT Tw 1/0 CONTROL
REGISTER (ICR I/0 ADDRESS 3FH) 1t 1 uas
sz lmhemenne RESET wie lsunsu s BIT Tu
ICR 1t ©

SYSTEM STOP MODE ifhin1s3iuimmes TOSTOP fiy SLEEP MODE Iem
015 SET BIT T TCR udamwwwipeide SIP e
wli 1/0 awhmoaiew  wer CPU womnam
1we1 sk evsansee s et MODE % CPU
Mmstmings 7.5 mA  heseineecimseud
theus 35 wA 18BeBNIN  SYSTEM STOP MODE

f1aUN1S RESET w38 INTERRUPT 91amsusn
4.2 MEMORY MANAGEMENT UNIT (MMU)

Toithsfimes MEMORY 910 64 K (LOGICAL) 1t 1 MBYTE
(PHYSICAL) Tmem1suts 64 K BYTE LOGICAL (A8 ADDRESS i l4isut#un
v z80) 1 3 s lumslesnmIsin A COMMON AREA G, BANK AREA uae
COMMON AREA 1 Imonisnvme hlsunsuse MAP LOGICAL lu REGISTOR 1/0
CBAR (ADDREAA 3AH) ®alu REGISTOR fuzgﬂmi«ﬁu 2 i fe 4 BIT g
uaz 4 BIT #1 Iap 4 BIT qﬂﬂxhumuf’&i‘nu COMMON AREA 1 uer - 4 BIT

3 L] - g ‘ -
#1118 hsunsud BANK AREA #anmas Iikunsy REGISTOR CBAR uner#®  MAP
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16y 2° @8 4 gﬂhuuﬁbgdﬁ 4.4

1 2
COMMON AREA
AREA 1 1
BANK BANK
COMMON
AREA 0
Al > BANK > AO A1 > BANK = AC (OH)
CBAR = 4 CBAR = FO
3 4
AREA AREA
1 1
ARFA
0
Al = BANK > AO Al = BANK = A0 (OH)
CBAR = FFH CBAR = OOH

o -—
E!b'l 4.4 n1shbunsy Sediees CBAR



s bunsyty cBar swinlihibunsy COMMON AREA % 2 upe
.z 1 ] 5 [ ] -y .-
BANK léwmsum 4 K BYTE wul) isu 1Mlllﬂ§0‘lﬂ€ CBAR = OFH fm8 AREA 1
L g 12 . .. ~.‘ J L] - -
A MR FOOO-FFFFH (A0 4 K BHIMNAMIBY) UREEAMINTIIARSIANITIA MAP
& PLy . Py N A.. » - » ° »
" 4 gxhxmnmﬁﬁ'a COMMON O Har BANK S 1SONRWMNIROUI IR (A lmie
- - - a » 0 e
18830 uBE COMMON AREA 1 fy BANK ferwise sunsuliiesn lenlassns
- z [ 5 [ L3 -r
Bd5eMILR 4 K BYTE au lihegdaw PHYSICAL ADDRESS (1 MBYTE lee 19320
REGISTER 80 2 #2) UMg4 COMMON AREA O uaresithi BASED wie MONITOR

YoISPINNAIL By

nﬂ#ﬂénmaﬂﬁdf@uﬁqmmw MEMORY sanhhinmniz 64 K
InSIE3NTSHSEEI MEMORY 17uniy 64 K W81 erhasosdwess LOGICAL #im
rilssdaonrdeves 280 lEew130519 MEMORY Imiile  #9an1981989 MEMORY
Revms 954 1 thig Jwee s LOGICAL uﬁiaga#grmzhﬁnmﬂuﬂ'ma PHYSICAL

’ (-] .. -r a
19 usdss1eithe o
LD A, (BOOOH)
i'egemﬁﬁeﬁunﬂumsﬁw’ﬁﬁwwﬁq 80COH (@M Iud2s BANK AREA)  UM131
'd v' . . E-] ." - 8-
SET PHYSICAL AREA 13 10000H wﬁmwnnunmwwwnwmumgmz
annseih ADDRESS 10000H 189

4.2.1 RBGISTER CONTROL

~
- o 4
CBAR : COMMON/BANK AREA REGISTER 11“1’“‘;'""9-! LOGICAL

-
nithi COMMON AREA O , BANK AREA mar COMMON AREA 1
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BIT 7 6 5 4 3 2 1 0

CA 3] CA 2{ CA 1] CAO] BA 3| BA 2y BA 1] BA O

E‘lﬁ 4.5 MMU COMMON/BANK AREA REGISTER

CA3-CAO ihmInimm ADDRESS i15ummas COMMON AREA 1
- s < 5 3 &
BA 3 - BAD 1ﬂwxmm?a ADDRESS gamme:nm PANK AREA Mo n
gm%‘m"maq COMMON AREA 1

aq.
CBR COMMON BASE REGISTOR it REGISTOR 170 8 BIT oy

fiue PHYSICAL COMMON AREA 1
BBR : BANK BASE RBEGISTOR 1#n11i# PHYSICAL BANK AREA

AIMYUNS 1997085 9157 Iaue MAP uﬂuﬁﬂwﬁq?ﬁ’; 4.8

USER PROGRAM
(AREA 1)

SYSTEM

(AREA 0)

CBAR = 80H

*
?ﬁ 4.6 mrsuneRomniIeR e 118 Inlessem



ToonwmmIn AREA 1 1thedau USER PROGRAM @ SYSTEM tihwes COMMON
AREA 0 #ouileis1 i AREA 1 1319 8000H fec ¥ RaM laisamae 32 K idw
dau SYSTEM e ¥e9 AREA O @vithi MONITOR un hudndin s 1o 13os
32 K #awn 7FFF aslwuils 0000H  @¢u SYSTEM 1518vwerld rRam 13

» - . s A -] » -» -1 4 » -
ADDRESS #23uina11hiiueywes STACK foew IHS197818eM15 1997 vty
4.3 INTERRUPT

#0012 INTERRUPT ~ aueiih 4 INTERRUPT mwouen uae 8
INTERRUPT me 1y Iesa1dm i ud waeinunn limise el TRAP o
(Mewen) NMI , INTO , INT1 , INTZ , (muhp TIMER O, TIMER 1,
DMA CHANNEL O , DMA CHANEL 1 , CLOCK SERIAL , ASCI CHANNEL O Gae
ASCI CHANEL 1

4.3.1 REGISTER FLAG INTERRUPT
INTERRUPT VECTOR LOW (IL) , INTERRUPT VECTOR HIGH (I),
-
INTERRUPT TRAP CONTROL (ITC) uar FLAG IEF1 , IEF2 Iauh FLAG IEF1
sz lelun1s ENABLE INTERRUPT me hmammont Ju TRAP
4.3.2 INTERRUPT VECTOR LOW REGISTER
T$1h VECTOR TABLE BYTE #1wes INTERRUPT mwuen INT1,

INT2 uar INTERRUPT mohmemseniiu "TRAP® Ims 3 BIT deves IL

#1150 hsunsyle ue 5 BIT weon FIX Sazﬂﬂ 4.7



Interrupt Source Priority L Fixed Code

br bs bsibe by by by bo
iNT+ Highest | - 0 0 0 0 O
INT7 ' 0 0 0 1V O
PRT chenne! 0 . o 0 1 0 O
PRT channel 1 0o 0 1 10
DMA channel O o 1 0 0 o
DMA channel 1 o 1 0 v O
CSIo o 1™ 1 0 O
ASCI channg! 0 o ' v 1 0
ASCI channel 1 Lowest " 0 0 0 O

* Programmable

zlﬁl' 4.7 VECTOR TABLE

ANNTYY INTERRUPT € bz iths MODE 2 fswnsialu 1 ues IL
J ] - ‘
n?armg:lﬂ'ﬁma INTERRUPT luns@ INTO unlensuimithi ADDRESS Wetiimy
L A . -l w
vagamzmﬂm'lﬂtw I = 10H uar IL = 40H wac lu ADDRESS 1040H LT

° w J - ‘ - e Ja ']
OOH , 60H @ WAy 1U81fe INTERRUPT % nsrase ien hiny hisnnsamaimnis

6000H WH189
4.3.3 INT/TRAP CONTROL REGISTER

BIT 7 6 5 4 3 2 1 o

TRAP| UFO ITEZ2| ITEl{ ITEO

-
?}n 4.8 INT/TRAP CONTROL REGISTER

ITE 2,1,0 :  INTERRUPT ENABLE 2,1,0 S ENABLE uer DISHLE
» L3 z LA
INTERRUPT muen 611hi 0 sz DISELE e BIT iee Ly

- .- ‘ - ot ) . . .'r - :
Twie INTERRUPT sammeunitecwiends EI 6na  INTO
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UFO

