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Advance Information 

MC68701 MICROCOMPUTER UNIT IMCUI 

The MC68701IS an S-bit Single chip mIcrocomputer unit tMCU) which 
Slgnl' -4r"1,.'1 enhances the capabilities of the M69.'X) family of parts. It 
can b., used In produCtion systems to allow for easy f,rmware changes 
with :.1II1Imum delay or It can "be used to emulate the MC6BOlI03 for 
sohwarb oevelopment. It Includes an upgraded M6IIX) mIcroprocessor 
unit rMPU) with upward source and object code compa!lblhtv Execu­
tl0r, limes of k.ev Instructions have been Improved and S60.dral new In­
structions nave been added Including an unSigned multiply The MCU 
can functIon as a monolithic microcomputer or can be expanded to a 
64K byte address space It IS TTL compatible and requires one + 5 volt 
Dower supply lor nonprogrammlng operation. An addltlon,,1 Vpp power 
Sl;pply 15 needed for EPROM programming. On-chIp resources !nclude 
2048 bytes of EPROM. 128 bytes of RAM. Senal CommuniCatIons Inter· 
face {SC!I. oarallel 1{0. and a three functlo('l Programmable Timer A 
summary of MCU features includes: 

• Enhanced MC68CX) InStfuctK)n Sel 
• 8 x 8 Multiply InstrIJCtlOl" 

• Serial CommunIcations Interface (SCII 

• Upward Sourc~ and Oblect Code Compa1ibllity With the MC68C() 

• 16-BI]" TtHee·Funcllon Programmable Timer 

• SIngle-ChIp or Expanded Operation to 64K Byte Address Space 

• Bus CompatIbIlity With the M69:Xl Family 

• 2048 BYies 01 UV Erasable. User Programmable ROM t!:PROMI 

• 128 gvtes of RAM (54 Bytes Ratalnable on Powerdownl 

• 29 Parall8' I/O and Two Handshake Controlltnes 

• Inlernal Clock Generil10r with OIVlde-by-Four Output 

• 40 to 85°( Temperature Range 

GENERIC INFORMA-TION 
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MC68701 

Me.rol MICROCOMPUTER BLOCK DIAGRAM 
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THERMAL CHARACTERISTICS 

Themlal ~e56Slance 
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yalue of 1A 

558 



MC68881 


THE MC68881 FlOATING-POINT CO-PROCESSOR 

'The MC68881 is a high-performance HMOS flOatlng-pornt processor desIgned 10 Interface with the advanced MC60020 
microprocessor It can also be used as a penpheral In sysTems with other processors The MC68881 1$ a comprehensIve 
floatlng-pomt co-processor !hal proVides a wide range of Hoatlng point capabilitIes sei'dom found even In a large mam 
frame computer. System performance wlIh the MC68020 ,s the overrtdmg des'gn goal ot.the MC68881 

ARCHITECTURE 
The architecture of the MC68881 was defined as an extenSion to the architecture of the M68XXl Family It IS a register· 

oriented processor The programmer's model tor the MC68881 IS shown In Figure 1 

FIGURE I - PROGRAMMER"S MODEL 
79 

Float,~-P()tnt Data Register 0 -
Floahng-POint Data Register 1 -
Floahng-Polnl DaTa Register 2 

FJoatlng-.P()4nl Dati RegIster 3 

Floal1no,PC)tnl Data Register 4 

Floating-POInt Data Register 5 

Floaf'nq-Pornt Oala Reglstet 6 

Floahng'Poml Data RegIster 7 

15 
Control 

Exception ­
-

Accrued hceptlOn 

Condition COCSes-LL 

3t t 0 
InStructIOn Address I 

Ttlefe are eight ~tMr ftoatlng*POInt data registers TheSe registers a~ayS hold full extended preciSion numbers 
The contrOl word contains the _ selectable modes. The accrued excepl,on word contaons the Iogical,nclu"ve OR of 

the exceptions foe' ... operattons Since thf last Cleai of the accrued exceptton regtStef. The exception word contains the­
excepttOnlsl of the list operation only The condittOn code 'eg.ste< hOlds lhe result of the last compare ,nstructlOn 

The instructtOn address .regestef contains the address In maIO processor memory of the &ast Instructron executed by the 
co-processor. This.cldress can be used during an effor trap to determine the address of the faulty Instruction. 

ARCHITECTURAL ::J2TAILS 

OeatT_ 
The MC681!81 tneorporates four""", data t...- They are 

S'ngle p,lCIStOfl Reel (51 
Double PrOCtsoon RNI fol 
Double- Extended Preo$,ori Real IXI 
Packed RNI BCD St",lg IPI 

In the ISsembfv t.nguage syntax these new data Iypes are handled ,n lhe same "lanne, as the eX'SlIng byte. word and 
long word data types The suff;x .. ~. o. X. and Par. appended to the QpcocIe 
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Operation Types 
The operations on the MC68881 can be broken Into five major types They are 

Dyadic Operations 12 operands) 
Monadic Operations (1 operand) 
Moves and Conversions 
Conditional Tests 
Control Operations 

Dyadic Operations - All dyadic operations have as their SOurce argument a MC68020 memor.,. iocation. a MC68020 
data register, or a floating-pOint data register The Source IS converted to double-extended precISion. If 1"101 already such 
The destination argument IS always a floating-point data register The result IS returned to the floating-pOint data register 

defined as the destination argument 
Mon.dic Operations - The monadic Instructions only have one argumenl It IS either In MC68020 memory, an 

MC68l2Q data register, or In a floating-point register It IS always converted 10 :jouble-extended preciSion format. if It IS 
not already The destination IS always a floating-point register ­

Moves and Conversions - Conversion to double-extended preciSion format IS Implicit In the move-In portion of the 
dyadic or monadic operation Similarly, data contained In floating-point registers may be converted 1O olher formalS as 
operands are moved out of the MC68881 

Conditional Test - The condltlonallnstruC\lons are the FBcc and FScc which are Identical to the M68(XX) Fa.mlly tn­

structlons Bcc and Sec except they use the MC68881's condition codes for determining the truth of the condition 
Cont~ Operations - The contral,nStructlons are used to set modes In the control register and to read the exception. 

accrued exception, and mstrUClion address registers 

Co-Proceuor Interface 

The co-processor Interface deSigned by Motorola IS an Integral part of the deSign of both the MC68020 and the 
MC68881 deSign The Interface IS clean and slmp!e With the MC68020 and MC68881 sharing the taSKS of the Interface The 
MC68J20 prOVides services tor me MC68881 at the co-processors request The serVices prOVided by the MC68020 are the 
ones done more effiCiently by the main processor 

On the other hand, the MC68881 does not depend on the MC68020 for all services as do some co-processor schemes 
Once the MC68020 has provided the services requested by the MC68881 (which may be none) It IS free to continue pro· 
cesslng. Thus the chOice of concurrency or non-currency IS determined on an Instructlon- bY-Instruction baSIS and IS aeter 
mined by the co-processor The great majority of MC68881 Instructions are In fact overlapped In execution With MC68020 
Instructions 

Since the co-processor Interface IS Simple and fleXible, It opens up the pOSSibility of user· created co-processors For thiS 
and other reasons the co-processor Interlace aHows multiple co-processors In a system Furthermore. Ihe Same handshak 
In9 that occurs between the main CPU and the co-processor can be Simulated In software on (PUs that do not have the 
co-processor Interface, by treating the MC68881 as a penpheral 

Lastly. the co-processor Interlace was deSigned with the ever grow,"". M68CXXl Family In mind The MC68881 is full\­
compatible With all future and eXisting M6OCXX> parts including the M68450 DMA Controller, the M68451 Memory Manage­
ment Unit, and the MC68020's cache memory It also supports true Virtual memory 

Implemenultion 
The MC68881 IS a microcoded processor whose compleXity IS on the order of the MC68020 Itself It wl!1 be budt uSing 

Motorola's advanced HMOS III process 
The hardware consists of a high-speed 67·bIt ALU for manipulating mantiSsa bits The hardware also Includes a barrel 

shifter that can shift from 1 bit to 67 bits In one machine cycle The barrel Shifter not only speedS up stanoard anthmetlc 
functions, but IS also a fundamental part of transcendental function Implementation Since argument reduction for 
transcendental functions Will be performed by the microcode. the number of functions prOVided will be dependent on the 
available microcode space 

THE IEEE FLOATING POINT STANDARD 

The MC68881 IS a conforming Implementallon of the proposed standard In fact It nOI only supports afl the requlfed 
features and functions of the proposed standard, but also Implements most of the suggesred features as well. Furlher. the 
MC68881 conforms without the need for any software externaf to the processor All opera1tOns take pface In high· speed 
hardware 
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Data Format Conformance 

The MC68881 supports three data SOles def,ned by the proposed standard. They are single. double. and double­
extended. (The slngle~extended type IS redundant when these three are Included; all references In thiS document w.hlch 
refer to "extended" ,mply "double-extended" I The format 'for all three data types has the basic organization of 

mI s 

where 
5= ,.gn 
e= exponent 
m= mantissa 

Size in Bit. 

Stoole Double Ex1ended 

5'9n , , 1 
EXDonen1 8 

" 
15 

MantiSsa 23 52 64 
Total 32 64 00 

The three formats described above afe the formats which are assumed by lIoa''"9·polnt numbers In user's memory 
Each trme one of these numbers IS transferred to the MC68881 It IS converted Into an extended real number. Thereafter. all 

r operations In the co-processor take place With full extended preciSion Even Integers and BCD stnngs are converted Into 
OO-blt numbers when they are loaded Into an MC68881 data register ThiS means that the MC68881 supports ·mlxed mode 
arIthmetIc 

Data Type Conformance 

TtJe proposed standard requires that not only must normahled numbers be recognIzed, but that special data types must 
also be recognIzed The largest and smallest exponents are reserved for these specIal data types 

POSItIve True Zero 
NegatIve True Zero 
Plus InfinIty 
MInus InflOity 
Denormahzed Numbers 
Not-a-Number (NaN's) 

Operation Conformance 

All operations speCIfied by the proposed standard are supphed In full preciSion by the MC68881 The arithmetiC opera-
lions prOVided are 

Add 
Subtract 
Multiply 
DIVIde 
Remainder 
Compare 
Square Root 
Integer Part 

MODE CONFORMANCE 
Rounding Modes - The MC68881 supports all four round,ng modes spec,f'ed ,n the standard: 

Round to Nearest 
Round Towards Plus Infinity 
Round T awards Minus Infinity 
Round Towards Zero 

Rounding Precisions - Even though the MC68881 does all anthmetlc to full OO-b,t precISion. somet'mes ,t 's desirable to 
found the SO-bit result to the preciSion of a SIngle or doubte result The three chOIces are: 

Round to Extended (Default) 

Round to Ooubte 
Round to Single 



Infinity Closur.. Two types of Infinity Closures are also defined by the standaro and supported In the MC68881 
Aff,ne closure defines a number system where both plus and minUS Infinity eXist and are at opposite endS of the number 
line • 

In pi-ojectlV6 closure, Infinity IS unSigned ana the number system can be thought 01 as a Circle which Includes all 
numbers 

Erra< Handling Conformance 

The proposed stanoard provides lor the hardware to trap It an error occurs O'n the MC68J20/MC68881 If an error oc­
curs on an enabled trap. the MC68881 will signal the MC68020 10 t~ke .:3 !rap and will SUpply a vector number In other 
words, floating pain! exception traps are handled IUSl like any Olher MC6&J20 Haps No external glue pans are reQuired 
and there IS no possibility of dead· lock 

BEYOND THE IEEE PROPOSAL 

The MC68881 offers many features and functions beyond those reQUired or suggested by the IEEE 

Addittonal Instructions 

Some at the additional If'!Structlons provided In the MC68881 are 

Absolute Value 
Negate 
Scale bponent 
Set Byte determined by Floallng,Polnt Condition 
Branch on Floating-Point Condition 
Get Index Based on Floating-Point Tvpe 
Move Constant to Floating-Point Register 
Get I=ractlon of Floatlng'POlnt Number 
Get Exponent of Floating-POint Number 
Moduto 

Transcendentals 

The MC68881 Includes on-chip hardware for evaluation of transcendental functions The functions planned are 

Sine x 
Cosine x 
Arc Tangont x 
Log Sase 2 
eX 
Log Sase e 

The follOWing functions will also be prOVided If there IS adequate space In the microcode after the above functions are 
Included 

Tangent x 
Hyperbolic Arc Tangent 
Hyperbolic S,ne 
HyperboliC C osone 
Hyperbolic Tangent 
Log Sase 10 
Log ease 2 
lOX 
yX 

Each of these functions IS calculated to double- extended preCISion 

SUMMARY 
The MC68881 IS the most comprehenSIve lIoalor,g-pOlnt processor II prOVIdes all the requored functIons and features of 

the proposed IEEE standard In hardware In addItion many other functIons are prOVIded to round out the support 
necessary In most numenc programs The architecture IS a logical extension to the M68:XX) Family architecture and IS 
ctean and easy to use_ Furthermore. It lends Itself to being moved on.to the main processor In the future. The co-processor 
Interface was desIgned WIth a great deal of thought; not only to allow It to work well WIth the MC68881 , but also to allow 
for future co-processors, multiple co-processors. and user defined co-processors Lastly. the MC68881 IS bemg designed 
With state-of-the-art hardware and all-out performance as the primary deSign goal 
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Me68851 

Product Preview 

THE MC68861 HCMOS PAGED MEMORY MANAGEMENT UNIT (PMMUI 

The MC6B851 IS a high-performance HCMOS paged 
memory management 'unlt (PMMUl desIgned to efficiently 
support a demand paged vIrtual memory enVironment as a 
coprocessor With the MC68.)20 advanced mIcroprocessor 
The MC68851 can also be used as a peripheral with other 
processors, especIally the MC60010 The MC688S1 proll1des 
an effiCient means of paging and access control The im­
plementation of a comprehenSive paged memor"'y manage­
ment system IS faCilitated by utiliZIng the follOWing MC688S1 
features" 

• 	 Very Fast Logical-la-PhYSical Address Translation 

• 	 Logical Address Consists of a 4·8.. Function Code and 
a 32·Blt Address 

• 	 Full 32·811 PhYSical Address 

• 	 Eight Available Page Sizes from 256 to 32K Bytes 

• 	 Fully ASSOCiative 54 Entry On-Chip Translation Cache 

• 	 TranslatIon Cache Can Hold Descriptors for MultIple 
Processes 

• 	 Internal Hardware Maintains Translation Tables and 
On-Board Cache 

• 	 MC69l20 Instruction Set ExtenSion and Instruction 
Ortented Interface USLng M6OCro Famllv Coprocessor 
Interface 

• 	 Supports LInear Address Space of 4 Glgabvtes or a 
HierarChical Protection Mechanism With Eight Levels of 
Prlvllegel Protection 

• 	 Supports MultIple logical and} or Phljslcal Bus Masters 

• 	 SupportS Logical and!or PhYSical Data Cache 
• 	 Supports Instruction Breakpoints for Software Oebug­

gmg and Program ContrOl 

The primary system funCtions of the MC68851 are to pro· 
VIde logical-to-phYSlcal address translation, to monitor and 
enforce the protection/privilege mechanism, and to support 
the breakpo,nt op8fations, The MC68851 also suppOrts the 
M68lX) Family coprocessor interface In order to Slmpkfv pro­
cessorI coprocessor communication 

ADDRESS TRANSLATION 

Logical-to-phystcal addr-ess translation is the most fre­
quently executed operation of the MC~' and, as such, 
thiS task has been OPtimized and requires mInimal processor 
intervention The loglCll address operated on bv the 
MC68851 conSists of the 32-blt incoming logical address and 
a 4-bn functten code 

The MCee851Inltiate5 an address translation by searching 
for the page descnptor corresponding to the loglcal-to­

phvslcal maPPing In the on-chiD translatlon-loo'Kaslde 
module iTLM) The TLM .S a very fast 54-entry fully· 
aSSOCIative cache memory which stores recently used page 
deSCriptors 1t the descnptor does not reside In the TLM. 
then the bus cycle of the logical bus master IS aborted and 
the MC68851 executes bus cycles to search the translatton 
table In phYSical memory The translation table IS a hlerar. 
chlcal struCture In main memory that. at Its lowest level, con­
tams the page deSCriptors controlltng the logical-la-physical 
address translations The 54-bIt prImary root pomter 
reg.sters In the MC68851 (see Figure 11 pOint 10 the head of 

these translation tables The page descriptor IS loaded IOta 
the TLM and the logical bus master IS allowed to retry Its bus 
cycle, which should now be correctlv translated 

PROTECTION MECHANISM 

The MC68851 hierarchical protection mechanism prOVides 
cycle-blj-cycle examination and enforcement of the access 
nghts of the currently executing process There afe eight 
distinct levels In the pnvdege hierarchy and these levels are 
encoded In the upper three bits of the Incoming logical ad 
dress LA 131·291. The MC68851 compares these bIts against 
the value In the current access level register ~CAL In Figure 
1) If the pnonty level of the Incoming address IS less than the 
current access level. then the bus cvcle IS requestmg a 
higher pnvllege than allowed and the MC68851 Will termInate 
-thiS access as a fault. The MC68851 Will not assert a phYSical 
address strobe dunng a bus CYCle resultlO9 10 a pnvllege 
VIolation 

The MC68851 completely supports the MC68020 module 
cal! and return functions 1CALLM!RTMI, which InClude a 
mechanism to change prtvilege levelS dUfing module opera­
t:on 

BREAKPOINTS 

The MC68851 provides a breakpoint acknowledge faCIlity 
to support the MC6IJ)2() and other processors With on-Chip 
cache memory_ When the MCfBl20 encountefS a breakpOInt 
Instructton It executes a breakpoint aCknowledge cyCle by 
reading a particular address In CPU address space The 
PMMU decodes thiS address and r.esponds by etther prJ)­
vldlng a replacement opcode for the breakpoint opcode and 
assenlng the data SIze and acknowledge outputs or bv 
asserttng bus error to InltlSte Illegal Instruction processmg 
The PMMU _can be programmed to Signal the illegal Instruc 
tlon exception or to prOVide the replacement opcode n limes 
(1 '$ n~ 2551 before slgnahng the exception 

TtI.s docUf'T'4l'\I COI"ItHlS InlOtlnlllOn ~ ., ptoduc;t ~~ MotOlOla,....". the f·t..40TOROlA .NC . 19s,& NP 317"1 
nght 10 ct\aI'oge or dtsconlon.... 1M CtOChlCI Without notee:e 
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OMA Roo. 

Supervisor Root 

Translation Conuol 
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I Cache Status 
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Access Control 
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BAD6 ­

-
-
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BAC' 

BAC2 

BAC4 
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BAD7~-~_______~ BAC7 

COPROCESSOR INTERFACE 

The M68CXXl Family coprocessor Interface IS an Integral 
part of the deSign of the MC6IlO20 advanced microprocessor, 
the MC68881 floattng-pOlnt processor, and ,he MC68851 
P~'led memory management urllt. The coprocessor Interface 
allows the execution of special purpose instructions which 
are not executable by the processor. Each coprocessor Ie g_, 
MC68851 or MC68881 I has an Instruction set that reflects ItS 
",peelal function, These InStruCtions may be executed merely 
by placing the Instruction opcode and parameters In the 
MC6IlO20 Instruction stream The MC6IlO20 decodes the 
coprocessor instruction and performs bus communication 
with the coprocessor registers specifYing the nature of the 
aCllon to be taken Both the MC6IlO20 and the coprocessor 
Will execute pans of the Instruction depending on which IS 
best SUited to handle a particular task 

The Interchange of Information and the divIsion of respon­
Sibility between the processor and the coprocessor are con­
trolled by the coprocessor Interface and thiS process IS 
transparent to the user The addition of 'a coprocesslng unit 
to an MC68020 system Simply complements the Instruction 
set executable by the processor 

The coprocessor Interface was deSigned to be fleXible. 
functional. and expandable, The Interface IS intended to sup­
port the M6EKXX> Family of deVices and future extenSions to 
the Motorola coprocessor family. as well as user defined 
coprocessors In Single or multiple coprocessor systems 

Tr.n.a.,ion ContreX 

Regtttm 


Protection Control 


ROIl"'" 


BtNkpoint Acknowledge 

Data and Control 


Registers 


M6EKXXl Family Instruction set uSing the M68CXX> Family 
coprocessor tnterface These Instructions provide control 
functions for 

loading and stonng of MMU registers 

test109 access rtghts and conditionals based on the 
resl"llt of these tests. and 

MMU control functions 

The Instruction set extenSion IS as follows 

PMOVE - Moves da,a ,oltrom MC68851 regls,er 

PVALID - Compares access lights requested by laglca' 
address and traps If It IS le~ than the current access level, 

PTEST - Searches the translation tables to determine the 
access lights to an effective address Sets the MC68851 
status regIster according to the results. 

PFLUSH - Flush translation cache entries by rool 
pOInter. by root pOinter and effective address. or by root 
pOinter. effective address, and function code 

PSAVE - Saves the Internal state of the MC68851 
coprocessor tnterface In order to support the MC68J20 IIlr­
tual memory capabihlies. 

PRESTORE - Restores the state of the coprocessor Inter· 

tace stored by the PSAVE Instruction 

PBcc - Branches condItionally on M C68851 condition 

POBcc - Tests MC68851 condition, decrements. and 
branches 

M68000 FAMILY INSTRUCTION SET EXTENSION PScc - Tests operand according to MC68851 condition 

The MC68851 Implements an extenSion of the current PTRAPcc - Traps on MC68851 conditIOn 
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FEATURES 

• 	 Regular, easy·to·use architecture 

• 	 Instruction set more powerful than many mir!Jcomputers 

• 	 Directly addresses aM bytes 

• 	 Eight user· selectable addressing modes 

• 	 Seven data types that range from bits to 32·blt long words 
and byte and word 5t"ngs 

• 	 System and Normal operating modes 

• 	 Separate code, data, and stack spaces 

• 	 Sophisticated Interrupt structure 

GENERAL DESCRIPTION 

The zaooo IS an advanced high·end 16·bit microprocessor 
that spans a wide variety of applications ranging from simple 
stand·alone computers to complex parallel· processing 
systems. Essentially a monolithic minicomputer central 
processing unit, the zaooo CPU is characte"zed by an 
instruction set more powerful than many minicomputers: 
abundant resources In registers, data types, addressing 
modes and addresSing range, and a regular architecture 
that enhances throughput by avoiding critical bottlenecks 
such as Implied cr dedicated registers 

CPU resources include sixteen 16·bit general·purpose 
registers, seven data types that range from bits to 32·blt long 
words and byte and word st"ngs, and eight user· selectable 
addreSSing modes. The 11 0 distinct Instruction types can 
be combined with the various data types and addressing 
modes to form a powerful set of 414 instructions. Moreover. 
the instruction set IS regular: most instructions can use any 
of the fi~" main addressing modes and can operate on byte, 
word. and long·word data types. 

The CPU can operate in either the system or normal mode. 
The distinction between these two modes permits p"vileged 
operations, thereby improving operating system 
organization and implementation. Multiprogramming is 
supported by the "atomic" Test and Set instruction: 
multiprocessing by a combination of instruction and 

18001/2 Z8000® CPU 
CeDlral Processing Vall 

Product 
SpecUicatioD 

April 1985 

• 	 Resource·shaplng capabilities for multiprocessing 
systems 

• 	 Multl'programmlng support 

• 	 Compiler support 

• 	 Memory management and protection provided by 
ZB010 Memory Management Unit 

• 	 32·bIt operations, Including signed multiply and diVide 

• 	 Z·BUS compatible 

• 	 4.6, and 10 MHz clock rate 

TI.={ 
"Du 

DATA au..Ohoj 	 -, 
18001. 
00001c...cou{0.......... 


ou.{ 	 l="c.......... 