TRAP INTERRUPT

58

. - Aﬂ [] : . A -
e 197U Z80 WSSMIGNA uALIBITN RESET ITED 9ran SET
i 1 Teude luimine lowsiy ET wse DT esraieesl  tam
780 um ITE1 uar ITE2 seiih O
szttt 1 1eMmeHeN il lu Z80180  TRAP #7156 RESET
mv‘luﬁ:humuan@ﬂé uet lughaserseu 1 191 Wlasenite
RESET ﬂzt;lﬂ CLEAR
4 -l ..
UNDEFINED FETCH OBJECT 138 TRAP i1o@wu UFO 9817!‘"
° [} Aﬂ © ..' z Al. -
~aanumisim b dam ] lu STACK 1318980 TRAP 8191ne
#4810 OPCODE 2 W38 3 BYTE UFO szasum1 PC 1w ao a1
ths1de OPCODE 2 BYTE UFO ezithi 0 uarsevi i PC wes
- 0" - . 5.’ d L ] am
frdepn il nmidenl lewes 780180 sronenas 1 uend
UFO = 1 f1dyyaszll OPCODE 3 BYTE  uag PC szonAnDa
[ . 1 ] a .
2 KIWWLS uaERY PC ngmﬁn'lﬂu STACK 19
2000 ED 99
2002 <--PC #rdevahl
i3 CPU RIN mmria:saﬁﬁwnﬁﬁ 2000 Nez18A INTERRUPT
5 -~ . o & ‘d.. & e
TRAP am ua::zmm‘uﬂmwm 2 BYTE uag PC nwmidene I
#a ADDRESS 2002 u# FLAG UFO 9zgnﬁ1‘lﬁ;ﬂu 0 iwerls1en
PC 10287158089 1 19 ADDRESS 2001 ;«?ﬁaimnﬁ@iaga
He &
i 99
a “a . - a a e 8 w a
ihuinion NMT 6o 1ua1msmgn'lmnanmmsnszmmﬂwa
‘w A £ Y3 L] - - L) . -
ams L s 190 1 AR i 19BNeMISe Y SOFTWARE uags1e
Toimusds loanmae BIT TRAP Tu ITC szon SET 1 1
- . & - o & .-
uaz UFO vz SET waalui SET vuagmmxﬂ:mdq 2 W 3
g - - -
BYTE uat FLAG UFO unet hhFu pC 1mma. 89 uazinulilu

STACK uanseleel) RN % ADDRESS 00OOH
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4.4 ASYNCRONOUS SEIAL OOMMUNICATION TNTERFACE (ASCI)

TDR

0,1

0,1

0,1

AU 2 CHANNEL Imeil BLOCK DIAGRAM devn 4.9

< Internat Adkress/Dats Bus >

l nterrupt Requast l
ASCI Tepngmit Dats Ragmte ASC! Transmiy Data Regmter
ch 0 . TORO B) en Y . TORY B
TXAo ~ASCH Transmit Shitt Regrster ASCT Transmil Stult Angister'|~ TXA+
eh O : TSRO 18 ch t ISR B
ASCI Receive Date Regnter ASCi Raceive Data Register
th O RDRO t8) 11 Ve ch' 1 ADRY I
RXAc < ASCI Recowe SHITI Rogister* W ASCI Recsive Shitt Regiater | RXA.
ch 0 : RSRO (B} Control ch 1 - RSRY 18}
ASCH Cantial Registe A J_J _{ ] ASF) Comin) Ragete A
Ht5,.] cho CHILAD B} eh ) LNILAL B)
TYE: o ASCi Control Register B ASCt Contro! Register B L. €75,
¢h 0. CNTLBO {8) ch 1 . CNTIBY B}
DED- ~| ASCI Status Register ASCI Sians Regmter
th 0 : STATO (8 eh 1 : STATY (B
CKAce- Baurl Rete
Genersior O )
“Not prognam Accessile
CKA:=—=  Boud Rete i
Generator 1

P8 ]
'gdn 4.9 ASCI BLOCK DIGRAM

thin1s  SHIFT RPGISTOR WSi¥ayavin  TRANSMIT DATA
RBEGTSTOR (TDR) uéaﬁﬁagm"m SHTFT asnme) TXA
tths REGISTOR nlads DATA o8n lif TXA Taamﬂhiaga
2 c‘ 4‘ . 4:: <4
Tu PR d@elsh TSR 138 TSR 21989 uAEaIN1SON0E Lau
iagauihllﬂ?u TDR 1680 luaen TSR N8 SHTFT siaunBan
i TxA
tthi REGISTOR TE1ABYASIN RXA PTN 14eSuiay BUFFER
- [ a' - . a' = - -
ua? nez SHIFT WM RDR A1 RSR 'lm'mmanmssmga
BVTE o b9 honee 1 ienistouian  sent 1Ht Aenisieate
UATHAYBINI1SHAMAIANIZNEAIN REGTSTOR #0us  RAGTSTOR

2 lugwse hunsy e



RDR 0,1

- m 8 o - -

98 REGISTER W lWimT‘Tﬂ RXA PIN naz‘lm
] > o » de - - -

n RDR mamwmnmnw RSR 'a‘lﬂ BYTE m’l'

FWISOLVINING 19

4.4.1 STAT 0,1

BIT

STAT O

BIT

STAT 1

usar CHANNEL eti REGISTER  Sdmiuwmsiesounisassns
4 4 - -

IfUINUNISHANAT  UBLTOMSOeMN CONTROL MODEM Mm%

ENABLE uag DISBLE ASCI o’npﬁ 4.10

7 6 5 4 3 2 1 0

RDRF| OVRN| PE FE RIE | DCDO| TDRE| TIE

RDRF| OVRN| PE FE RIE {CTSIE] TDRE} TIE

31': 4.10 ASCI STATUS REGISTER

RECIEVE DATA REGISTER FILL weon SET i 1 siie
iaga#%mhmgmiuiwwi‘ RDR 1501588u82 (A5U BYTE)
U6 INIT3ULPe ERROR %4 RDRF fezon SET A4 uae"ua:'sai"n
ﬁmznﬂ!zgﬂiam: RDR uarndas & NnreEARIMINGG CLEAR
FLAG ERROR RDRF w£@n CLEAR 11 0 iilssm ROR ,
DCpo 1t HIGH &Sy CHANNEL O , IGSTOP  uaemYs
RESET

OVERUN ERROR sriihi 1 13p RDR tdumsr RSR ifa uiiied
nrsTNeumIwBnIron CLEAR 16 EFR BIT Tu CNTLA tih

0, DCPO 1t HIGH IOSTOP uaz RESET



CTSIE:

TDRE:

TIE:

61

I - dew - a

PARITY ERROR uju 1 n‘smagmvunm PARITY wel0E
CLEAR 16 19u1@82#f OVERUN

: - e o PS P
FRAMING ERROR lﬁa’ﬁgﬂml~1”13mm1ﬂi1m1m
BIT FE szon SET it 1 usen1s CLEAR 19uifeddy
OVERUN

‘. -
RECTEVE INTERRUPT ENABLE  1¥8tih 1 ew,mn ASCI
MN15% INTERRUPT 1@ 138 RDRF , OVRN , PE w38 FE
on SET 1t 1 @28 1dievu ASCT fier Widleyne INTERRUPT
#W5 ASCI CHANNEL O INTERRUPT @11150100Wi10 leums
ufasunsmnsydaiy - INPUT meuenmy DCDO 0 LOW
1tk HIGH uee RIE svan CLEAR 1tk 0 SEW?19 RESET
DATA CARRTER DETECT BIT Evzgn SET 1t 1 18w
INPUT DCDO 11 HIGH useszan CLEAR 1 0 s 1MMIse
14 &
STAT O fssn e ymns INPUT DCDO !zt;muﬁtme‘m HIGH
* ‘. . -
ity 1OV uaysewi1e RESET i1¥e DCDO 1t 1 8rusesnmasy
st limew
- P
CHANNEL 1 CTS ENABLE % CHANNEL 1 %1 INPUT CTS1
-4 - - &
MEusn 3 MULTIPLEX My RXS 138 SET BIT uith 1 sean
1aemii CTSI
TRANSMIT DATA REGISTOR EMPTY nM:mniiagan%au
- G‘ . - 4 [y - -3 - G‘ [ » - »
“37m5541m31ﬂ ﬂ"lﬂu 1 a8 mamzamganaﬂmmu
- - A -~ : - »
wganﬂﬂn TR 10 uaztﬁaﬁms::zmm.mnm'hﬁ‘a TDR fivg
Mm% TORE 1 0 nazia:.sa’lu TDR f‘nzv'ngmiﬂﬁ TSR su
. o - P &
TDR 274983 TDRE MSﬂﬁﬂlﬂu 1 2NNSS
TRANSMIT INTERRUPT ENABIE 13811 9 nza\’qﬁﬂi ASCT
- L) - J - -

lanrsdsurn INTERRUPT 16 Teem TDRE #osithe 1 @ TIE
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ADD v+ TO KEY_COD

ADD 1 TO TRANSPOSE

ADD 1 TO CHANNEL

ADD 1+ TO VELOTITY

PTCH_SEND_ ~ YES
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?ln 5.12 hhessulmsanseuineiwwes INT1 (FUNC_KEY)
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KEY_GOD = 01
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KEY_COD = 02_>————>>| fum CHANNEL Su 1

S e VELOCITY €u 4

Iy In PITCH_BEND = YES

KEY_COD = 04

31'!1 5.13 hkunwimAniseuinesmes INT1 (INC_KEY)
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PHONGSIRI ONSRI

PITCH TO MIDI CONVERTOR

310818

PUAPOOM . NIAMLARPNUANG 310823
SOLID STATE ELECTRONICS
FACULTY OF SCIENCE
KING MONGKUT INSTITUTE OF TECHNOLOGY LADKRABUNG

O00CH
CNTLA1,01H
CNTLB1,03H
STAT1,05H
TDR1,07H
RDR1,09H
CNTLAO, 00H
CNTLBO, 0ZH
STATO, 04H
TDRO, 06H
RDRO, 08H
TMDROL , OCH
TMDROH, ODH
RLDROL, OEH
RLDROH, OFH

" TCR, 10H
w3

TMDRIL, 14H
TMDR1H, 15H
RLDRIL, 16H
RLDR1H, 17H
IL,33H
ITC, 34H
CBR, 38H
RBR, 39H

sDATA FORMAT
sBAUD RATE

$STATUS

$ASCT CHANEL1 TX
sRX

;DATA FORMAT

sBAUD RATE

;STATUS

$ASCI CHANEL1 TX
$RX

sTIMERO BYTE LOW
$TIMERO BYTE HIGH
$RELOAD BYTE LOW
$RELOAD BYTE HIGH
sTIMER CONTROL
sTIMER1 BYTE LOW
sTIMER1 BYTE HIGH
sRELOAD BYTE LOW
sRELOAD BYTE HIGH
sVECTOR LOW

S INT/TRAP

sCOMMON BASE REGISTER
sBANK BASE REGISTER



.EQU CBAR, 3AH

-EQU OMCR, 3EH

.EQU STACK, OSFOCH
.EQU VECLOW, 80H
.EQU TIMERO,01388H
.EQU TIMER1,0FOO0H
.EQU PCTRL1,0C083H
.EQU PORTA1,0C080H
.EQU PORTB1,0C081H
.FQU PORTC1,0C082H
.EQU  PCTRL2,0C093H
.BEQU PORTAZ,0COS0H
.EQU PORTBZ2,0C021H
.EQU PORTCZ,0C092H

102

;COMMON BANK AREA REGISTER
OPERATION CONTROL
3STACK

$VECTOR LOW

3

sPORT CONTROL 8255 #1
SPORT A #1

sPORT B #1

sPORT C #1

sPORT CONTROL 8255 #2
sPORT A #2

PORT B #2

sPORT C #2

“»e

POWER UP DELAY

POWERUP:

INT O

XOR A
NOP
DEC A S

JR NZ, POWERUP
JP INIT

.ORG 0038H

DI

PUSH AF

PUSH BC

PUSH HL

|8 ) A, (PIT_COD)
CcP OCH

JR Z,START

CP 04H

JR Z,SToP

INC A



STOP:

TNTODONE:

ouT
POP
POP
POP
EI
RETI

(PIT_COD) , A
INTODONE
A,11H

(TCR), A

C, (TMDR1L)
B, (TMDR1H)
(PIT_VAL),BC
HL, TIMER1
(TMDR1L),L
(RLDR1L),L
(TMDR1H) ,H
(RLDRIH) ,H
A,CCH
(PIT_COD) , A
(CNT_OFF) , A
A,O0H

(ITC) , A
INTODONE

A, 13H

(TCR) ,A
A,01H
(PIT_COD) A
BC,PORTC1
A,80H

(C),A

HL

BC

AF

$SIGNAL LED ON
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.ORG 0180H

PRIORITY INTERRUPT

INT1: .DRW EKEY_O
INT2: .DRW EMPTY
PRTO: .DRW PRT_O
PRT1: .DRW EMPTY
DMAQO: .DRW EMPTY
DMA1: .DRW EMPTY
CS10: .DRW EMPTY
ASCIO: .DRW EMPTY
ASCI1: .DRW HMPTY
3
3 INITIAL CFU
H
INIT: D A,00H
ouUTo (OMCR), A
L A,80H
OUTO (CBAR),A
LD A,00H
oUTe (CER),A
OUTO (BBR),A
Lb A,01H
LD I,A
LD
A,80H
ouro (IL),A

b SP, STACK

e

ve

INITIAL: INPUT/OUTPUT

1D A,80H

¥

104



we L 1]

L 1

e

e we

A 1)
[

e "1

e

LD BC,PCTRL1

our «©,A
LD BC,PCTRL2
our 1(C),A

b4

INITIAL TIMER CHANNEL O

LD HL, TIMERO

OUT¢ (TMDROL),L
OoUT0 (RLDROL),L
OUTe (TMDROH),H
OUT¢ (RLDROH),H

’

Y

INTTIAL TIMER CHANNEL 1

LD  HL,TIMER1
OUTO (TMDR1L},L
OUTO  (RIDRIL),L
OUTO (TMDRIH),H
OUTO (RLDRIH),H
LD  A,00H

OUTO  (TCR) A

-
]

INITIAL ASCI CHANNEL 1

&
¥

LD A,24H
OUTO  (CNTLA1),A
1D A,O00H

OUTO (CNTLB1),A

-

L 1)

INIIAL 1D DISPLAY

CALL INITLCD

105

Set Smart Port
825541 A-Out B-Out C-Out
825542 A-Out B-Out C-Out

Set. Timer Channel 0 = 50 millisec

Set. Timer Channel 1 = Counter

Set. Asynchronous Serial Comm.
Baud Rate 31250



INITAL PARAMETER

L 1]

HL., COOOH
¢(PIT_REC) ,HL
¢PIT_VAL),HL
4,00H
(PIT_COD),A
iNEW_NTE), A
{OLD_NTE), A
(DIF_NEW) ,A
(®BIF_OLD),A
(4CT_300),A
(CNT_OFF),A
(VEL_NTE),A
MIDI_CH),A

EEEEEEBEEEEEEGEHE

-

SET INTERRUPT O MODE 1

-

1D A,O01H
ouTo (ITC),A
b A,11H
QUTC  (TCR),A

EI
3
H TEST #IDI
3
TEST_NTE:  NOP
b C,fFH
LD IX, (NOTE_THL)
8] IY, (TIME_TBL)

TESTO: CALL PLAY NTE °

Set Pitch Width Record

Pitch value

106
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0000
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CALL DELAY
CALL STOP_NTE
INC IX

INC TIY

DEC C

JP NZ, TESTO

we

MAIN PROGRAM

OVR_MAIN:  CALL AlLL OFF

CALCULATE PITCH

i
XY

v

MAIN: XOR A y

HL, OFO00H 3 PIT_REC = ( F0oOOh - PIT_VAL )/4
BC, (PTT_VAL)

HL,BC

H

L

L
(PTT_REC) ,HL
BC, (PIT_REC)
WRT_PIT
(NEW_NTE) , A

LD

LD

SBC

SRL

RR

SRL H
RR

LD

ip

CALL

LD

LD B,A q%
CALL WRT_NTE

1D BC,PORTC1 sSIGNAL LED OFF

1D A,O0H -
our (0),A

we

COMPARE PITCH & TABLE

- e

e
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COMPARE: LD  BC, (PIT_REC)
ID  IX,PIT THL2 ; Find Note By Compare
ID  D,15H s PIT_REC with PIT_TBL2
ID ES57H i D = Note Number
COMP 0: LD  H,(IX+0) s  E = Note Counter
ID L, (I5D)
XOR A
SBC  HL,BC
ID AL
LD  (DIF_NEW,A
JP  C,QUANTIZE
INC IX
INC IX .
e DA
LD  (DIF_OLD),A
DEC E
JP  NZ,COMPO
1b  D,01H
; QUANTIZE PITCH
H
QUANTIZE: ID A, (DIF_OLD)
1D HL,(DIF NEW)
CP (HL)
JR  NC,CHEK NTE
DEC D &
; -
; CHECK NOTE 18H - 6CH
3 ..
CHEK_18H: 1ID  A,18H
CP D
JR  C,CEK_6H
) 1Ip  D,OoH



CHEK_6CH: LD A,6CH
cp D
JR NC,SAVE_NTE
LD D,00H

;

H SAVE NOTE

H

SAVE_NTE: LD A,D
LD  (NEW_NTE),A
ib B,A
CALL WRT_NTE

e

COMPARE NEW NOTE & OLD NOTE

oo

NEW_OK:

%ESESE;E%GGE

A, (OLD_NTE)
B,A

A, (NEW_NTE)
B

Z,MAIN
IX,0LD_NTE
STOP_NTE

A, (NEW_NTE)
(OLD_NTE) , A
IX,NEW_NTE
PLAY_NTE
MAIN

.

109
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we

LCD DISPLAY

SEGMENT

L 1]

we

WRT_1CHO:

WRT_1CH1:

WRT_1CH2:

WRT_1CH3:

WRT_1CH4:

WRT_1CHS*

WRT_1CHG:

WRT_1CH7:

WRT_1CHB8:

B 8 8 B ¥ 8 8 8.5

E EG%EQQEQ%EQ%EQ
>
o
=

IAE
5588




WRT_1CHO:

WRT_1CHA:

WRT_1CHB:

WRT_1CHC:

WRT_1CHD:

WRT_1CHE:

WRT_1CHF: LD A,47TH

JP  WRT

oo

WRITE TEXT 3 CHAR

ae

WRT_OCT: LD  A,44H 3"
CALL. GOTO
LD  B,03H
JP  WRL

H

H INITIAL LCD DISPLAY

;
INITLCD: PUSH AF
" PUSH BC

000_"

111



3EEE8S5EQEEEEREEEEEE

CALL
CALL
POP
POP

BC, PORTB1
A, 00000000B
(C),A

BC, PORTA1
4,00111000B
(C),A
EPLUSE
DLAYLCD

BC, PORTA1
A,00001100B
(C),A
EPLUSE

BC, PORTA1
A,00000110B
(C),A
EPLUSE

BC, PORTA1
A, 00000001B
(C),A-
EPLUSE
DLAYLCD

“-e

.o

WRITE LINE 16 CHAR

WRT _TXT:

WRLINE:

CALL

A,01H
WRLINE
A,02H
WRLINE

112
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Z,WRL1

Z,WRLZ

WRL1: A,OOH 300 - 07

:

A, 40H 340 ~ 47

B,8 38 char
D, (HL)

QESEGES%EEQ%%%
:

INC

gaagg

s

WRITE 1 CHAR

“-e

CALL WRBYTE
POP BC

ENABLE PLUSE

EPLUSE: LD BC, PORTB1

IN A, (C)
SET 2,A sEnable bit 2 = 1
our (C),A
b B,00H



wf

sEnable bit 2 = 0

L 1)

NOP

NOP

JP NZ,EP1

LD BC, PORTB1

RES 2,A

T  (0),A

RET

GOTO POSITION

Q0TO PUSH BC

1D BC,PORTA1

SET T7,A

oUT (C),A

we

1D BC, PORTB1

our (C),A

3Set DD RAM

sSet RS = 0, R/W =0

- e

CALL. EPLUSE sEnable signal pluse
POP BC
o5 1 -
WRITE DATA
WRBYTE LD  BC,PORTB1
LD A, 800000018 sData write
OUT (C),A
LD BC,PORTA1
LD A,D sData byte
our  (O),A
sEnable signal pluse