_G...,.:IIIT...RU....{ ..UII.... I 
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Flgu.. 1. Z8000 CPU Pin Func1lon. 
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hardware features; and compilers by multiple stacks 
specl8llnstructlons, and addressing modes 

The Z8000 CPU IS'offered in two versions: the Z8001 48-pin 
segmented CPU and the Z8002 4D-pin nonsegmented 
CPU (Figure 1). The main difference between the two IS in 
addressing range. The Z8DD1 can directly address 8 
megab)ites of memory; the Z8002 directly addresses 64 
kilobytes. The two operating modes-system and normal­
and the distinction between code, data, and stack sPiiCes 
Within each mode allows memory extenSion up to 48 
megabytes for the Z8001 and 384 kilobytes for the Z80D2 

To meet the requirements of complex. memorY-intensive 
applications, a companion memory-management device IS 

REGISTER ORGANIZATION 

The Z8000 CPU IS a register· oriented machine that offers 
sixteen I 6-blt general-purpose registers and a set of special 
syslem registers All general-purpose registers can be used 
as accumulators and all but one as Index 'registers or 
memory pOinters 

Register flexibility is created by grouping and overlapping 
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Figure 2. Z8001 General·Pur ...... Regilt.... 

offered for the Z8001 The Z8010 Memory Management 
U nit manages the large address space by providing 
features such as segment relocation and memory 
protection. The Z8001 can be used with or without the 
Z801 D. If used bY itself, the Z8001 still provides an 8 
megabyte direct addressing range, extendable to 48 
megabytes 

The Z8001, Z8002, and Z8010 are fabricated With 
high-density, high-performance scaled n-channel silicon­
gate depletion-load technology, and are housed in 
dual-In-line packages (DIPs) and leadless chip camers 
(LCC) 

multiple registers (Figures 2 and 3). For byte operations, the 
first eight 16-blt registers (RO... Rl) are treated as sixteen 
8-blt registers (RLO, RHO, RLl,RH7). The sixteen 16·blt 
registers are grouped In pairs (RRO... RRI 4) to form 32-mt 
long-word registers. Similarly, the register set is grouped In 

quadruples (RCO... Roi 2) to form 64-bit registers. 
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STACKS 

The Z8001 and Z8002 can use stacks located anywhere In 
memory. Call and Return Instructions as well as Interrupts 
and traps use Implied stacks. The distinction between 
normal and system stacks separates system Information 
from the application program Informalion. Two stack 
pOinters are available' the system stack pOinter and the 
normal stack pOinter Because they are part of the 
general-purpose register group, the user can manipulate 

REFRESH 

The Z8000 CPU contains a counter that can be used to 
automatically refresh dynamiC memory The refresh counter 
register conSists of a 9-blt row counter, a 6-blt rate counter, 
and an enable bit (Figure 4) The 9-blt row counter can 
address up to 256 rows and IS Incremented by two each 
time the rate counter reaches end-of-count. The rate counter 
determines the time between successive refreshes. It 
consists of a programmable6-blt modulo-n Prescaler (n = 1 
to 64), driven at one-fourth the CPU clock rate. The refresh 

PROGRAM STATUS INFORMATION 

ThiS group of status registers contains the program counter, 
nags, and control bits. When an interrupt or trap occu,s, the 
entire group is saved and a new program status group IS 
loaded. 

Figure 5 illustrates how the program status groups of the 
Z8001 and Z8OO2 differ. In the nonsegmented Z8002, the 
program status group consists of two words: the program 
counter (PC), and the flag and control word (FCW). In the 
segmented Z8001, the program status group consists of 

,L..... ..I _'.l.1_·.J'_·.J''-·...I.1_• .I.'.,;,...,.,;,•..J,c...:....r..,,;,.'.1.1.,;,·..,..;·.JIc..·...I.1,;,.'..' .,;,·..,";·.J11==:vIO 

_..­
! , , ,I • I 

Z8OO1 PrOQram Statu. Registers 

-­I ,! 

- .....
! I ! 

ZSOOI ProQram Stotu. Area POinter 

the stack pOinters with any instruction available for register 
operations. 

In theZ8001, register parr RR141s the Implied stack pOinter. 
Register R14 contains the 7-blt segment number and R15 
contains the 16-blt offset In the Z8002, register R15 IS the 
Implied 16-blt stack pOinter. . 

penod can be programmed by 1 to 64 I'S with a 4 MHz 
clock Refresh can be disabled by programming the refresh 
enable/disable bit. 

Figure 4_ lIefresh Counter 

four words. a two-word program counter, 'the flag and 
control word, and an unused word reserved for future use. 
Seven bits of the lirst PC word designate one of the 128 
memory segments. The second word supplies the 16-bit 
offset that deSignates a memory location Within the 
segment. 

With the exception of the segment enable bit in the Z8OO1 
program status group, the flags and control bits are the 
same for both CPUs. 
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INTERRUPT AND TRAP STRUCTURE 

The Z8000 provides a very flexible and powerful Interrupt 
and trap structure Interrupts are external asynchronous 
events requinng CPU attention. and are generally triggered 
by penpherals needing service. Traps are synchronous 
events resulting from the execution of certain Instructions 
Both are processed in a Similar manner by the CPU. 

The CPU supports three types of Interrupts (non-maskable. 
vectored. and non-vectored) and four traps [system call. 
Extended Process Architecture (EPA) instruction. privileged 
instructions. and segmentation trap] The vectored and 
non-vectored Interrupts are maskable Of the four traps. the 
only external one IS the segmentation trap. which IS 
generated by the Z8010. 

The remaining traps occur when instructions limited to the 
system mode are used In the normal mode. 9r as a result of 
Ihe System Call instruction. or for an EPA Instruction. The 

DATA TYPES 

Z8000 Instructions can operate on bits. BCD digits (4 bits). 
bytes (8 bits). words (16 bits). long words (32 bitS), and byte 
strrngs and word stnngs (up to 64 kilobytes long) Bits can be 
set. reset. and tested; digits are used In BCD anthmetic 
operations; bytes are used for characters or small Integer 
values; words are used for Integer values. instructions 'and 
non segmented addresses; long words are used for long 
Integer values and segmented addresses. All data elements 

SEGMENTATION AND MEMORY 
MANAGEMENT 

High-level languages. sophisticated operating systems. 
large programs and data bases. and decreaSing memory 
prices are all accelerating the trend toward larger memory 
requirements in microcomputer systems. The Z8OO1 meets 
thiS requirement with an eight megabyte addreSSIng space 
This large address space IS directly accessed by the CPU 
using a segmented addressing scheme and can be 
managed by the Z8010 Memory Management Unit 

Segmented Add ....lng 

A segmented addreSSing space-:compared with linear 
addressing-is closer to the way a programmer uses 
'11emory because each procedure and data space resides 
.n ItS own segment The 8 megabytes of Z8001 addreSSing 
.'pace is divided Into 128 relocatable segments up to 64 
kilobytes each. A 23-bit segmented address uses a l-bit 
segment address to point to the segment. and a 16-bit offset 
to address any location relative 10 the beginning of. the 
segment The two parts of Ihe segmented address may be 
manipulated separately. The segmented Z800 1 can run any 
code written for the nonsegmented Z8002 in any one of its 
128 . segments. prOVided it IS set to the nonsegmen1ed 
mode, 

descending order of priorrty for traps and Interrupts IS' 
Internal traps. nonmaskable interrupt. segmentation trap. 
vectored Interrupt. and non-vectored Interrupt 

When an Interrupt or trap occurs. the current program status 
IS automatICally pushed on the system stack. The program 
status conSists of the processor status (PC and FCW) plus a 
16-blt Identifier. The identifier contains the reason or source 
of the trap or interrupt. For internal traps. the identifier is the 
first word of the trapped instruction. For external traps or 
Interrupts, the Identifier is the vector on the data bus read by 
the CPU dunng the Interrupt-acknowledge or trap­
acknowledge cycte. 

After saving the current program status. the new program 
status IS automatically loaded from the program status area 
In system memory. ThiS area IS deSignated by the program 
status area pointer (PSAP). 

except stnngs can reSide either In registers or memory. 
Strrngs are stored In memory only. 

The baSIC data etement is the byte The number of bytes 
used when manipulating a data element is etther implied by 
the operation or-for stnngs and multlpte register 
operations-expliCitly specified In the Instruction. 

LOOtCAL ADDRESS L..._.....,.._--' 
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In .hardware, segmented addresses are contained in a 
regiSler pair or long-word memory location. The segment 
number and offset cart be manipulated separately or 
together by all the available word and long-word operations. 

When contained in an instruction, a segmented addresS has 
two different representations: long offset and short offset 
The long offset occupies two words. whereas the short offset 
requires only one and combines in one word the 7·b~ 
segment number with an B·blt offset (range 0-256). The 
short offset mode allows very dense encoding of addresses 
and minimizes the need for long addresses required by 
direct accessing of thiS large address space. 

Memory M8n8gement 

The addresses manipulated by the programmer. used by 
instructions and output by the Z8001, are called loglC8l 
addresses. The Memory Management Unit takes the logical 
addresses and transforms them into the physical addresses 
required for accessing the memory (Figure 6). This address 
transformation process is called relocalton. Segment 
reiocation makes user software addresses Independent of 
the physical memory so the user IS freed from specifying 

EXTENDED PROCESSING ARCHITECTURE 

The Zilog Extended Processing Architecture (EPA) prOVides 
an extremely flexible and modular approach to expanding 
both the hardware and software capabil~ies of the zaooo 
CPU Features of the EPA include: 

• 	 Specialized instructions for external processors or 
software traps may be added to CPU Instruction set 

• 	 Increases throughput of the system by using up to four 
specialized external processors in parallel with the CPU. 

• 	 Perm~modular design of Z8000-based systems. 

• 	 . Provides easy management of multiple microprocessor 
configurations via "single instruction stream" 
communication. 

• 	 Simple interconnection between extended processing 
un~s and Z8000 CPU requires no additional external 
supporting logic. 

• 	 Supports debugging of suspect hardware against 
proven software. 

• 	 Standard features on all Zilog ZaDOO CPUs. 

Specific benef~ include: 

• 	 EPUs can be added as the system grows and as EPUs 
With specialized functions are developed. 

• 	 Control of EPUs is accomplished via a "single instruction 
Slream" In the Z8000 CPU. eliminating many significant 
system software and bus contention management 
obstacles that occur in other. muttiprocessor (e.g .. 
maSler-siave) organization schemes. 

where information ,r actually located In the physical 
memory. 

The relocation process IS transparent to user software. A 
translation table In the Memory Management Unit 
associates the 7·bllsegment number with the baseaddress 
of the physical memory segment The 16-bit offset is added 
to the phySICal base address to obtain the actual physical 
address. The system may dynamically reload translation 
tables as tasks are created. suspended. or changed 

In additIOn to supporting dynamIC segment relocation. the 
Memory Management Unit also provides segment 
protection and other segment management features. The 
protection features prevent illegal uses of segments, such as 
writing Into a write-protected zone. 

Each Memory Management Unit stores 64 segment entries 
that consist of the segment base address. its attributes. size. I 
and status. Segments are variable in size from 256 bytes to 
64 kilobytes in increments of 256 bytes. Pairs of 
Management Units support the 128 segment numbers ... 
available for each of the SIX CPU addrllss spaces. Within an iii 
address space. several Management Units can be used to ft 
create multiple translation tables. :I 

The processing power of the Zilog ZSOOO 16-bit 
microprocessor can btl beosted beyond ItS Intrinsic 
capability by Extended Processing Architecture Simply 
stated, EPA allows the Z8000 CPU to accommodate up to 
four Extended Processing Un~s (EPUs), which perform 
specialized functions in parallel with the CPU's main 
instrucbon execution stream (Figure 7). 

The use of extended processors to beost the malro CPU's 
performance capability has been proven with large 
mainframe computers and minicomputers. In these 
systems, specialized functions such as array processing, 
special input/output processing, and data communications 
processing are typically aSSigned to extended processor 
hardware These extended processors are complex 
computers In their own right. 

The Zilog Extended Processing Architecture combines the 
best concepts of these proven performance boosters w~h 
the latest in high-density MOS integrated-circurt design. The 
result is an elegant expansion of design capabilrty-a 
powerful microprocessor architecture capable of 
connecling single-chip EPVs that permits very effective 
parallel processing and makes for a smoothly integrated 
instruoction stream from the Z8000 programmer's point of 
view. A typicai addition to the current Z8000 inSlruction set is 
a set of Floating Point Instructions. 