CALL EPIUSE

B

114



wse

DOWNLOAD CHRACTER TO LCD

ws

DOWLOAD: LD  C,0
ID B,64
ID  HL,FONT_CHR
DOWN_L: Lb D, (HL)
PUSH BC
CALL WRT_CRAM
FOP BC
INC  HL
INC C
. DINZ DOWNL
At
; WRITE CG RAM
;
WRT CRAM: RES 7,C
SET  6,C
LD A,C
ID  BC,PORTA1
OUT  (C),A
1D A,00H
ID  BC,PORTB1
OUT (O),A
CALL EPLUSE
CALL DLAYLCD
CALL WRBYTE
. CAIL DLAYLCD

115



e —— R DA M gty SEEEp T

H
H DELAY 1CD
H
DLAYLCD: LD B, 00H
DE1: NOP
NOP
DINZ DE1
RET

we

CONVERT 2 BYTE TO ASCII

< e

CONVERT1: PUSH AF
PUSH DE
LD A,B
CALL HCVERT
CALL WRT_1CHO
LD D,E
CALL WRIT_1CH1

CALL. WRT_1CHZ

CALL. WRT_1CH3
POP DE

CONVERT2: PUSH AF
PUSH DE
LD A,B

CALL WRT_1CH6
LD D,E
CALL WRT_1CH7

sFIRST REGISTER

sA -> DE

$ SECOND REGISTER

$A -> DE

sFIRST REGISTER

3A -> DE

116
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OONVERT4:

POP
POP

POP

&5 H

WRT_1CHA
D,E
WRT_1CHB

A,B

WRT_1CHE
D,E
WRT_1CHF
DE

AF

117

sFIRST REGISTER
3$A -> DE

sFIRST RBEGISTER
sA -> DE

-e

we

HEX TO ASCI1

e

HCVERT:

RRCA

RRCA

CALL
LD

D,A

$SAVE



ADD
DAA

A,90H

A,40H

E,A

*

118
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SUBROUTINE

SEGMENT

wa

-

PLAY MIDI NOTE

we

PLAY_NTE:

CALL CHEX_TDR
LD A,90

OUT (TDR1),A
CALL CHEX_TDR
LD A, (IX+0)
OUTO (TDR1),A
CALL CHEX_TDR
LD A,40H
OUTO0 (TDR1),A

A 2

-s

STOP MIDI NOTE

“ e

STOP_NTE:

"CALL - CHEK_TDR
LD A,80

OUTO (TDR1),A
CALL CHEX_TDR
LD A, (IX+0)
OUTO (TDR1},A
CALL. CHEE_TDR
LD  A,O00H

OUTO (TDR1),A

s

we

CHECK Tx DATA EMPTY




CHEK_TDR: INO A, (STAT1)

BIT 1,A
JR NZ,CHEK_TDR
RET

we

-e

DELAY 1OOP 10 ms

DELAY: PUSH HL
PUSH DE
LD B, (IX+0)
1D DE,-1
DLYO: LD HL,047EH
DLY1: ADD HL,DE
JR C,DLY1
DJNZ DLYO
POP DE
POP HL
RET
I ALL NOTE OFF
s
ALL_OFF: CALL, CHEK_TDR ]

e

LD A,OBOH
OUTO (TDR1),A
CALL CHEK_TDR
LD A, 7BH
OUTO (TDR1),A
CALL CHEK_TDR

LD A, O0H
OUTO (TDR1),A

ALL NOTE OFF

120
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INTERRUPT

SEGMENT

“s

“-e

INTERRUPT TIMER CHANNEL O

we

we

PRT_O: DI
PUSH AF
PUSH BC
TIF_O: ING A, (TCR}
BIT 6,A
JR Z,TIF_O

INO A, (TMDROL)
LD A, (ACT_300)

P OeH
JR  NZ,INC_ACT
CALL CHK_TDR

ID  A,OFEH

OUTG (TDR1),A
1D . A,00H
INC_ACT: INC A

Lp (ACT_300),A

NO SOUND COUNTER 100 ms

L 1)

wse

LD A, (CNT_OFF)
INC A
Lb (CNT_OFF), A

-

ENABLE INTERRUPT O

o

s

) A,01H
OoUTg (ITO),A




POP BC

POP AF
EI ,
RETI

— e e A e+ he e . i MBS
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‘e

ws

we

-e

DATA SEGMENT
NOTE TABLE TO DISPLAY

NTE_TBL1: .DB "A0 ", "A#0", "BO ", "C1 "
DB "C#ét", *D1 ", "D#1", "E1"
DB "F1 ", "FM1", "G1 ", "Gm"
DB TA1 ", "Ag1", "B1 ", "C2 "
.DB "cz#", "p2 ", "D2%#", “E2 "
DB "F2 ", "F24", "Gz ", “G2#"
.DB ™Az ", "A2#", "B2 ", "C3"
.DB  "C3#", "D3 ", "D3#", "E3 "
.DB "F3 ", "F3#", "G3 ", "G3#"
i — G AN QUEE TR RS ) ]
DB "cag", "D4a ", "D4s", "E4 "
DB "F4 ", "F4#", "G4 ", "G4#"
.DB  "A4 ", "aam", "B4 ", "C5"
.DB_ "c54", "D5 ", '"D5#", "E5 "
.DB “F5 ", "F5#", "G5 ", "G5#"
DB "a5 %, "ASH#", "BS ", "C6 "
.DB "cs#", "D6 ", "D6#", "E6 "
DB "F6 ", “"F6#", "G6 ", “a6#"
.DB  "A6 ", "A6#", "B6 ", "CT "
.DB "cré", "O7 ", "D7#", "E7 "
DB "F7T ", "F7T#", "G7 ", "GT#"
.DB “AT ", “ATH#", BT ", "C8 "




PITCH TAHLE TO COMPARE

PIT_TBLZ2: .DW 2382H, 2183H, 1FA2H,
.DW¥  1C44H, 1ASAH, 1868H,
.D¥  1489H, 151DH, 1400H,
.DW 11CiH, 115BH, OFD1H,
.D¥ OE18H, OD4DH, OCSBEH,
.D¥ O0BZFH, OA8DH, OSF7H,
.D¥ OBFOH, O0O83EH, O7ES8H,
.Dw O70CH, O0BA7TH, 0647H,
.D¥ O059BH, O0547H, O4FCH,
.Dw 04T0H, O0431H, O03F5H,
.DW  0386H, 0353H, Q324H,
.DW  02CCH, O0Z2A4H, O027EH,
.DW 0238H, O0Z218H, O1FAH,
.Dw  O1C3H, O1AAH, 0192H,
.DW 0166H, 015ZH, O013FH,
.DWw O1iCH, O10CH, OOFDH,
-D¥ OOE1H, OODS5SH, OOC9H,
.DW OCB3H, OOASH, OO09FH,
.D¥ OOBEH, OO0O8B6H, OO7FH,
.DW O0071H, OO6AH, O0084H,
.DW  O059H, O0054H, O0O050H,
.D¥ . O0047H, OO43H, OO03FH,

H

H DATA LCD DISPLAY

H

TEXT_CGR: .DB

TEXT_TTL: .pB "PITCH TO MIDI "

TEXT CIR: .DB " "

FONT_CHR: .DB  OOH, 00H,02H, 1DH, OOH, O0H, 00H, OOH
.DB O1H,02H,02ZH,04H, 14H, O8H, O0H, 0CH

1DDDH
17B3H
1Z2DOH

OBDAH

O777H

OSEDH
04B4H

+03BCH

02FeH
025AH
O1DEH
017BH
0120
OOEFH

0097TH
0077H

004BH
003CH

124

"—-", 00H, 01H, 02H, 03H, 04H, 01H, 03H, O4H, "————"

e e
2 8



.DB  OOH, 10H, 08H, OSH, OAH, 04H, OOH, O0H
.DB  OOH, OCH, 10H, OBH, 04H, OOH, OOH, 00H
.DB * OOH,00H, 04H, 1BH, OOH, 00H, O0H, G0H
.DB  OFH, 0SH, OFH, O8H, 08H, 18H, 18H, 00H
.DB  OFH,09H,0FH, 0SH, OBH, 1BH, 18H, 0O0H
.DB  1FH,04H, 1BH, 1BH, 1FH, 11H, 1FH, COH

NOTE_TB: .DB  3CH, 3FH, 40H, 41H, 43H, 45H, 47H, 48H
.DB  47H,45H, 43H, 41H, 40H, 3EH

TIME_TB: .DB  04H,04H,04H, 04H, 04H, 04H, 04H, 04H
.DB  04H,04H,04H, 04H, 04H, 04H
.ORG BOOOH

s

; DATA BUFFER IN RAM

H

OLD_NTE: RS 1

NEW_NTE: RS 1

CNT_NTE: RS 1

DIF_NEW: RS 1

DIF_OLD: .RS 1

PIT_COD: .RS 1 L

ACT_300: RS 1

CNT_OFF ¢ .RS 1

PIT_REC: RS 2

PIT_VAL: .RS 2

OLD_PIT: RS 2

NEW_PIT: RS 2

DSP_BUF: .RS 16
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280180 ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

ftom Symbol Vaha Unit
Supply Voltage Vee -03 - +170 v
put Vohisge Vo ~0.3 ~ Ve +0.3 v
Operateryy Yomparstuwre Standard Topr Q.70 “C
Extendad | Topt 40 - 65 °C
Storege Tempersiure Torg -85 ~ + 150 C
[NOTE] Pormanent LS| demsge may Occur ¥ meximum retings sre ded. N
should be under 9 [ nmwmm-mma

could atect rebabitty of LS!