The Extended Processing Units connect directly to the 
Z8000 Bus (Z-BUS) and continuously monitor the CPU 
instruction stream. When an extended instruction is 
detected, the appropriate EPU responds, obtainina or 
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placIng data or status Information on the Z-BUS uSIng the 
Z8000-g-enerated control sIgnals and performIng Its 
function as directed 

The Z8000 CPU IS responsible for Instructing the EPU and 
dellvenng operands and data to It The EPU recognozes 
Instructions Intended for It and executes them, uSing data 
supplied with the instruction andlor data within its internal 
registers There are four classes of EPU instructions' 

• 	 Data transfers between main memory and EPU registers 

• 	 Data transfers between CPU registers and EPU registers 

• 	 EPU Internal operations 

• 	 Status transfers between the EPUs and the Z8000 CPU 
Flag and Control Word register (FCW) 

Four Z8000 addreSSing modes may be utilized With 
transfers between EPU registers and the CPU and main 
memory 

• 	 Register 

• 	 Indirect Register 

• 	 Direct Address 

• Index 

In addition to the hardware-Implemented capabilities at the 
Exiended Processing Architecture, there IS an extended 
instruction trap mechanism to permit software simulation 01 
EPU functions A control bit ,n the Z8000 FCW register 
IndICates whether actual EPUs are present or not If not. 
when an extended Instruction IS detected. the Z8000 traps 
on the Instruction. so that a software "trap handler" can 
emulate the deSired EPU functlon-a very useful 

development too. The EPA software trap routine supports 
the debugging of suspect hardware against proven 
software. ThiS fe.ature Will Increase In Significance as 
deSigners become familiar With the EPA capability of the 
Z8000CPU 

ThiS software trap mechanism lacilitates the oeslgn 01 
systems for later addition of EPUs lnotlally, the extended 
function IS executed as a trap subroutine. when the EPU IS 
finally a"ached, the trap subroutine IS eliminated and the 
EPA control bit IS set Application software IS unaware 01 the 
change 

Extendeo ProceSSing Architecture also offers protection 
against extended Instruction overlappmg Each EPU 
connects to the Z8000 CPU via the STOP line so that If an 
EPU IS requested to perform a second extended Instrucllon 
function belore It has completed the prevIous one, It can put 
the CPU Into the Stop/Refresh state until execution 01 the 
prevIous extended Instruction IS complete 

EPA and CPU Instruction execution are shown In Figure 8 
The CPU begins operation by letchlng an Instruction and 
determining whether It IS a CPU or an EPU command The 
EPU meanwhile monolors the Z-BUS for ItS own Instructions 
If the CPU encounters an EPU command, It checks to see 
whether an EPU IS present. If nol, the EPU may be Simulated 
by an EPU Instruction trap software routone. of an EPU IS 
present. the necessary data and/or address IS placed on the 
Z-BUS. If the EPU IS free when the Instruction and data lor It 
appear, the extended Instruction IS executed II the EPU IS 
stili processing a prevIous Instruction. It activates the CPU's 
STOP line to lock the CPU oH al the Z-BUS until execution IS 
complete After the Instruction IS finished. the EPU 
deactivates the STOP hne and CPU transactions continue 

FIgu.. 7. ~plcelexw_ P_Conllgunrtlon 
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L- ___________ _ 

.& D4T4 Oft ADDf'ESlEI AilE ..LACED ON THE IUS AND USED IV THE l.-u IN THE 
EXECUTION OF AN INST"uenON. 

FlgUM e_ EPA and zaooo CPU Inatrucllon Encutlon 

INPUT/OUTPUT 

A set of 110 instructions performs a-bit or 16-bit transfers 
between the CPU and 110 devices. 110 devices are 
addressed with a 16-bit 110 port address. The 110 port 
address is similar to a memory address; however, 110 
address space need not be part of the memory address 
space. 110 port and memory addresses coexist on the same 
bus fines and they are distinguished by the statusloutputs. 

MULTI-MICROPROCESSOR SUPPORT 

Mutti-microprocessor systems are supported in hardware 
and software. A pair of CPU pins is used in conjunction w~h 
cenain instrucltons to coordinate muttiple microprocessors. 
The Multi-Micro Out pin issues a request for the resource, 
while the Multi-Micro In pin is used to recognize the stale of 
the resource. Thus, any CPU in a muttiple mICroprocessor 
system can llXctude all other asynchronous CPUs from a 
cr~ical shared resource. 

Two types of 110 Instructions are available standard and 
special. Each has its own address space. The I/O 
instructions include a comprehensive set of In, Out, and 
Block 110 instructions for both bytes and words. Special 110 
instrucltons are used for loading and unloading the Memory 
Management Unit. The status information distinguishes 
between standard and special 110 references. 

Mutti-microprocessor systems are supported in software by 
the instructions Multi-Micro Request, Test Multi-Micro In, Set 
Mutti-Micro Out, and Reset Multi-Micro Out. In addition, the 
eight megabyte CPU address space is beneficial in muttiple 
microprocessor systems that have large memory 
requirements. 
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ADDRESSING MODES 

The information included ,n Z8000 instructions consists of 
the .function to be performed. the type and· size of data 
elements to be manipulated. and the location of the data 
elements. Locations are designated by register addresses. 
memory addresses. or 1/0 addresses The addreSSing 
mode oJ a given 'nstruction defines the address space it 
references and the method used to compute the address 
Itself. AddreSSing modes are explicitly specified or Implied 
by the Instruction. 

Figure 9 illustrates the eight addreSSing modes: Register 
(R). Immediate (1M). Indirect Register (lR). Direct Address 
(DA). Index (X). Relative Address (RA). Base Address (BA). 
and Base Index (BX). I~ general. an addressing mQ!:le 
explicitly specifies either register address space or memory 
address space. Program memory address ..pace and 1/0 
address space are usually Implied by the instruction. 
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PIN DESCRIPTION 

AOO-A015' Address/Data (Inputs/outputs, active High, 
3-state). These multiplexed address and data lines are used 
for 1/0 and to address memory. 

AS. Address Strobe (output, active Low. 3-state). The rising 
edge of AS ,nd,oates addresses are valid. 

BUSACK. Bus kknowledge (output active Low). A Low on 
this line Indicates the CPU has relinquished control of the 
bus. 

BUSAEQ. Bus Request (Input, active Low). ThiS line must 
be driven Low to request the bus from the CPU 

Bfii. ByteIWord (output, Low ~ Word, 3-state) ThiS signal 
defines the type of memory reference on the 16-blt 
address/data bus 

elK. System Clock (Input). CLK IS a 5V Single-phase 
time-base input. 

OS. Data Strobe (output. active Low, 3-state). ThiS line times 
the data In and out of the CPU. 

MAEQ. Memory Request (output, active Low, 3-state). A 
Low on thiS line Indicates that the address/data bus holds a 
memory address. 

iii, MO. Multi-Micro In, Multi-Micro Out (input and output, 
active Low). These two lines form a resource-request daisy 
chain that allows one CPU in a multi-microprocessor system 
to access a shared resource. 

NMI. Non-Maskab/e Interrupt (edge triggered, input, active 
Low). A high·to-Iow tranSition on NMI requests a 

... ...
... ... 

Moo SH, 

AD" '0, 

ADII 'D, 
AD" .D. 

iIfOlI .... 
iii 'D, 

.1,0" ... 
AO'4 -..+IV -..V! .... 
iiVI aND 

IAf CLOCK 
l1li1 D 

Qftf He 

e' tIW 
NIl 

III rWi -
,T, ~ 

IT, WAiT 
IT, iiiiiiIli 
IT, ... 
IN, IH, 

FlgUM 1Ga. 4I-pIn Dual-In-Llne Package (DIP), 

Pin Auign....nta 
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non-maskable Interrupt. The NMI Interrupt has the highest 
Priority of the three types of Interrupts. 

N/S_ Normal/System Mode (output, Low = System Mode, 
3-state). NIS Indicates the CPU IS in the normal or system 
mode. 

NMI. Non-Vectored Interrupt (Input. active Low). A Low on 
thiS line requests a non-vectored Interrupt 

AESET. Reset (Input. active Low). A Low on thiS line resets 
the CPU. 

A/W. ReadlWrite (output. Low ~ Write. 3-state). RIW 
indicates that the CPU IS reading from or writing to memory 
or 1/0. 

SEGT. Segment Trap (Input, active Low). The Memory 
Management Unit Interrupts the CPU With a Low on thiS ilne 
when the MMU detects a segmentation trap Input on i..Z80010nly ii 
SNo-SNe. Segment Number (outputs, active High, 3-stale). 
These lines prOVide the 7-blt segment number used to 
address one of 128 segments by the Z8010 memory 9 
Management Unit. Output by the Z8OO1 only. 

STo-ST3. Status (outputs, active High, 3-state). These lines 
specify the CPU status (see Status Code Lines). 

STOP. Stop (Input, active Low). ThiS Input can be used to 
single-step instruction execution. 

Vi. Vectored Interrupt (input, active Low). A Low on thiS line 
requests a vectored Interrupt. 

WAif. Wait (inpul, active Low). ThiS line indicates to the CPU 
that the memory or 1/0 deVice is not ready for data transfer. 

'D, 'D, 

.D" 'D, 

.lOll '0, 

.lOu ... 
AD" -D. 

STOP -.. 
iii 'D, 

AD,AD" 
AD,. _D,.,. aND 

V! CLOCK 

1M D 
IiIII He 

Qftf erW 
Iii) Nil 

RIW 
III IUIACK -

IT, WIlT 

IT, lUDIC 
IT, OT, 

FIgUM11 •• 4G-pln Dual-In-Llne Package (DIP), 

Pin Auignmenta 




~ ~"~..o"'~"".j>"'''''' .ti',.,.0·,ct" 'to0"'.,.Q'- ...0·+v ./:' 
• • 7 6 5 4· 3 2 1 11.7 ...5 I. 63 62 ., 


He ,. He 


STOP 11 .. SN, 

iii 12 50 AD,,.
~D1S AD, 
AO,.- 50 A.,... " .. AD," NC II S< SN, 


Ne GNO
.. 
zaoo.Ne 52 NC" CPU 

Vi 51 CU." 
50 He 

SEGT 21 .. Ai 
NMi 4, RESERVED 

RESET 23 47 ri 

"" ... NIS 

MARl 25 .. ItJW 

He 28 NC 

n.U.~»»M •• UHU~~UU 

~ ~~':"~~'':''':''<t'<t''fI'<>/t;~ ~ ~ ~ 

Figure lOb. ea'pln Chip Carrier, Pin Aulgnments 

./I.,......O .. ~....Q'·~....~ ., .,.<i" ...o"'~" ...<:>. 

, 44 '3 42 .. , 40• • ., 2 

$"IGf AD•, .. 
iii AD,..• 

AD,s U AD,• 
ADa H AD,... OND" ZaOO2 .." Ne 12 ClK 

CPU 
Vi 11 II" » "ESERYED""" NIii 0iW" I!lID 10 NIl" II<> " " '.-20 21 ­" 21 23 lot 25 H 27 21 

~~':"';-'';-'.~. ~:I'~ 
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Z8000 CPU TIMING 

The ZBOOO CPU executes instructions by stepping through Request Instruction (MREQ), 
sequences of basic machine cycles. such as memory read 

The following timing diagrams show the relatille timing 
or write 1/0 device read or write. interrupt acknowledge. 

relationships of all CPU signals during each of the basIC
and int~rnal execution. Each Of theSe basic.cycles requires 

operations, When a machine cycle requires additional clock 
three to ten clock cycles to execute. Instructions that require 

cycles for CPU internal operation. one to five clock cycles 
more clock cycles to execute are broken up into several 

are added. Memory and 110 read and write, as well as
machine cycles. Thus no machine cycle is longer than ten 

interrupt acknowledge cycles. can be extended by
clock cycles and fast response to a Bus Request IS 

activating the WAi'f input. For exact timing information, refer guaranteed. 
to the composite timing diagram, 

The instruction opcode is fetched by a normal memory read 
Note that the WAIT input is not synchronized in the Z8000 

operation. A memory refresh cycle can be inserted JUst after 
and that the setup and hold times for WAIT, relatille to the the comptetion'of any first instruction fetch (IF,) cycle and 
clock, must be met. If asynchronous WAIT signals are can also be inserted white the following instructions are 
generated. they must be synchronized with the CPU clock being executed: MULT, MULTL. DIV. DIVL. HALT, all Shift 
before entering the Z8000. 

instructions. alt Btock MOlle instructions, and the Multl·Mlcro 
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FEATURES 
• 	 Full 32-bit architecture and Implementation 

• 	 4G (billion) bytes of directly addressable memory 

• 	 linear or segmented address space 

• 	 Virtual memory management integrated with CPU 

• 	 On-chip cache memory 

• 	 General-purpose register file with sixteen 32-bit 
registers 

• 	 Nine general addreSSing modes 

• 	 Numerous data types Include bit, bit field, logical 
value, signed integer, and string 

• 	 Extended Processing Architecture supports floating' 
point operations 

GENERAL DESCRIPTION 

The Z80,000 CPU is an advanced, hlgh·end 32·blt 
microprocessor that integrates the architecture of a 
mainframe computer into a single chip. While maintain· 
Ing full compatibility with Z8000 family software and 
hardware, the Z80,000 CPU offers greater power and 
fleXibility in both its architecture and interface capability. 
Operating systems and compilers are easily developed 
In the Z80,000 CPU's high-quality environment, and the 
hardware interface provides for connection to a wide 
vaflety of system configurations. 

Addresses in the Z80,000 CPU are 32 bits. This allows 
direct addressing of 4G bytes In each of four address 
spaces: system-mQ(ie data, system· mode instruction, 
normal·mode data. and normal· mode instruction. The 
CPU supports three modes of address representation. 
The 16·bit compact addresses are compatible With 
Z8000 nonsegmented mode. The 32·blt segmented ad· 
aresses Include both 16·bIt offset, which IS compatible 
w,th Z8000 segmented mode, and 24·blt offset. In addi· 
lion a full 32·bit linear address space is provided 

Z80,0000 CPU 

Preliminary 
Product 
SpecUlcatlon 

April 1985 

• 	 Regular use of operations, addreSSing modes. and 
data types in instruction set 

• 	 System and normal modes of operation With 
separate stacks 

• 	 SOphisticated Interrupt and trap handling 

• 	 Software IS a binary·compatible extension of 
Z8000n.< software 

• 	 Hardware IS compatible With other Z·BUSTM com· 
ponents 

• 	 Mainframe performance 

The CPU features a general·purpose register file with 
sixteen 32·bit registers and nine operand addressing 
modes. The vanous addreSSing modes allow encoding 
chOices for compact representaliOn or for full 32-bIt ad­
dressing. The instruction set can operate on bit, bit field, 
logical value, signed integer, unsigned integer, address, 
string, stack, and packed decimal byte data types. 
Logical and arithmetic instructions operate on bytes (8 
bits), words (16 bits) and longwords (32 bits). The Extend· 
ed Processing Architecture (EPA) supports floating·point 
opera tions. I n addition, the instruction set is highly 
regular in combining operations, data types, and ad· 
dressing modes. High-level language compilation is sup· 
ported with instructions for procedure linkage, array in· 
dex calculation, and bounds checking. Other Instruc· 
tIons provide operating system functions such as system 
call and control of memory management 

There are two main operating modes, system and nor· 
mal, supported by separate stacKS. User programs 
operate in normal mode, while sensitive operating 
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system functions are performed in system mode. This 
protects critical parts of the operating system from user 
access. In addition. some instructions are priVileged. 
and execute only in system mode. Memory management 
functions protect both system memory from user pro­
grams. and user memory from other users Vectored. 
nonvectored. and nonmaskable Interrupts support real­
time operating systems. 

MerTlory management IS lully Integrated With the CPU; 
no external support cirCUitry IS necessary. A paging ad­
dress translation mechanism is implemented Registers 
in the CPU POint to address translation tables located in 
memory: the most recently used tabte entries are kept in 
a Translation Lookaslde Buffer (TLB) in the CPU. The 
CPU performs logical to physical address translation and 
access protection for each memory reference. When a 
logical memory reference causes a translation or pro­
tection violation. the state of the CPlJ is 'automatlcally 
restored to restart the instruction. 110 ports can be 
referenced either by dedicated instructions or by the 
memory management mechanism mapping logical 
memory addresses to 110 port addresses. 

Extensive trapping facilities, such as integer overflow, 
subrange out of bounds, and subSCript out of bounds, 
catch common run-time errors_ Software debuggers can 
use trace and breakpoint traps. Privileged instruction 
traps and memory protection viOlation traps secure the 

REGISTERS 

The Z80,000 CPU IS a reglster-of/ented processor offenng 
sixteen 32-blt general·purpose registers, a 32-blt Program 
Counter (PC). a 16-bit Flag and Control Word (FCW), and 
nine other special· purpose registers. 

The general-purpose register file (Figure 1) contains 64 
bytes of storage. The first 16 bytes (RLO,RHO. ,RL7,RH7) 
can be used as accumulators for byte data. The first 16 
words (RO,R1,,,.,R15) can be u~as accumulators for 
word data, as index registers (except RO), or for memory ad· 
dresses in compact mode (except RO). Any longword regis, 
ter (RRO,RR2,,,.,RR30) can be used as an accumulator for 
longword data, an index register in linear or segmented 
mode (except RRO), or for memory addresses in linear or 
segmented mode (except RRO). Quadword registers 
(RQO,RQ4,. "RQ28) can be used as accumulators for Multi­
ply, DiVide, and Extend Signinstructions. This unique regis· 
ter organization allows bytes and words of data to. be 
manipulated co.nveniently while leaving most 01 the register 
file free to. hold addresses, counters, and any other data. 

Two registers are dedtcated to the Stack Pointer (SP) and 
Frame Pointer (FP) used by Gan, Enter, Exit, and Return 

operating system from user programming errors or 
mischief The overtlow stack allows recovery Irom other­
wise fatal errors. 

The CPU has lull 32·bit internal address and data patrs. 
Extemally, 32 pins time-multiplex the address and d~ta. 
The Interface IS compatible With the complete line of 
Z-BUS peflpherals The hardware interface features 
16-blt or 32-M memory data path and programmable 
walt stales. Burst transfers and an on-Chip cache for in­
structions and data help develop high-performance 
systems. The Interface supports multiproceSSing con· 
figurallOns With Interlocked memory references and two 
types of bus request protocols. The system deSigner can 
tailor the Z80,000·based system to cost and perlor· 
mance needs. 

In summary, the Z80,000 CPU meets and surpasses the 
requirements of medium and high· end microprocessor 
systems for the 1980s. Softwa re program development 
is easily accomplished with the CPU's sophisticated ar­
chitecture. The highly plpelined deSign, on-chip cache. 
and external Interface support systems ranging from 
dedicated controliers 10 mainframe computers. While 
Zilog continues to develop support for the Z80,000 CPU. 
Z8000 peripherals and devetopment software are fully 
compatible With thiS latest in Zilog's line of high· 
performance microprocessors. 

instructions. In compact mode, R15 is the Stack POinter 
and R14 the Frame Pointer. In linear or segmented 
mode, RR14 is the Stack Pointer and RR12 is the Frame 
Pointer 

\,.. , .... ....,01 ftU • 7 ,"-1 0 
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The PC and FCW lorm the Program Status (Figure 2), of instructions. The remaining special registers are used 
wnich Is automatically saved for traps and Interrupts. for memory management. system configuration. and 
The bits in FCW Indicate operating modes, masks for other CPU control (Figure 3) 
traps and interrupts, and flags set according to the result 

tI • J 0 

1r.eI...jV.I...~ull ..1Tic Iz 1.1".1 DIH IIV 1.1 
INYIGER OV£ll!iFLOW IENAILE (IV) 

l~

HALF CARRY eM) 


O'CIIlA~ -ADJUST lOt 

'AIlUTYIOYERFL.OW IPM 

""Ntl/ 
Z1!OOCZ) 

CAIUIYfQ 

L-. _co ...DOIIO (TPIUN.......Q __IIAI 


NONYI!CTottED INTIR...," INAIII (Nvtl) 

VICTORID INTERRU" P ....LI. evtll 
DTlNDED PltiOCUlOR ARCHIT! CTURE,EPA) 

IYITSMINOIIMAlllODI caiN) 

IXTENDEDfCOM'ACT IIOOE (IICi 

PLACI AUlD _TJIDt, WOIID IPCWI 

_RAIl COUII.TaIIIPCI 

Figure 2. Progr.m S18tu. Regl ...... 

ADDRESS SPACES 

As shown in Figure 4, the CPU has three modes 01 ad· cy is due to shorter instructions in compact mode. and 
dress representation: compact, segmented. and linear the lact that addresses in the register file use word 
The mode is selected by two control bits in the Flag and rather than longword registers. Applications requiring 
Control Word register (Table 1). The Extended/Compact more than 64K bytes of either program or data should 
(OC) bit selects whether compact addresses (16 bits) or use segmented or linear modes. 
extended addresses (32 bits) are used. For extended ad· 
dresses the Linear/Segmented (uSi bit selects whether 
linear or segmented addresses are used. 

The load Address instruction can be used to manipulate 
addresses in any mode 01 representation. 

Conlrol Bl
EIC 

la In FCW 
US 

R..".....,I.llpn 

In compact mode, addresses are 16 bits. Adoress Q o Compact 
calculations using eompact aodresses involve all 16 bits. o Reserved 
Compact mode is more efficient ana less program· o Segmente<l 
consuming lor applications requiring less than 64K bytes Linear 
01 program and less than 64K bytes 01 data. This ellieien· 
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2708 
8K (1 K x 8) UV ERASABLE PROM 

Max. Power Max. Access 

2708 800mW 45On5 

2708L 425mW 450n5 

2708-1 800mW 35On5 

2708-8 800mW 55On5 

• Low Power Dissipation - 425 mW 	 • Data Inputs and Outputs TTL 
Max. (2708L) 	 Compatible during both Read and 

Program Modes • 	 Fast Access Time - 3.50 ns Max. 
(2708-1) • Three-State Outputs - OR-Tie 

• 	 Static - No Clocks Required Capability 

The Intel® 2708 is an 8192·bit ultraviolet light erasable and electrically reprogrammable EPROM, Ideally suited where 
fast turnaround and pattarn experimentation are important requirements. All nata inputs and outputs are TTL com· 
patlble during both the read and program modes. The outputs are three·state, allowing direct interface with common 
system bus structures. 

The 2708L at 425mW is available for systems requiring lower power dissipation than from the 2708. A power dissipation 
savings of over 50% without any sar-rlflce in speed is obtained with the 2708L The 2708L has high input noise Immunity 
and Is specified at 10% power supply tolerance. A hlgh·speed 270~1 Is also available at 350ns for microprocessors 
requiring fast access times. 

I'ha 2708 family Is fabricated with the N-channal silicon gate FAMOS technology and Is availatle in a 24·pln dual in·line 
~ckage. 

PIN CONFIGURATION 	 BLOCK DIAGRAM 
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PIN CONNECTION DURING READ OR PROGRAM 
PIN NAMES 
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ADC1210, ADC1211 12-Bit CMOS AID Converters 

» o o.... 
N.... 
o ..... » o o.... 

General Description 
The AOC1210, ADC1211 are low power, medium speed, 12­
bit succesSIve approximation, analogato-digital converters. 
The devices are complete converters requiring only the ap­
plication of a reference voltage and a clock for operation. 
Included within the device are the successive approximation 
logic, CMOS analog switches, precision laser trimmed thin 
film R-2R ladder network and FET input comparator. 

The ADC1210 offers 12-bit resolution and 12-bit accuracy, 
and the ADC1211 offers 12-bit resolution with 10-bit accura­
cy. The inverted binary outputs are directly compatible with 
CMOS logic. The ADC1210, AOC1211 will operate over a 
wide supply range. convert both bipolar and unipolar analog 
inputs, and operate in either a continuous conversion mode 
or logic-controlled START -STOP conversion mode. The de­
vices are capable of making a 12·bit conversion in 100 ,...5 
typ, and can be connected to convert 10 bits in 30 p.s. 

Block Diagram 

" 

N.... .... 
Both devices are available in military and industrial tempera· 
ture ranges. 

Features 
• 12-bit resolution 
• ± 3/. LSB or ± 2 LSB nonlinearity 
• Single + 5V to ± 15V supply range 
• 100 p.s 12·bit, 30 P.s 10-bit conversion rate 

• CMOS compatible outputs 
• Bipolar or unipolar analog inputs 
• 200 kO analog input impedance 

V·lVREfIO'~------------------------t----, 

CLOCK 

START 

CONVERSlaN 


COWOUTf 

,-, 
OIGITAL OUTPUTS 

Connection Diagram 

Oual·ln·Line Package 

Z-l1 

U CO.""ATOII 
OUfhIT 

U .... '\I'IfF) 

,~ 

l-' 

" lUI 

l' "", 

"", 

" COlfYU$l1NII21 II 
'''UTE la, 

2 I If U STAATeR) 
..., L...____--' 

'0....11. 

.""0 

23 COMPARATOR 
OUTPUT 

RZI Rl~ 

lOOk 20010 

zo 

" 
II 17 " " TL/H/5677-t 

Order Number AOCI210HO, 
ADC1210HCO, ADC1211HO, 

AOC1211HCO 
See NS Package 0240 

TlIH/5617-2 
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DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog 
Converters 

General Description 
The DACOBOO series are monolithic a·bit high·speed cur­
rent-output digilal.to-analog converters (DAC) featuring typi­
cal 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 DAC0800 series also features 
high compliance complementary current outputs to allow 
dillerentlal output voltages of 20 Vp-p wilh simple resistor 
loads as shown in Figure 1. The reference-Io-full-scale CUf­

rent matching of better than ! 1 LSB eliminates the need for 
full·scale trims in most applications while the nonlinearities 
ot better than 1" 0.1 % over temperature mLnimizes system 
error accumulations. 

The noise immune inputs of the DAC0800 series win accept 
TTL levels with the logic threshold pin, VLC. grounded 
Changing the Vl.C potential will allow direct interface to oth· 
er logic families. The performance and characteristics 01 the 
device are essentially unchanged over the full ± 4.5V 10 
:! 18V power supply range; power dissipation is only 33 mW 
with f 5V supplies and is independent of the logic input 
states. 

Typical Applications 

OIGII Al INPUTS 

MS. 

'1 12 U •• U '6 11 


'" 

. 

The DAC0600. DAC0602. Di\C0600C: DACOllul~ arc 
DAC0602C are a dlrecl replacemenl for the DAC·OB. OAe 
08A. DAC-06C. DAC-08E and DAC-06H. respeclively. 