280180
Z180 MPU
FEATURES:
® Operating Frequancy to 17.5 M 12 ® On-Chip Interrupt Controller
&  On-Chip MMU Supports Extended Address Space ®  On-Chip Clock Oscillator/Genarator
®  Two DMA Channels @ Clocked Serlal O Pont
®  On-Chip Wail Slate Generators ® Code Compatible with Zilog 280 CPU
®  Two UART Channela ¢ Exlended instructions
® Two 16-Bit Timer Channels ¢ 6 MHz Version Supporis 6.144 MHz CPU Clock
Operation
GENERAL DESCRIPTION:

Banod on a minreendad axcaution unll and an advansad
CMOS manufaciiiring technnlogy, the Z80180 ls an 8-bit
MP{ which provides tha benefits of reducnd system costs
antl low power operation while ofering higher parformance
and maintaining compatibility with alarge base of industry
standard software written around the Zilog Z80 CPU.

Highar pardformanca ia obtalnad by vifun of higher oparat-
ing frequancing, reduced [nsiruction axecution times, an
enhanced instruction set, and an on-chipmemorymanage-
men! ynit (MMU) with the capabfiity of addresslng upto
Mbyte of memory,

Reduced system rosts are obldined by Incorporating
saveral key system functions on-chip with the CPU. These
key functions include 170 devices such as DMA, UART, and
fimar ehannels, Also ineluded en-chip are soveral *glue®

gl @ o
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» n J
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».0 L3
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. N
8o trnt fy L
v 0 e

Flgun t. 64 Pin OIP

funetiasg such as dynnmia FAM ratrash gontrsl, willl state
aanaralors, clock osdilator, and Intarrupl controfiar,

Nol only doas the 280180 consuma alow amoun! of powar

during normal oparation, but K also provides two operating
modes thol are dasigned to drastically redura tha power
consumplion even further. The SLEEP moda redions
powar by placing the CPU Into a "stopped” staln, thereby
ennsuming fess currenl, while thr on-chip YO tievics (s il
operating. Tha SYSTEM STOP moda places both the CPU
and the on-chip peripharals inlo a “slopped” mode, there-
by reducing power consumption even further.

Whaen combined with othor CMOS VLSI devices and
memorles, tha ZAO180 provides an excellent solulion.to
system applications requiring high performance, and low
powar eparation,

ami H Hu EW

:’tfg'fngzr'-rtegj

t <& pigure 2. 80 PIn PLCC

DC CHARACTERISTICS
{Vecs 5V 1 1()%Vss = 0V, over specified temperature range, unlass otherwise hoted.)

Symbo! Norn Condnon mn tyn ma L
“H' Vohsye
Vaur R(ST'I EXTAL NRU Vee=08 | - Vee* 03 v
Woul M Volsge
Vi Lucept ATBCT, ExTaL, R 20 - Vee+ 03 v
Nput "L Volage
Var RESET, exTAL, RN ~-03 - [-1] v
Ul L Volage
Vi tacep AVSEY, EXTAL, N -03 - 08 v
Outpn! “H* Voage bw = —200:A 24 - -
Vou Al outputs v
by = ~20uA Vee— 12 - -
Output "L Vohsge
Vo A? Outouts b= 22mA - - (.21 v
Fipul Lastage
\ Currsni Al Inputs Vao08 - Vee~08 - - 10 A
Escept XTAL EXTAL
Trewe Swate Lashoge
S Curem Vam0S ~ Vee— 0% - - 10 uh
Powst Drispaton’ 1= 6 MH2 - 18 40
(Norma! Opsrstion) = 8 Mrz - 20 [ ma
' i o= {0t - 28 a0
ke 1w 17 MM, - n ™
Powsr Disupanon® 1= 6 M - 3.8 125
{SYSTEM STOP mode} 1= 8 MM - 150
. = {OMHL - [ 175
Ta t2MIU - THE v
Vs 0v, 1o 1 MH
Cn P Capacasncs Tom 26°C - - 12 pf

* Vopne = Vee= 10V, Vme, *= OBV (all outpu termnels s ;1 0o oad)

Vees5 00V

37



| 280100 AC CHAHACTEH!STICS

(Vee=5V :I: 10%. V=0V, over specified temperature range, unless olhorwuse noled.)
_ A 2018005 75018008 78016070 Z8016D12{34] Uil  Note
No Sym  Parameter Min Max  Min Max Min Max Min Mox ng -
1 le Clock Cyclelime 162 2000 125 2000 100 2000 80 2000 s 1)
2 ICHW  Clock Pulse widlh (high) 65 55 40 3 o
3 ICLW  Clock Pulse width (ow) 65 55 40 x5 ns o
i Glock Fal lime 15 15 10 5 ns 1l
§ ltr . Clock Risefimo 15 15 10 TETTT T
6 1AD  Addrasvaild Irom Clock Risp 90 80 (] 50 ns
7 WS Address valid to /MREQ, ADRO Fall 30 20 10 10 ns
8  IMEDY  Closk Fall fo /MREQ Fat dnlay 0 50 50 15 ns
8 ANDY  Clnck Fall to /R0 Fall (A001) 50 50 50 a5 "
Clock Rise 1o /AD Fall (/10C=0) (] 60 58 50 ns
0 7TIMIDE" " Clnck Riso io 7N Fal deiay T e O s T s o
11 IAH. Addrmss Hold lime MRE, DR, /RD, WR) 35 20 10 10 ns
12 IMED2  Gleck Fal o /MRTO Risa Dotay 0 50 50 I ns
19 1DD2  Ciock Fatl in /M fisn detay 0 0 rm ” ne o
14 IMID2  Clork fisa o /M1 Rise dolay oo 10 60 50 n !
15700 e S tima T e n T 0 "
10 DAY Data Read Hold time 0 0 0 0 ns
12 1SY0Y . Clock Fdgete ST Fan ] 70 R0 50 ns
15 1STD2  Clock Edgeto ST Rise % 70 &0 50 ns
19, WS /WAIT soluptimnto Clack Fall a0 a0 n 20 ns
W W AWAI Hed time from Glock Fall a0 40 k1 0 s
A WNZ  Clogk Rise to Dala Float Delay 9% 70 60 60 ns
22 IWAD1  Clork Rise lo /WR Tall delay 65 60 50 0 I
23 TWDD  Clock Fail to Welle Data Dnfay 90 a0 60 50 ns ¥
24 WDS  Wrile Data Setup lims to /WR 40 20 . 15 10 ns
75 MWADZ  Glack Fall ty W Rise o TTe T T e T T s ns
2 WP /WR Pylse Width (Memary Wrile Cycles) 170 130 1o 85 ns
2Ba . - - [WR Pulse Widih (10 Wrile Gycles) 332 26 210 165 ns
27 TWDH  Write Dala Hold limn from /WA Rise 40 15 10 - 10 ns
20 NODY  Closk Fall Yo /IORO Fall dalay (10C1) 60 50 5n 5 s
Glock Rise to /10RO Fall delay (10C-0) o 0 55 50 ns
20 1ODZ  Clock Fall IDCA Rise Datay 60 50 50 50 ns
an N0y T MiEsioAORGFANGey T T T T M0 T T me T T om %0 ns
31 UNTS  AINT Setup Tima 1o Glack Fal 40 10 .30 20 ns
32 UNIH  /INT Hotd Timn from Clock Fall a0 an 30 20 ns
L33 MW NMIPulse width 120 100 80 80 ns
3 IBRS  /BUSHED Selup Tima lo Clock Fatt 4 4 n 20 ns
357 10mi " RUSAEQ Fofd Time irom Clock Fall a0 0T T T e ns T
(36 IBADY  Clock Rise to /[DUSACK Fall detay 95 70 - 6D 50 ng
37 {BAD2  Clock Fall to /RUSACK Risa delay % 70 0 50 ns
38 IBID  Clock Riselo Pus Flnating Oolay Time 125 0 n ng
39 IMEWH  /MREO Pulse Widih (High) 110 %0 70 60 ns
40 WEWL  /MREQ Pulso Width LOW) 125 100 80 60 ns

280180 AC CHARACTERISTICS (Continued)

(Vo=5V & 10%, V=0V, over specilied temperature range, unless otherwise noted)

Unil Nole

. 2018006 28016008 26018010 78018012 {3.4)
No Sym  Parameler Min  Max Min  Max Min  Max Min  Max ns
41 BFD1  Clock Risa to AFSH Fall Delay 90 80 60 40 ns
42 1RFD2  Clock Rise to /RFSH Rise Delay 1] 80 60 ‘40 ns
43 IHAD1  Clock Rise to /HALT Fall Delay 20 80 50 - 30 ns.
44 HAD2  Clock Riseto /HALT Rise Delay 90 80 50 30 ns
45 1DRQS IDH[.OI Setup Time to Clock Rise 40 40 30 20 ns
46 DRQH  /DHEQI Hold Tima trom Clock Risa 40 ) 30 20 s
47 (TED1  Clock Falt lo /TENDK Fall Delay ] 80 50 50 ns
40 \TEN2  Clock fall to /IEND! Rise Dolay 70 60 50 50 ns
49 it Glock Risato £ Rise Dotay % 70 60 40 ns
50 1LD2 . Clock Ligo o € Fatl Delay ] 70 0 0 ns
51 PWEH £ Pulse Widlh (High) ] 85 85 45 ns
52 PWEL  E Pulse Widlh (Low) 180 130 110 90 ng
53 IEe Enable Rise Time 20 20 20 10 ng
84 T riatie Falt tima 2 20 20 ‘10 (1}
55 110D Clock Fall to Timer Quipul oulay 300 200 150 120 ns
567 18100 LSY0 1xDala Bolay Vno 200 20 150 120 ns
{Internal Clock Oporalion)
57 ISTDL  CSYO fxData Detay limo 7 5tcyc+ 300 15lcyc+200 T 5lcyc+ 150 T Sicyc+ 120 ns
{[ xtemna} Clock Oparation)
58 1SAS!  CSYO Mk Data Sstup Time 1 1 1 1 foye
(internal Clock Operation)
59 ISAHI  CSVO Rx Dala Hotd Time 1 feye
{ntemat Clock Operalion) .
60 ISASE  CSI/0 Ax Data Setup Time 1 1 L} 1 teye
{Cxtemal Clock Operation) :
61 1SRHE  CSVO Rx Data Hotd Time 1 1 1 1 foye
(Exiemal Clock Operation)
62 IRES  /RESEV Selup iimalo Clock Fall 120 100 80 60 "
63 IRFN /RESET Hold Ume from Clock Fall 80 10 §0 43 ns
64 105C  Oscillaler Stabllizalion Time 20 a0 0 20 ns
65 Xr  External Clock Rise Time (CXTAL) 25 ] 15 10 ns
66 IEXi  Cxlpmal Clock Fall Time (EXTAL) %5 ] 15 10 ns
67 i fRESET Riso Time 50 50 50 50 ms {2
a8 e /RUSLT Tail Tima 50 50 50 50 ms (2]
69 W tnpul Rise Time (Excepl EXTAL, RESET) 100 100 100 80 s {2
70 i tnpust Fall Thma (Excepl EXTAL, /HESET) 100 100 100 a0 ns (2},
Noates: ¢

1] teycetCHW s {CLWslclstar -

, {2] Treo pararretor h.u to s modifiad # other epecification(s) can not

be mel.
(3} Fer 26018012, V,, range In Iirnﬂad ot 5%.
(4] Numbers aie | aim y and subjact to ge withoul notice.
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L / .

* During /INT Acknowledge C;
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VO Raad Cyrdo

VO Wrlte Cycle

Tw T T4

YAWRWAWE

P

T2 Tw T

ADDRESS

o~ |28

P

CPU Timing ((0C=0)

170 Read Cycle
1O Write Cycle

1

."_‘-_’,B

. DRtGi

CPU or DMA Read/Write Cycle (Only DMA Write Cycle for TERDY
T2

Tw Ty T

(ot teve! sonse)

BREGH
(a1 edge sanse)

3 o)

3 47

ST

DMA Contro! Signals

*1 tpnos and tppaw are specitied for the rising edge of clock followed by T,
*2 tongs 8nd tppaw 8re specifed for the nising edge of clock.

‘3 DMA cyclo starts,

*4 CPU cycle storts.
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: 49 50
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t!'O Write) / t‘ls._.
) B‘_‘—s‘
. -\ LI
e D G N X
' E Clock Timing l Memory Read/Write Cyclel '
. 1/0 Read/Write Cycle
i € — r— 49 . nf 50
1 BUS RELEASE mode
! (SLE&'P made )
| SYSTEM STOP mode
! E Clock Timing (BUS RELEASE Mode
l : SLEEP Moda
| SYSTEM STOP Mods
|
{
e

E X 50 52 |-"49

) % /[

bl -@ {of == i
Op-gode fetch r..ag N - e 84 - 53

3
{t O Write) _ﬂz

E Clock Timing [ Minimum timing example
1 of PygL and Pywen

A TOUT

A S\

Reg = VOVOH

5

Timer Output Timing \
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. R . Next op-code fetch
n . n A i g prd N .
¢ . Clock )
. i
Transmit date
Ontema! Clock) X .
57 1 &7
' N 32 :
NY — Transmyit dota ‘)1 Y :
v {Extemal Clock) : L
n n
i 58 | 59 58 59
N e ==
Receive dota ;
‘ TN/, S 141/, (7777
Ao~Aw o X ) TTE,. | 1661, FYTBe | 1681
il Receive data )
WRED. ’ {Extemal Clock) J
% , MU f 7 14 60 61 60 61
43 +
44 _
- ALY
-} Figure 68. CSIO Recelve/Transmit Timing
SLP Execution Cycle



TLE27M2, TLC2TM2A, TLC27M2B, TLC27M7
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

071140, GCTORER 15A7 - REVISED FFBRUARY 1989

TLC27M2, TLC27M2A, TLC27M2B, TLC27M7
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

Frimmed Offset Voltage: D. JG. OR P PACKAGE

C27M7 ., ., 500 uV Max at 25 °C, ! (TOP VIEW)
bD = 5V rout(r U Vob
Input Offset Voltage Drift . . . Typlecally 1IN~ [2 7{}2 out
0.1 uV/Month, including the First 30 Days 1IN+ EJ 6|2 IN-
® Wide Range of Supply Voltages over GND Q2 52N+
Spacified Tomporature Range: FK PACKAGE
-565°C to 126°C...4Vto 16 V (TOP VIEW)
‘=40°C to 85°C...4Vto 18V P
0°Cto 70°C... 3Vt 16V 2 o
WOy oy
Single-Supply Opsoration & - > 2
o At LI AT T
® Common-Mads input Voltage Rangs I 2 =d0)2
Extends Bolow tha Negative Rall (C-Suffix, NC [14 18] NC
1-Suffix types) 1IN-- 16 1702 out
NG {18 16{INe
® Low Noisa ., . Typlenlly 32 aV//Hz 1IN+ B7 w2 v
otf = 1 kHz ne hs 1a(]ne
® Low Power . . . Typically 2.1 mW at 25°C, D 10011213
Vbp = BV Voo +u
2zz52
& Output Volitage Range Includes Negative (Y] o
Rall

NC —No intarna!l connection

High Input Impedance . . . 1012 Q Typical '

absolute maximum ratings over operating free-air temperature range (unlass otherwise noted)

Supply voltage, VDD (888 Note 1) . . .. i ittt ittt et e it e i eenenenan . LAY ¢
Differential input voitage {see Note 2)......... e e s %Vpp
Input voltage range, Vi {any input} .......... et sttt v -0.3VtoVpp
input current, .. ... s e et as e e PN +5 mA
Output current, Ig (each QuUIpUt] . . .. ... . it it ittt st iinrraresere. £30mMA
Total current into Vpp terminal . .. ... ... ... - T
Total current out of ground terminal . et e et veasee... 45 mA
Duration of short-circuit current at (or below) 25°C (see Note 3) .............. « 4o« unlimited

Continuous total dissipation .
Operating free-air temperature, TA: M- sufflx

. . See Dissipation Rating Tabla
e ~85°C to 125°C

1-suffix . Ch e et e -40°C to 85°C
C-aufﬂx Ceiteee st e et essasaesass. Q° to 70°C
Storage temperature FANGE .. . ... vt v et a e eiseeseaes.. =86°C to 150°C
Case temperature for 60 seconds: FK package . .« . oo v vt vniisorinoncssasssns., 280°
Leod temperatura 1,86 mm (1/18 Inch) from oose for 10 seconds: D and P package ....... 260°C
Lead tamperature 1,8 mm (1/18 inch) from cese for 60 seconds: JG package ........... 300°C

NOTES:

1. All voitage values, except differontial ara with respact to k ground.
2. Differential voitages are ot the noninverting Input with respact te the invarting input.

3. Tha output may be shorted to either supply. Tampavature andlor supply voltages must ba limited to ensure that tho maximum

ded (see appli .

digsipation rating [s not

DISSIPATION RATING TABLE

e ) ; Py v Ta < 26°C DERATING FACTOR Ta = 70°C Tp = B6°C Ta = 128°C
@ ESD-Protection Clrcultry POWER RATING  ABOVE Tp = 26°C  POWER RATING POWER RATING  POWER RATING
M D 726 mW 6.8 mW/°C 464 mwW 377 mwW
[ ] 'sw'lrall-(Jutllnu Package Option Also Avellable K 1376 mW 11 mWIoC 880 mwW 716 mw 276 mW
n Tape and Reel JG (M-suffix) 1050 mW 8.4 mWI°C 672 mW 546 mwW 210 mw
¢ Designed-In Latchup Immunity JG (C-, |suffix) 826 mW 6.8 mw/°C 528 mW 429 mW
; P 1000 mW 8.0 mW/°C 840 mW . 520 mwW
AVAILABLE OPTIONS '
DISTRIBUTION OF TLC27M?7 recommended operating conditions
Vigmas PACKAGE INPUT OFFSET VOLTAGE
Ta at SMALL CHIP CERAMIC PLASTIC 30 g \ NSV M-SUFFIX 1-SUFFIX C-SUFFIX uNmT
259¢ OUTLINE CARRIER pIP pip 340 Units tasted from 2 wafsr fots MIN NOM  MAX | MIN_ NOM MAX [ MiIN _ NOM MAX
(>} {FK}) JG) [} 28 Vop =8V | | Supply veoitage, Vpo 4 16 4 18 3 18 v
poc 290 sV TLC27M7CD — TLC27M7CJG | TLC27M7CP £ :A; -k“"c o de tnput vol vic Vpp = 6V ] 3.5 | -0.2 35 |-0.2 as v
o 2 mV | TLC27M2BCD - TLC27M2BCJG | TLC27M2BCP (P Rl i Q d Vpp = 10V 0 8.6 | -0.2 8.8 |-02 8.5
10°C § mV } TLC27M2ACD - TLC27M2ACJG | TLC27M2ACP g Opersting fres-alr tamporature, Ta - 68 126 | ~40 88 0 70 oc
10 mV | TLC27M2CD - TLC27M2CJG | TLC27M2CP % 18- i
-ageog 500 sV | TLC27M71D — TLC27M7IJG | TLC2TM7IP ;
m 2 mv | TLC27M2PD - TLC27M2BJG | TLC27M2BIP | 10l i
ppec BV [ TLC27M2AID — TLE27M2AIJG [ TLC27M2AIP 1 i ‘L,. '
10 mv| TLC27M2ID — TLC27M2IUG | TLC27M2IP 6 [
-s;vc 500 pV - |nc2mmrx | ic2rmmss - ' § i e =
vagee | 10 mv - TLC27M2MFK | TLC27M2MJIG - -B00 40D o 400 800 $
trs O pac\mga In availeble In tape and resl. Add R suffix to the devies type (e.g., | Vio—rput Otfaet vm\"’-'v

RE27M7CDR). |

;
LKCMOS i5 n tradomark of Texas instruments Incorporsted
e 5O ; :

"




TLC27M2, TLC27M2A, TLC27M2B, TLC27M7

. TLC27M2, TLC27M2A, TLC27M28, TLCZ7M7 ) i
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS ~ LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

juivalent schamatic (each amplifier)

iN+

P3

]

=

P2

[

JuS—

[

[ a—
2

N1 N2
] o R4

it
j@
i
T#]

ouUT

description

The TLC27M2 and TLC27M7 dual operational amplifiers combine a wide range of input offset voltage
grades with low offset voltage drift, high input impedance, low noise, and speads comparable to that of
general-purpose bipolar devices. These devices use Texas Instruments silicon-gate LInCMOS™ technology,

which provides offset voltage stability far exceeding the stability available with conventional metal-gate
processes. :

The extramely high input impedance and low bias currents maka these cost-effective devices ideal for
applications which have previously been reserved for general-purpose bipolar products, but with only a
fraction of the power consumption. Four offset voltage grades are avallable {C-suffix and I-suffix types),
ranging from the low-cost TLC27M2 (10 mV) to the high-pracision TLC27M7 (500 V). These advantages,
in comblination with good common-mode rejection and supply voltage rejection, make thase devices s good
choice for new state-of-the-art designs as well as for upgrading existing designs.