Features 
• Fast settling output current 100" 

t tlSl• Fu!l scale error 
• Nonline.arity ovor temperature to.l\ 

• Full scale current drilt ±IO""""" 
• High output compliance -10V to "'1" 

• Complementary current outputs 
• Interface directly with TTL. CMOS. PMOS and othan 
• 2 quadrant wide range multiplying capability 
• Wide power supply range ± 4.5V to ! ,,. 

• Low power consumption 33 mWal :~, 

• Low cost 

". 
LSI 
II 

- Y- 0,01 "f ­" TLfH/5686-1 

FIGURE 1. ± 20 Vp_p Output Digital-to-Analog Converter (Note 4) 

Ordering Information 
Temperature Order Numbers 

Non-Linearity 
Range J Package (J16A)' N Package IN16A)" SO Package (111I0Il 

to.l% FS 5S"C .. TA . I 12S"C DACOS02LJ DAC-OSAO 

TA ..
'·O.l%FS O"C· '·70"C DAC0802LCJ. DAC-06HO DAC0802LCN DAC-06HP DAC0602lCII 

O.I~"'%. FS ~I!)"C 1/\ I !;J!i'C llACOIlOOI J DAC·OIIO 

lO.19% FS O"C TA I 7o-·C DAC0800LCJ DAC-OSEO I)ACOSOOLCN DAC-OSEI' I)AC()lIOOl(;Ij 

:1-0.39% FS O"C"TA'" • 70"C DAC0601LCJ DAC-06CQ DAC0601LCN OAC-OeCp OACQ601LCM 

'Oevices may be Ofdefed by usiog etther order number 
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OAC0808, OAC0807, OAC0806 8-Bit OfA Converters 
General Description 
The DAC0808 seri&s is an 8-bit monolithic digital-to-analog 
converter (DAC) featuring a full scale output current setiling 
time of 150 ns while dissipating only 33 mW with ± SV sup­
plies. No reference current (IREF) trimming is required for 
most applications since the full scale output current is typi­
cally ± 1 LSB 01 25S IREFI 256. Relative accuracies of bet­
ter than ±O.t9% assure B-bit monotonicily and linearity 
while zero level output current of less than 4 p.A provides 
B-bit zero accuracy for IREF",2 mA. The power supply cur­
rents of the DAC0808 series are independent of bit codes, 
and exhibits essentially constant device characteristics over 
the entire supply voltage range. 

The DACOB08 will interface directly with popular TIL, DTL 
or CMOS logic levels, and is a dir&ct replacement for the 

Block and Connection Diagrams 

~'??yyyy~ 
IIAIIGl 

CURREIIT SWITCH£S -.. 

MCI508/MCI40B. For higher speed applications. see 
DACOBOO data sheet. 

Features 
• 	 Relative accuracy: ±0.19% error maximum (DAC080B) 
• 	 Full scale current match: ± 1 LSB typ 
• 	 7 and 6·bit accuracy available (DAC0807. DAC0606) 
• 	 Fast settling time: ISO ns typ 
• 	 Noninverting digital inputs are TIL and CMOS compati­

ble 
• 	 High speed IT)LIltl'plying input stew rate: B mAlp.s 
• 	 Power supply voltage range: ± 4.SV to ± lBV 
• 	 Low power oonsumption, 33 mW @ ± sv 

Dual-In-Une Package 

C"'''.OL Order Number 
DAC0808, DAC0807, VIE...!. 

Ie I.OU1I...!. 

Gil• ..!. 

orDAC0806"·I"lADDU 
See NS Package 

Number J18A, 

I I~'" 
Viti"., I L ~ ••ocu:~ v" M18Aor N18A ........ IG"ln,,,ut 
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Top View 

Ordering Information 
OPERATING TEMPERATURE 	 ORDER NUMBERS ACCURACY 

RAN~E J PACKAGE (JI6A)' N PACKAGE (NI6A)' 

8·bit -SS'C:o:TA" + 12S'C DACOBOBW: IMC1S08L8
8-bit O'C"TA" +7S'C DAC0808LCJ MC1408L8 DAC0808LC: I:MC140BPB 
7-bit O'C"TA,,+7S'C DAC0807LCJ MC1408L7 DACOB07LCN MC1408P7 
6·bit O'C"TA" +7S'C DAC0806LCJ MC1408L6 DAC0806LCN MCI40BP6 

-Note. Devices may be ordered by using either order number. 

TL/H/5687-2 

SO PACKAGE (MI6A) 

DAC0808LCM 
DACOB07LCM 
DACOB06LCM 
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MICRO-DACTM DAC1208, DAC1209, DAC1210, DAC1230, 
DAC1231, DAC1;232 12-Bit, f-LP Compatible, 
Double-Buffered D to A Converters 
General Description 
The DAC1208 and the DAC1230 series are 12-bit multiply­
ing D to A converters designed to interface directly with a 
wide variety of microprocessors (8080, 8048, 8085, 2-80, 
etc.). Double buffering input registers and associated con· 
trollines 8110w these DACs to appear as a two-byte "stack" 
in the system's memory or 1/0 space with no additional in­
terfacing logic required. 

The DAC1208 series provides all 12 input lines to allow sin­
gle buffering for maximum throughput when used with 16-bit 
processors. These input lines can also be "externally config· 
ured to permit an 8-bit data interface. The DAC1230 series 
can be used with an S-bit data bus directly as it internally 
formulates the 12-M DAC data from its 8 inpul lines. All of 
these DACs accept left· justified data from the processor. 

The analog section is a precision silicon·chromium (Si-Cr) 
R-2R ladder network and twelve CMOS current switches. 
An inverted R-2R ladder structure is used with the binary 
weighted currents switched between the lOUT! and IOUT2 
maintaining a constant current in each ladder leg -indepen­
dent of the switch state. Special Circuitry provides TIL logic 

input voltage level compatibility. 


The DAC1208 series and DAC1230 series are the 12-bit 

members of a family of microprocessor compatible DACs 

(MJCRO-DACSTM). For applications requiring other resolu­

tions, the DAC1000 series for 10-bit and DAC0830 serias 

for S-bit are available alternatives_ 


Typical Application 

CONTROL IUS Vee cs 
iR1 
WR2 
IYTE lfiVffI 
XfER 

~ 
... 

DATA IUS 

Features 
• 	 Linearity specified with zero and full-scale adjust only 
• 	 Direct interface to all popular microprocessors 
• 	 Double-buHered, single-buHered or flow through digital 

data inputs 
• 	 Logic inputs which meet TIL voltage level specs (I.4V 

logic threshold) 
• 	 Works with ± 10V reference-full 4-quadrant 

multiplication 
• 	 Operates stand-alone (without fLP) if desired 
• 	 All parts guaranteed 12-bit monotonic 
• 	 DAC1230 series is pin compatible with the DAC0830 

sertes 8-bit MICRO-DACs 

Key Specifications 
• 	 Current Settling Time 1 fLs 

12 Bits• 	 Resolution 
• 	 Linearity (Guaranteed 

over temparature) 10,11, or 12 Bits of FS 
1.3 ppmrC• 	 Gain Tempeo 

• 	 Low Power Dissipation 20 mW 

• 	 Single Power Supoly 5 Voc to 15 Voc 

">-"'-VOUT 

+-onv 

ZERO '" 
ADJUST 

TL/Hf5690-1 
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FEATURES 
Ultnohigh Speed: Current Settling to 1LSB in 35ns 
High Stllbility Buried Zliner Referenee on Chip 
Monotonicity Guaranteed over Ternpernure 
10.24mA Full-Scale Output Suitable for VIdeo 

Applications 
Integral and DIfferential UnHrtty Guaranteed Over 

Ternpereture 
0.3" "Skinny DIP" Packaging 
Variable Threshold Allows TTL and CMOS 

Interface 

PRODUCT DESClUPTION 
The AD568 is an ultrahigh-speed, 12-bit diaital-to-analog con­
verter (DAC) settling to 0.025% in 350$. The moDOiithic device 
is fabricated using Analog Devices' Complcmcntary Bipolar 
(CB) Process. This is a proprietary proa:ss featuring bl,h-speed 
NPN and PNP devices on the same chip without the use of 
dielectric isolation or multichip hybrid techniques. The hisb 
speed of the ADS68 is maintained by keeping impedance levela 
low enough to minimize the effects of para.;tic circuit 
capacitances. 

The DAC consists of 16 current soun:cs configured to deliver a 
1O.24mA full-acale CUITent. Multiple mall:bed ~nt sources 
and thin-film ladder techniques an: combined to produce bit 
weighting. The DAC's output is a 10.24mA full acaJe (FS) for 
current output applications or a 1.024V FS _buffered voltqc 
outpUt. Additionally, a 1O.24V FS buffered output may be 
gcocrated using an onboard Ildl ape resistor with ID ext=W 
op amp. Bipolar ranaes are accomplisbcd by pin stl'aJ)PiDI. 

Lucr wafer trimming insures full 12-mt 1iDearity. All pwIes of 
the ADS68 are guaranteed monotonic over their full operating 
temperature range. Furthermore, the output railtlDce of the 
DAC is trimmed to lOon:!: 1.0%. The gain uimperarure coefficient 
of the volugc output is 3OppmI"C mu: (K). 

The AD568 is available in three performance p-ades. The 
AD568JQ and KQ are available in 24-pin =dip (0.3") pockaaes 
and an: specified for operation from O'to +7O'C. The AD568SQ 
fest:Ures operation from - 55'C to + 125'C and is also pacbgcd 
in the hermetic 0.3" cerdip. 

12-Bit Ultrahigh-Speed 
Monolithic OfAConverter 

AD5G8 I 
AD568 FUNCTIONAL BI..OCK DIAGIlAM 

~~~H-G1:-I,-,-	 :::- ­-- ....== 
~----------------------e----e~~--= 

PRODUCT IUGIILIGHTS 
I. 	The ultrafast settling time of the ADS68 a1lon Je.dDI& edae 

performance in waveform generation, 'p-aphics diIpIay and 
hisb-speed AID conversion applications. 

2. 	Pin stl'aJ)PiDI provides. variety of voltqc and current outpUt 
ranaes for application versatility. TiPt IlCIIIIlOI at the abooIuII: 
ODtpUt current reduc:a trim requirements in aa:mally-lC8led 
applicatiOllJ. 

3. 	 Matched oa-chip raistors can be used for prociIioa IC8tint 
in hisb-lpeed AID conversion cin:uits. 

4. 	The diaital inputs an: COIIIpaIible with TIL and +5V CMOS !2 
IotPc families. l5 

S. 	 Skinny DIP (0.3") peebsiDa minimizes boud II*C require- 'i 
ments and eases layout COIIIideratioaa. 0 

f 
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FEATURES 
Four Complete Voltage Output DACa 
Data Register Readback Feature 

"ReNt to Zero" Override 

Multiplying Operation 

Double-Buffered Latch.. 

PLCC, Lee and DIP PacIIeges 


APPLICATIONS 
Automatic Test Equipment 
Robotics. 
Process Control 
Disk Driv .. 
Instrumantation 

PRODUCT DESCRIPTION 
TIl<: AD664 is four complete 12 bit, voltage-output DACs on 
0IIe monolithic IC chip. Each DAC has a double buffered input 
latch structure and a latch data readback function. All DAC 
ROd and write operations occur through a single microprocessor· 
compatible 110 port. 

TIl<: 110 port accomodates 4-,8- and 12-bit parallel words allowing 
simple interfacing with a wide variety of microprocessors. A 
reset to zero control pin is provided to allow. user to simultaneously 
reset all DAC outputs to zero, regardless of the contents of the 
input latch. Anyone or all of the DACo may be placed in a 
transparent mode allowina immediate response of the outputs to 
the input data. 

The analog portion of the AD664 consists of four DAC ceUs, 
four output amplifiers, a control amplifier and switches. Each 
DAC ceU is an inverting R-2R type. The output current from 
each DAC is switched to the on-board application resistors and 
output amplifier. The output range of each DAC ceU is pro­
grammed through the digital 110 port and may be set to unipolar 
or bipolar raDF, 0 to 10 volts or - 10 to + 10 volts respectively. 
All DACs are operated from a single external reference. 

The functional completcncss of the AD664 results from the 
combination of Analog Devices' BIMOS II process, laacr-trimmed 
thin-film resistors and double-level metal interconnects. 

PRODUCT HIGHLIGIITS 

1. 	The AD664 provides four voltage-output DACs on one chip 
offering the highest density 12-bit D/A function available. 

2. 	The output range of each DAC is fuUy and independently 
programmable. 

3. 	Readback capability allows verification of contents of internal 
data registers. 

4. 	Tbc asynchronous RESET control returns all D/A outputs to 
zero volts. 

Monolithic 
12-Bit Quad OAC 

A0664 
AD664 FUNCTIONAL BLOCK DIAGRAMS 

28-Pin Block Diagram 

11_ II" "'NAL(IG 
.UII.I$V GIfIOU/OIO 

.. 	 " 
44-Pin Block Diagram 

5. DAC-to-DAC matching performance is specified and tested. 

6. 	 Linearity error is specified to be 112LS8 at room temperature 
and lLSB maximum. 

7. 	DAC performance is guaranteed to be monotonic over the 
full operating temperature range. 

8. Readback outputs have tristate outputs. 

9. Multiplying-mode operation allows use with fixed or variable 
external references. 
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FEATURES 
Complete 12-Bit AJO Converter WIth ReteNnce 

and Clock 
Fa.ter Version of A0574A 
I- and 11-Bit Bus Intortace 
No Miuing Cod.. Over Temperature 
1S.... max Conversion Time 
:i: 12V and :i: 15V Operation 
Unipolar and Bipolar Inputs 
DIP Package 

PRODUCT DESClllPTlON 
The A0674A is a complet. 12-bit successive-approximation 
analog-to-digiral convener with three-stat. output buffer circuitry 
for direct interface to an 8- and 16-bit microprocessor bus. A 
hich-precision voltage reference and dock .... included on-chip, 
and the circuit requires only power suppties ""d control sisnals 
for operation. 

The A0674A is pin compatible with the industry-standard 
AD574A but offers faster conversion time and bus-access sPeed. 
The A0674A design is implemented with two LSI chips each 
containing both analog and digiral circuitry, resulting in the 
maximum performance and flexibility at the lowest cost. The . 
chips are laser trimmed at the wafer stage to obtain full rated 
performance without external trims. 

The A0674A is available in six different grades. The A0674A1, 
K. and L grades are specified for operation over the 0 to + 7O"C 
temperature range. The A0674AS, T, and U are specified for 
the - 55"C to + 125"C range. All grades are available in a 28-pin 
hermetically sealed ceramic DIP. 

The S, T, and U grades are also available with optional processing 
to MIL-STD-883C Class B in 28-pin DIP. The Analog Devices 
Mili.tary Products Databook should be consulted for details on 
IBB3B testing of the A0674A . 

•_ 	 !oJ u.s. "- No<. J,I03,Stt; 4,10.-; 4,511,40; 
lIE la,6J3. 

Complq, 
12-Bit AID Converter 

AD674A* 
AD674A FUNCTIONAL BLOCK DIAGRAM 

'I\/~Y...~. 
OA'II.IIIIIOOlH\':i I 

CHIfI.Ua: 1 
.Tn~1UI' 

IMOfIITCYClf •... 
"'(AO~E"T

"'" 

....
""""TO 

PRODUCT HIGHLIGHTS 
1. 	 The A0674A interfaces to most 8- or 16-bit microprocessora. 

MultipJe-modl' three-state Output buffers COnnec:l directly to 
the data bus while the read and CODven commands are taken 
from the contrOl bua. The 12 bits of output data can be read 
either as one 12-bit word or as two 8-bit bytes (one with 8 
data bits, the ocher with 4 data bits and 4 trailing uros). 

2. 	The precision. laser-trimmed scaling and bipolar offset resistors 
provide four calibrated ranges: 0 to + 10 and 0 to + 20 volts 
unipolar. - S to +S and - 10 to + 10 volts bipolar. Typical 
bipolar offset and full-scale calibration errors of '" O. I% can 
be trimmed to zero with one external component each. 

3. 	The internal buried unerreference is trimmed to 10.00 volts 
with 1% maximum error and ISppmI"C typical T.C. The 
reference is available extemalJy and can drive up to 2.0mA 
beyond the requirements of the reference and bipolar offset 
resislon. 
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I 
FEATURES 
Complete 16-Bit Convert... With Refe_ 

and Clock 

:t: 0.003% Maximum Nonline.rity 

No Missing Codes to 14 Bits Over Temperature 

Fast Conv...n - 14115 (14 Bitl 

Short Cycle Capability 

Pa..11eI and SerIal OutpuU 

Low Pow...: 645mW Typical 

Industry Standard Pin Out 


PIlODUCT DESCRIPTION 
The AD1376 is a high resolution If>.bit hybrid IC anaiog-to-disital 
converter including reference, clock, and laser-trimmed thin-fllm 
components. The package is • compact 32-pin, pin-stalte DIP. 
The thin-film scaling resistors allow analog input ranges of 
±2.SV, ±SV, ± 10V, 0 to +5V, 0 to + 10V, and 0 to +20V. 

Important performance characteristics of the devices arc maximum 
linearity error of ± 0.003% of FSR, and maximum l4-bit con­
version time of IS ...... This performance is due to innovative 
design and the ttsC of proprietary monolithic DJA convener 
chips. Laser-trimmed thin-fllm resistors provide the linearity 
and wide tcmperarnre range for no missing codes. 

The ADl376 provides data in paraIlel and serial fonn with 
corresponding clock and stattts outputs. All digital inputs and 
outputs arc TIL compatible. 

APPUCATIONS 
The AD1376 is excdlcnt for use in applications requiring 14-bit 
accuracy over extended tcmperarnre ranges. Typical applications 
include medical and analytic instrUmentation, precision meas­
urement for industrial robots, automatic test equipment (ATE), 
multichannel data acquisition systems, servo control.systems 
and anywhere that cxceUent stability and wide d)'lWjiic range in 
the smaIlest space is required. 

Complete High-Speed 
lS-Bit AID Converter 

AD1376 
AD1376 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
I. 	The ADI376 provides If>.bit reSolution with maximum linearity 

·error less than ± 0.003% (± 0.006% for J grade) at 2S'C. 

2. 	Conversion time is 14..... typical to 14 bits with shon cycle 
capability, and 16JLS to 16 bits. 

3. 	Two binary codes arc avaiJable on the ADI376 output. They 
arc compicmentary straight binary (CSB) for unipolar input 
voltage ranges and compJcmentary'offset binary (COB) for 
bipolar input ranges. CompJcmcntary twos compleroent (CTC) 
coding may be obt'ained by inverting Pin I (MSB).' 

4. 	The proprietary chips used in this hybrid design provide 
exccUcnt stability over temperature and lower chip count for 
improved rcliability. 

5. 	 The AD1376 includes an internal reference and clock, with 
external clock adjust pin, and a scriaJ outpUt. 
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Monolithic 8-Bit 
Video AID Converter 

AD9048 
FEATURES AD9048 FUNCTIONAL BLOCK DIAGRAM 
8-BIts; 20MSPS Minimum Word Rates 
420mW Power Dissipation 
No T/H Required 
17pF Input Capacitance 
Industry Standerd Pinouts 

PRODUCT DESCJUPTJON 
The AD9048 is an 8-bit, 20MSPS flash converter which is pin-for­
pin compatible with the TDC1048 unit but offers enhancements 
over its predecessor. Significantly improved output driver stages 
and reduced power make the AD9048 attractive for system 
designs. 

Full power bandwidth is 7MHz minimum, making it an ideal 
choice for doing real-time conversion of video signals, where 
1II.Il08 frequency information of interest is seldom higher than 
4MHz-5MHz. 

Oocked latching comparators, encoding logic, and an output 
buffer register operating at minimum rates of 20MSPS make it 
unncecessary to incorporate a sample-and-hold (SIB) or track-and­
hold (T/H) into desigos using the AD9048. All dilital control 
inputs and outputs are TTL compatible. 

Devices which operate over two case temperature raoges and 
with two grades of linearity are available. Linearities of O.5LSB 
or O.75LSB can be ordered for a commercial range of 0 to .. 700c, 
or extended temperatures of - 55'C to + 125'C . Units are 
packaged in 28-pin ceramic DIPs and are also available as LCC 
packages. 

DGND OGND AGNO AGND 

OVTLINEDIMENSIONS 
o--._iDiDdoeollld(IIIIDj;., 

28-Pin Cerdlp Paebp 28-Pin'te..mi.: Leadlcu Chip Carrier (LeC) 

f~::::~::~:::::"If 
.... 

NO,11'1t11NDD 

627 

http:28-Pin'te..mi


InterfaceCircuits 


LM311 voltage comparator 

general description 
The LM311 i,s a voltage comparator that has input 
currents more than a hundred times lower than de­
vices like the LM306 or LM710C. It is also de· 
signed to operate over a wider range of supply 
voltages: from standard ±15V ap amp supplies 
down to the single 5V supply used for IC logic. Its 
output is compatible with RTL, DTL and TTL as 
well as MOS circuits, Further. it can drive lamps or 
relaY50, switching voltages up to 40V at currents dS 

high as 50 mA. 

features 
• Operates from simJle 5V supply 

• Maximum input current: 250 nA 

• Maximum offset current: 50 nA 

• Differential input voltage range: !30V 

• Power consumption: 135 mW at ~ 15V 

Both the input and the output of the LM311 can 
be isolated from system ground, and the output 
can drive loads referred to ground. the positive 
supply or the negative supply. Offset balancing 
and strobe capability are provided and outputs can 
be wire OR'ed. Although slower than the LM306 
and LM710C (200 ns response time vs 40 nsl the 
device is also much less prone to spurious oscilla­
tions. The LM311 has the same piro configuration 
as the LM306 and LM71OC, 

schematic diagram and auxiliary circuits . -­

Offwt Balancing 

._. 
'- .1=, 

" "l""llJ ,'... 

.. 
S'fobi", 

.. ' 

~ 
~.II I 

J_._--'...... .. 
__ 

'........ 

connection diagrams· 

Du.I-ln-LiM ,Ide... Dual-in-Line'lICk... 

·..-e···....·_'1, .=' _., ._­
.." ...1_.. __-. 

,," ..t ___ 
,. 

' ...If. 

·Pin connectiom shown on schematic di .....m 
.nd typic" epplication• .,. for TO-5 ;laCk.... 
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LF353 Wide Bandwidth Dual 
JFET Input Operational Amplifier 

General Description 
These devices are low cost. high speed. dual JFET input 
operational amplifiers with an internally trimmed input offset 
voltage (BI.FET lin.. technology). They require low supply 
current yet maintain a large gain bandwidth product and fast 
slew rate. In addition. well matched high voltage JFET input 
devices provide very low input bias and offset currents. The 
LF353 is pin compatible with the standard LM1558 allowing 
designers to immediately upgrade the overall performance 
of existing LMI558 and LM358 designs. 

These amplifiers may be used in applications such as high 