In general, many features associated with bipolar technology are available on LiInCMOS™ operational
amplifiers, without the power penalties of bipolar technology. General applications such as transducer
intarfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed
with the TLC27M2 and TLC27M7. The devices also exhibit low volitage single-supply operation and low
powaer consumption, making them ideally suited for remote and inaccessible battery-powered applications.
The common-mode input voltage range includes the negativa rail.

A wido range of packaging options is available, including small-outline and chip carrler versions for high-
density system applications.

The davica inputs and outputs are daesigned to withatand - 100-mA surge currents without sustaining
latchup,

The TLC27M2 and TLC27M7 incorporata Internal ESD-protection circuits that prevent functional failures
at voltages up to 2000 V as tested under MIL-STD-BB3C, Method 3015.2; however, care should be

exeicised in handling these devices as exposure to ESD may result in the degradation of the device
parametric performance.

M-suffix devices are characterized for operation over the full military temperature range of ~66°C
1o 125°C. I-suffix devices are characterized for operation from —40°C to 85°C, and C-suffix devices
are characterized for operation from 0°C to 70°C.

vET
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TLC27M2ZM, TLCZTMTM
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

TLC27M2M, TLC27TMTM
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

slectrical characteristics at specified free-air temperature, Vpp = 5 V {unless otherwise noted}

electrical characteristics at specified free-sir temperature, VDp = 10 V {unless otherwise noted}

PARAMETER TEST CONDITIONS TA' "MIN  TYP MAX | UNIT PARAMETER TEST CONDITIONS T A' MIN  TYP MAX | UNIT
Vg = 14V, =0V, 25" .1 1 - =
Tiezzmzm] VO 4 vic =0 C ! O v TLC27MZM Vo = 1.4V, Vic=0V, 26°C 1.1 L .
Vi Input offaet vol Rg = 500, AL = 100 k0 Full rangn 12 v | " . Rg = 500, R = 100 k0 Full range 12
0 ; ® [reczommm| Vo = 14 V. Vic = OV, 25°C 185560 [~ 10 Input offaet voitag Ticzrmma] VO = 14 V. Vig = 0V, 26°C 180 800 |
Ag = 601, AL = 100k [Full rango 3750 Lc27 A = 601, R, = 1000 [Full renge %00 | "
Average temporatura coefficlent 25°C to Average temperature costficlent 26°C to
1.7 avI°C 99 temp X
vIo of Input offset voltage 125°C VIO o Input offget voltage 126°C 2. avice
25°C 0.1 pA 26°C 0.1 pA
o input offset current {see Note 4) | Vo = 2.5 V, Vic = 28V 735°C 74 5 A ho input offset currant (see Note 4) | Vo = BV, Vic=8V 126°C 16 B 1 oA
- 28"C 0.6 pA 28°C 0.7 pA
in Input biss current (ses Nots 4} Vg = 28V, Vic = 2.8V T25°C N 35 T nA g Input blas current (see Note 4) vg = 8V, Vic =8V 126°¢C T BT
0 -03 o -03
26°C to to A 28°C to to v
v Common-made input 4 4.2 i Common-mods input 9 9.2
R vor Note § o VicR
voltage range (sye ote 8} voltage range (see Note 6) o
Full range to v Full renge to v
, 3.5 9.8
25°C 3.2 3.9 26°C 8 8.7
Von  High-lavel outpit voltage Vip = 100 mV, Ry = 100 ko -65°C 3 3.9 v VoH High-lsvel output voltage Vip = 100 mV, R = 100 kD -56°C 7.8 8.0 v
126°C 3 4 128°C 7.8 8.8
25°C 0 H0 28°C 0 60
VoL low-leval mm:ut' voltage Vip = -100 mV, oL = 0 -55°C 0 50 mv VoL  Low-level output voltege Vip = -100 mV, oL =0 ~66°C ) 80 mv
K 125°C 0 50 126°C [+] 60
28°C 26 170 . 26°C 28 27%
Largo-signal ditferential - '
Avo vo:rm‘zmmm:mon Vo =028V1a2V, R = 100kn -58°C | 15 290 Vimv Avp u?s i Gl Vo=1VtoBYV, R = 100 kD ~86°C | 15 420 Vimv
. 135°C 15 120 voltege amplification 126°C 5 180
25°C 65 9 28°C [:]] 84 .
CMRR Common-mode rejaction ra.io Vic = VicR min -565°C 60 89 d8 CMRAR Common-mode rejection ratlo Vic = VicR min ~66°C 80 83 8
126°C 60 21 126°C 80 23
. 26°C 70 93 28°C 70 83
Supply-voltage rejection retio -
KSVR pave ey ! Vop =BV 10V, Vg = 1.4V ~B6°C | 60 91 B i s"\‘l"’",:‘;‘/'"“" fejection rafiy VoD = 6V 10V, Vg = 1.4V ~e6°C | 60 91 @
op'avio 1257C | 60 94 1aVpp/aViol 126°C |60 04
25° 210 560 °
Supply current Vo = 25V, Vic= 25V, g Supply current Vg =6V, Vic =BV, 28°C 286 600 .
0 jrwo amplifiers No tosd Gk e NS DD o amptifiers) No losd - 66°C 4801000 | pA
P 125°C 140 360 SRR 128°C 180 480

! Full rangn Is - B5°C to 126°C.

NOTES: 4. The typleal voluas of Input bias current and Input offset currant below 5 pA were determined mathematically.
6. This ranga also spplies to each Input individusily,

4

1 Full range is -86°C to 128°C.

NOTES: 4. The typical values of input bias currant and Input offset current baslow 6 pA wera dotermined mathemetically.
8. This range als{ applies to each Input Individually,
-

Sel




: TLC27TM2ZM, TLC27MTM
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

perating characteristics, Vpp = 5 V

PARAMETER TEST CONDITIONS TA MIN  TYP MAX | UNIT
25°C 0.43
=1V ~55" .54
AL = 100 ka, Viep 55°C 9.5
126°C 0.29
SR Slew rato at unity gain CL = 20 pF, 25°C A0 Vips
See Figure 1 Vipp » 2.5V “h5°C 0.49
125°C 0.28 o
{f = 1 kHz, RAg = 100 M, o P
Vn Equivainnt input nolse voltago So0 Figure 2 25°C 32 nv/ Az
: 25°C 55
Vo = Vou. CL = 20 pF,
Bom  Maximum output swing bandwidth ~H55°C An kHz
i
RL = 100 kA, . Sno Figud 1 TR oG yr
25°C 625
V| 10 mv, 20 pF,
81 Unity-nein bandwidth Gon Flaura 3 CL - 200 ZB5°C 50 kHz
9 128°C 230
25°C AQ°
Vi = 10mV, f =By,
ém Phase margin ~55°C aa9°
d , i
CL = 20 pF See Figure 3 T35°C 60
oporating characteristics, Vpp = 10 V
PARAMETER TEST CONDITIONS TA MIN TYP MAX | uNiy
: 25°C 0.62
V| =1V ~55" .81
Fi = 100 k0, e .::ng ggs
SR Slew rate at unity galn Cp = 20 pF, : Vips
Ses Figure 1 a M 2E8
. o Vipp = 5.6V ~55°C 0.73
125°C 0.35
f = 1 kHe, Rg = 1000,
' L]
Va Equivalent Input noise voltags Sna Figure 2 25°C 32 nV/JHAz
25°C 35
Vo = Vou. CL = 20 pF,
i1 8oM  Maximum output swing bandwlidth = 55°C 50 kHz
' AL = 100 k0, Ses Fi 1 -
L =100 o8 Fgure 126°C 70
25°C 835
Vi= 1t vV, = 20 pF,
B,  Unity-gsin bandwidth s:m . ?"': s G P ~B5°C 960 Tl ke
‘ Y 125°C 440
25°C a3°
Vi = 10 mV, { =By,
ém  Phese margin -B6°C a7° |
CL = 20 pF, Sea Flggveﬁ 7755 397

9eT



Hex Schmitt-Trigger Inverter
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$ Al typcal wwee 210 81 Voo =5V, Tao=IT.
®Nol more than Ono Oulpu! shoult DO Shoried 81 & time,

+ 5414,/7414 . .
c igh- Low-Power Schottay TTL Standard TTL Low-Power TTL
Schottky TTL High-Speed TTL. L y
R . Package . Package Package Package . Package
Device Type Device Type € _ip, Type O Type B Device Type
C | P {MI[CF| CiP|MICF| C (P |MICF] CjP|M|CF] : C|P|M|CF
T.1 HNSLLS 14 J 1 W (] Stasad 'K W
e SNILS 12 5 N SNISte 3 rCINCY)
RCHI sttt HERSW o Hof Pesea - Armie ol
FAl LD FOMa3 14 - KORSH ol p0 [ of i »Q0
§
MOTOROLA H Sh.Sid P MC 14 P
DMSALS 14 i DAL 4.0 il w |
N S c DwvleL Sit “ (M4 4 VIN-T W
MUPS NILSH K1 N R
NS4t4 ECXE
SIGNETICS NULS 4 X X18id F ool
SIEMENS
FUJITSY D o]
HT HO ML S8 (P4 HD 44 NPT
M”.ws'ﬂ MILS 14 P 3214 P 0
. 3
NEC
1
TOSHIBA
Electricai Charactenstics SN54LSI14/SN74LS14 .
abapiuts maximum saLngs Deer ng frae-ai range .
Baoon o VGG T Opwrewng So-as T snsacs “HC W 15T Sch_emahcs (each gate)
Legut woitege . v trmpstgime (200 [ snoas ot ©w  WC
B 520000 MEpmahae L8900 -8T r 10T
SNBALS 14 BN74LS 14 A '
o3 O WAX [ iw oo MAX ~
S0l wollage. VOO (33 s LX) (8. $ »n v
NP Gulput 085S, S0u parrey — &0 pry . -
Lowr-isvs! uipu awteny. 4] 4 [l ad -
Opnratey Mes-av tempoiniwe. Ty -8 w L] » T .
electrical characteristics over recommended opersting
free-air témperature range d
PARAMETER YEST CONDITIONS 1 MIN TYP$ MAX { UNIT
VY4 Paositivo-gouy Ihreshald vollage | Vep =5V 1.4 1.6 18] v INPUTS
V1 —  Negatwe-gomy threshaid wollage v§c-—-sv 0.% D.8 ] v - A= <
Hystoress (VYo —Vy-} veg=5v 04 0.8 v
vy Jut clamp vollage Voe=MIN. §j=—3isma ~15f v
i — VCC=MIN. Vj=Vy-mm, ¢ 3
VoW High-isvel ouldut voliage lon=MAK 23 3¢ .
- v MIN, = i
VoL Low-level oulpul volisge ‘occ: Yos VisiDyma 0.2 04| v
3 L .
" 14 CIRCUIT
inpui cutient al
= - s
T positiva-gaing (e veo=5%v. Vi=Vra 0.18 L
ingut current 81
- 3 - - A .
v egative-gorng threshold Vee=sv, V=V -0 "
thout current a1
W v MAX, LYy
! Daxemum put voltage C I Al
Iy High-leve! mpul Current Vog=MAX, V=29V 201 A
M Low-lovel tnput cursent VOE=MAR, vy =0 .4V ~0d | n&
o1 Snori-carcunt oulput Qurrem @ Voo =MAK = =100 | ai .
Total, outpul Bem N 8.6 16
SMAX -
ice :::" Tolat. oulpul tow veo 1} 21 | mA _
bvesage pi pate | Voo =8V, 509 aay cyoe 1.12
Propagat:on delay Lume,
PLH e io-ngn-tovel outut vee=sV.  Ta=T. oS
Propagaton duls) Lima, X y h
PHL \orxw-tove! Output CL=ISPF. A =nd . 15 2| m
Pin Assignment (Top View)
VEC B4 6Y A & 4 &
sl fial fe2] foo] feol Yol fa .
. . i -
1518 CHONT
.
@ I ; ' ; N b
. J1 g
Y 26 8Y nN
povitive log: -
. YeRk . Resstor walues shown are nominst and in ohms.
1For pONdiloNs Shown 88 MIN or MAX, e the uner ’ , .
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~r .
54121 /74121 Monostable Multivibrator with Schmitt- Trigger Input
Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Peackeage Pechage P tage LPackage Package
Device T Device Type Device Type —] Device Type D Type
YPe rcipImIcF cleimicH c[Pmleq c[pImcF YPe feTeImicF
+ SN5S812¢ 1" Wit SNBaL 10t L) PN T
Tl SNIZI SN SNIEL 171 TS SR
£ MSA17(7F M3503 (D1 Fry .
FAIRCHILD FCT4121/F C9603 {00 1P7:
MT58i2) &3 T
MOTOROLA ' WMCTa12t NI ENES
DMS4i21 J NG wi
NS.C. DAIA1Z] QN
PHILIPS - FIKI01 78121 [
55412 Fifand] et
SIGNETICS. N14I21 edfam] fwn:
SIEMENS ) FLRIO! LB
FUSITSU
HITACH ; HD74121/HDZ543 | QP'L
MITSUBISH! 53321 =
NEC
0SH ! F.
TOSHIBA - t { YOMI2IA =3 T
Electrical Cheracteristics SN545121-SN74S121 Pin Assignment (Top view)
abrolute mprimum ratmgs over opersting free-sir temperstute vange q(‘__, 3 ,
Seraty vemege WU ) [ Overatas rs o = | st int VCe NG NG ted Cen Rew MEC NE-No mevral conrection
toro! verant | 3 - ] g of o FOC 10, N1} [T noL e, .
12t--Rgy = 200 NOM
Trrepe ewnlen GRgs 0t 1AL (S WX
; R/ B LI21~Rgy = 460 NOM
recomended operaling cond:tions (D i 1 )
1
SNSas§121 SN7aS121 > -D l .
MIN NOWMAX [MINNOMIE~Y | ¢ s [2) - -
Scarls et'tage VOL 13 3 3 an s ER.S v a3
=gt tovel getat Corwar =3 2 L f L '_l ‘I
10 tever wytpnl coweel 1 I3 - Mw
Tow ooy o of T omr oo # 7 B Y NC Al A2 B 0 GND f’s
aput a_pm ~ | tere apere. ALK i 1 ¥ A
e - 1 = Function Table
oy pnty, 4 e A e 0 L3 . of
e 7 —t = - 121, 'LI2¢ (See Note)
[ N Iy (3] INPUTS oUTPUTS
S e % BT o« =] ° 2Y _A2 B| O @& _ !
Oveteg boe art waoe itz 1 » w e n| ¢ L X sl L ]
electrical charscteris}ics over recommended operating x L IR H
free-air temperature range x X L] L H
PARAME TER T TEST CONDITIONS ¥ MIN T¥DP § MAX JUNIT H H X L e
VT4 Postvegong theashold voltage | Voo = MIN A wpugt 6 2l v H I} oo
Vi~ Negatie-grng Freshold vollage | Vg =MIN B wgut ts 14 v i " oW v
V14 Fostve-gomg tiwaghold voltans | Voo =MIN B rout 5% 2 V 1 L I AT
VI—  Nagstive-gomg threshold volianr | Vog =MIN B ost [ v LooX N E |
Vi inout ctamp voltage VGC=MIN, h=——tzmA —is] v e 2RIV
VOu  Mgh-level oulpul voltage VOO=MIN,  Inu=MAX 24 3s v . g
VoL Low-ewl muiput voltage vCC=MIN. ‘gL = MAX €2 04| Vv schematics of inputs and outputs
int cureent at . Ve —— "~ - Voo
VEETMAK, V=5 8y
" manmum inpul vohtage ¢t == )& Bon o
1 High-levsl mput ourren) VeoTMAX, | A1 or A2 _m_ wh e
™ High-lave! mput current fvi=2.4v 8 ®] oa INPUT --
o Toccmvax. [Rio a7 i i +
L Lowders! moul gurrent vy =0.4v G 32| ma b OUTPYT
5 Comily | -20 ~S8 -
los Short-gwou outpul current ® _ycc=fdﬂl W Femly | =08 -y LYY Ryq NOW ) é
Ovwscent 5% INPUT o L e
1 curren Max
ce ASWW ! _Vcc' Trggeret I &0 Al dk3) Ay N2 R, - a3 NOw
) - A2 LRS} B & 'R 17 - SN [y
: vee= SV " EQUIVALENT DF EACH INPUT. TYPICAL OF BOTH OUTPUTS
Propagaion delsy tme, low-to-hah- .
PLH Isve! © \ trom B input Ta=25C {Cr=80F. B 85| ns
Propagaton delay time. > Tegh-lo-iow- Cu=thoF, [Rintto Ve NOTES : A, H=Mgh isvel (seexdy siete), Llowievs! (mieady swmie), 1=tanion from
'PHL et © output_trosh mther Awoen |PLTSE |- bl low to hign tevel, | =iransition e hh 1o fow tevel, JL mone
g, PTOVOGRTRN delzy tme. heph-totomr- | re “’“""::;)m'v =one fow-tove puise. x (any mpat.
leve! Q pulput from B inpest B. To use e misrnal teming resistor gonnect By 0 Vpe.
o) Puise widih obisined usmng Veoesv. Ty =80pF, 0 ur ol e C. An eaternat tming may be [ Cext {poitive) and
terna! timmg resistor TaA=25T Rt to VoC i Rext /Ceart,
Ylout) Puise widih obtemed with CL=ihyF Cy=0. ° *D. For ocurmip repeatabls puise wiiths. oonnect 8n external remisior between  *
2800 timing oANAGiATOS R =00 Rmt tv Veg » i € ?:‘g&:‘;:a:ccm, _:“;n'm'm"" :
tefoun) Pulss wisth ohisined usmng CT=100pF. Ry=10xl| 600 WX 6| m ) Rt & Rgy1 /Coxs 800 VOQ
externo) iiming resiior Cy = inF, Ry =t0x0 8 ? 1D . )
valom apeotfed onder 9

tFor oondiions shown as MINor MAX, use the agor
$40 typioal values sre Bt VGO =Sy, TASIT
eNot mors then one output shouid be shortad 81 & time.
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