speed integrators. fast 01A converters. sample and hold 
cifcuits and many other circuits requiring low input offset 
voltage. lOW input bias current. high input impedance. high 
slew rate and wide bandwidth. The devices also exhibit low 
noise and offset voltage d~. 

Typical Connection 

" 

Simplified Schematic 

112 ou.I 
.c<o----<~-----_--., 

'. 

Features 
• 	 Internally trimmed offset vottage 

• 	 Low input bias current 

• 	 Low input noise voltage 
• 	 Low input noise current 

• 	 Wide gain bandwidth 
• 	 High slew rate 

• Low supply CUlTent 
.• High input impedance 

10 mV 

50pA 
16 nV/.{Hi 

0.01 	pAl.JH2 
4 MHz 

13 V/,.s 

3.6mA 
'10 '2n' 

• 	 Low tolal harmonic distortion Av= 10. <0.02% 
RL= 10k. VO=20Vp-p. BW=20 Hz·20 kHz 

• 	 Low lit noise comer 50 Hz 

• 	 Fast settling tirrie to 0.01 % 2 /Ls 

Connection Diagrams 

Metal CIon Package (Top View) 

Order Number LF353H 

See NS PM:IIage Number H08C 


10-.......-..,-- OIllT'Uf I 

.­
Order Number LF353J, LF353M or LF353N 

See NS Package Nunm«.IOIA, MOl" or HOlE 
'" 0--....--....----.....---1 

Tl/H/56&9- , 
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LM363 Precision Instrumentation Amplifier 

General Description 
The LM363 is a monolithic true instrumentation amplifier. It 
requires no external parts for fixed gains of 10, '00 and 
1000. High precision is attained by on-chip trimming of off· 
set voltage and gain. A super-beta blopolar mput stage 
grves very low input bias current and voltage noise, ex· 
tremely low offset voltage dnft, and high common-mode re­
Jection ratIO. A new two-stage amplifier design yields an 
open loop gain 01 10,000,000 and a gain bandwidth producl 
01 30 MHz, yet remains stable lor all closed loop gains. The 
LM363 operates with supply voltages Irom ± 5V to ± 1BV 
With only 1.5 rnA current drain. 

The LM363's low voltage noise, low o"set voltage and 0"­
set voltage drift make it ideal for ampli'Xing low-level, low­
Impedance transducers. At the same time, its low bias cur­
rent and high input Impedance (both common-mode and 
differential) provide excellent performance at high imped­
anee levels. These leatures, along with its ultra-high com­
mon-mode rejection, allow the LM363 to be used in the 
most demanding instrumentabon amplifier applications. re­
placing expensive hybrid, module or multi-chIP designs. Be­
cause the LM363 is internally trimmed, precision external 
resistors and their associated errors are eliminated. 

The 16-pin dual-in-line package provides pin-strappable 
gains of la, 100 or 1000 Its twin dlHeren!ial shield drivers 

Typical Connections 

8-Pln Packlllle 

O&HPU' 

Tl/HJ5609-1 

Connection Diagrams 

-


eliminate bandwidth loss due to cable capacitance. Com­
pen!'l.ation pins allow overcompensation to reduce band­
width and output noise, or to provide greater stability with 
capacitive loads. Separate output force, sense and refer­
ence pins permit gains between 10 and 10,000 to be pro­
grammed using external resistors. 

On the B-pin TO-5 package, gain is internally set at 10, 100 
or 500 but may be increased with external resistors. The 
shield driver and o"set adjust pins are omitted on the B-pin 
verSions. 

The LM363 is rated lor O"C to 70"C. 

Features 
• OHset and gain pretnmmed 
• 12 nV/JHz input OOIse (G=500/looo) 
• 130 dB CMRR IyIcal (G =50011000) 
• 2 nA bias current typical 
• No external parts required 
• Oual shield drivers 
• Available at 0.5 ,.vrc maximum drift 
• Can be used as a high performance op amp 
• Low supply current (1.5 rnA typ) 

._-------------- ­

16-Pln Package 
G"'10 2.J.04.open 
G= 100 3-4 shorted 

'GO' 

18-Pln OU»-I ...LJne ........ 

...... .....,L.OU"lIf 

1.1_ '_1" .. v.. v.. -I.... 


Order Number Lll3t3H-l0, 
 Tl/HJ5IOi-2 
LM3I3H-l00 or LM3I3H-5OO 

...MS ........ NumberHOlC 
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LM565/LM565C Phase Locked Loop 

General Description 
The LM565 and LM565C are general purpose phase locked • Linear (rlar'lg'e wave ~·IP"\ In phas.: zerc crosS-lngs 

loopS containing a stable. highly linear voltage controlled available 

oscillator lor low distortion FM dem0(1ulallon, and 8 doublo • TTL and OTL compatlblf> ph,l".f' d,·'· ·:-h" .nput and 

balanced phase d(>(ector with good carner suppression The square wave output 

veo frequency IS set with an external reSIstor and capaci. • Adrustable hold In range from • 10 0 10 
tor, and a tunIng range of 101 can be obtained with the 
same capacitor. The characteristics 01 the closed loop sys­ Applications 
te~andwldth. response speed, capture and pull In • Data and tape synchronization 
range-may be adJusted over a Wide range with an ex1ernal 

reSistor and capacitor The loop may be broken ootween the 
 • Moderns 

• FSK demodulationveo and the phase detector for Insertion of a digital fre­

quency divider to obtain frequency multIplication • FM demodulation 

• Frequency syntheSizerThe l.M565H 1$ specIfied for operation over the - 55·C to 
+ 12S·C mlhtary temperature range The LM5SSCH and • Tone decoding 


LM565CN are specIfied for operation over the O·C to • Frequency rnult:pllcatton and diVISion 


+ 70'*C temperature range • SeA demodulators 

• Teremetrv receiver S 


Features • Signal regeneration 

• 200 ppml"C frequency stablhty of the VCO • Coherent demodulators 
• Power supply range of 5 to t. 12 volts with-4.: 

100 ppm/"to typical 
• 0.2% linearity of demodulated OUlput 

Connection Diagrams 
Metal Can Package Dual-In-Line P.ckage 

II 
-Vee J oe 

'HAS( 1 
tUCTOR 

.'f'Ul " NeL 
1 12nUl"" iIfIII'Uf oe

RESISTOR 

'CO 11 
.eOUll'UT 

~(O CO,.TAOl ~i'
'HASf COMP"RATOR 10 

VOL TACE • .... L<..yeO I"'U' 
FlH(FI[N(( TlMI!NG~l.E!~OUtpUT ("""C!fOR 

yeo CONTROL TIMt-.C 
VOL lAGE RESISTOR

'HASE COMPARATOR -":=iJ 1 

vCO INPUT 

Tl/H/78SJ-2 

Order Number LM565H or LM565CH Order Number LM565CN 
Se. NS Peckage Number HIOC See NS Package Number N 14A 

631 



LM710_ voltage comparator 

general description 
The LM710 i. a high-speed voltage comparator 
intended for use as an accurate, low· level digital 
level sensor or as a replacement for operational 
amplifiers in comparator applications where speed 
is of prime importance. The circuit has a differen­
tial input and a single-ended output. with saturated 
output levels compatible with practically all types 
of integrated logic. 

The device is built on a single silicon chip which 
insures low offset and thermal drift. The use of 
a minimum number of stages along with minority· 
carrier lifetime control (gold doping) makes the 
circuit much faster than operational amplifien in 

schematic· and connection diagrams 

typical applications· 

Interface Ci rcuits 


saturating comparator applications. In tact. the low 
stray and wiring capacitances that can be realized 
with monolithic construction make the device dif· 
ficult to duplicate with discrete components oper· 
ating at equivalent power levels. 

The lM710 is useful as a pulse height discrtml· 
nator. a voltage comparator in high·speed AID con· 
verters or a go. no-go detector in automatic test 
equipment. It also has applications in digital sys­
terns as an adjustable-threshold line receiver or an 
interface between logic types. In addition, the low 
cost of the unit suggests it for applications replae JI 
ing relatively simple discrete component Circuitry 

M.tal Can Pilckage 

~' ,.~--",',
; _ ... ..-:-.6<:e 

-~ I ,,,,.-("'1.00., , 

Line RK.iv... With 
IncrNMd Output 
Sink Current 

'. "'~. 
,-, ­

,.,.. ~"" ~ ... 
Level Detector With 

PUIN Width Modulator Lamp DriQr 

,.," ".... JUULNI/\~. 

~-, 

·Pin connections shOwn are tor metal can. 
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Interface Circuits 


LM711 dual comparator 

general description 

The LM711 containS tW<l vOll091: comfJiHators venllonal sense amplifier designs Further, It has 

with separate differential mput!., it common oul the speed and dccuracy needed for reliably detect 

put and provISion for strobing each side mdepen tng the outputs of cores as small as 20 mils. 

dentlv. Similar to the LM710. the device features 
low offset and thermal dnft, a large Input voltage 
range. low power consumption, fast. recdvery from 

large overloads and COlTllldtlbdlty with rno~t Inte The LM711 IS also useful In other appllcattons 

grated logic Circuits. where a dual comparator with OR' ed outputs IS' 

required, such as a double· ended limit detector By 

With the addition of an external resistor network, uSing common CirCUitry for both halves, the device 

the LM 711 can be used as a sense amplifier for Cdn prOVide high speed wIth lower power dlS&lJ.)d 

core memOries. The mput thresholding, combined tlon thdn two single compdrators. The LM711 IS 

wIth the high 9<:un of the cumparator, ellmlllate!:> dvalldble In either an lO·lead low profile TO 5 

many of the lnacCuracle~ encountered with con hedder or a 1 4·' by 1 4·· meld I flat packd<je 

schematic and connection diagrams 

. 
".O,,~C I ·UT.,,! 

,nU't I _ _. 11.0" ~ , , 

. . . 

typical applications 

Sense Amplifier With Supply Strobing Double-Ended limit Detector 
for Reduced Power Consumption· With Lamp Drive, 

""~~ 


~""II 


" ... 
=~':l'_""~4... .Il. 

~,. 

~.. 


.-.--~ 
-~-
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z z z'z z 
(")+(")1(") 

NC .. NC 

VCC­ OFFSET NI 

NC - NC 
OFFSET N2 :!! NC 

NC NC 

GENERAL DESCRIPnON - The ",A7.' is • high perfoMWIce monofithic Operationll Amplifier 
constructed uling the Fairchild Pi.".... • epiUlxili process. It il intended for. wid. range of Inllog 
.ppIiCltions. High common mode voltage range and IbIence of "Iltch-up" tendencies make the 
I'A741 idee! for use IS a volgge follower. The higt, gain and wtde range of operlting 'Ioltaoi provides 
superior performance in integrator, lumming amplifier. 8nd gener.. feedback applications. 

~ NO FREOUENCY COMPENSATION REOUIRED 
e SHORT CIRCUIT PROTECTION 
e OFFSET VOLTAGE NULL CAPABILITY 
e LARGE COMMON·MODE AND DIFFERENTIAL VOLTAGE RANGES 
• LOW POWER CONSUMPTION 
• NO LATCH UP 

ABSOLUTE MAXIMUM RATINGS 
Supply VoI_ 

Military .17411 .22 V 
Commercial (741C) :t18V 

Intlrnel Power Dissipation (Notl 1) 
Metal C8n 500mW 
DIP 670mW 
Mini DIP 310mW 
FI8tPOk 570mW 

DiH""nliollnpul VoI_ .•30 V 
Inpul Vol_ (Note 2) .,5 V 
Storage Temperature Range 

Motel Con. DIP. end FI....k _65°C to +150°C 
Mini DIP -ss"C 10 +125"c 

Operating Temperature Ringe 
Military (7411 -65·Cto+1~C 
Comrl*cial (741C) o"C 10 +7O"C 

LNd Temperature (SOldering) 
Me..1Con. DIP. end FI....k (60~) ui'c 
Mini DIP (IO~) 260"c 

Output Short Circuit Ourtltion (Note 3) Indefinite 

EQUIVALENT CIRCUIT 
~-----r--~--~--~-------'~ 

zoz<z 
n c no (') 

.... n 
.+ 

CONNECTION DIAGRAMS 


a·LEAD METAL CAN 

(TOP VIEW) 


PACKAGE OUTLINE 58
., 

,,,,,.,__, : • OU'''''·..·-e··'··
__= J. ~ 00"1' .... ' 

Not.: Pin" connected to c... 

ORDER INFORMATION 
TYPE PART NO. 
741 741HM 
741C 741HC 

14-LEAO DIP 

(TOP VIEW) 


PACKAGE OUTLINE SA 


., r II"C 

.fil'_.! I'" 
_ •• _ II •• 
___I t tvl"'" 

_1- .IM'"8""
... , '-.. 
<oe' ".c 

ORDER INFORMATION 
TYPE PART NO. 
741 741 OM 
741C 7410C 

100LEAD FLATPAK 

(TOP VIEW) 


PACKAGE OUTLINE 3F 


ORDER INFORMATION 
TYPE PART NO. 
741 741FM 

..LEAD MINIDIP 

(TOP VIEW) 


PACKAGE OUTLINE 9T 


::'~:=:~:.' 
-~~ ~ =-~ 
ORDER INFORMATION 

TYP£ .PART NO. 


741C 741TC 

FIGURE 1.47 Manufacturer's specification sheets for the Fairchild I"A741 (Courtesy of Fair­
child Semiconductor) 
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IJA747 

DUAL FREQUENCY COMPENSATED OPERATIONAL AMPLIFIER 


FAIRCHILD LINEAR INTEGRATED CIRCUITS 

GENERAL DEICRIPTION - TIle "A747 is • poi, 01 high .,..1__ monoIichic Oporo.i_ 
Amplifi.... constructed wi.... tile Feirchlld Planer- ....... prOCftl. They ... intencled for • wide 
renee of eneIOg eppfiCMions ..... boerd ..... or weight .... irnpot'1ent. High common mode wit... 
_ on<! _ 01 "1.'ch~pH molt..... "A747 _ for _ •• vel•• '01_. TIle high goin 

.... wide ' ...... of opff'e'ing VOl.... provida IUpertor PI',fomwnc:e in in.egr.tor~ lUl'lWfting empIitier. 
end ...,.,.. fMdbeck lIPPIicatiOftl. The ,,14.747 is short-circuit protected end requi.... no ........1 
eomponent. for frequeney compensation. The intam.' 6 dB/octave roll-off Insu.... ItllbitiIY' in c:IoHd'-oPPI-_. For ...... _ifior~. _ ,.A74' dot. til.... 

• NO I'REQUENCY C_NlATION REQUIRED 
• SHORT.CIRCUIT ",OTECTION 
• OFFSET VOl. TAGE NULL CAPABILITY 
• LARGE ~MODE AND DIFFERENTIAL VOLTAGE RANGES 
• LOWI'OWERCONSUWTION 
• NO LATCH Uf' 

A8IOLUTE MAXIMUM RA.TlNOS 
Supply Vol..... 

MiIi'.ry (747) .22 V 
Cam...,ei.1 ,747CI .,1 V 

InterNl Power Dillipetlon (Note U 
Me,e' Cen IIOOmW 
DIP 870mW 

[)tff.rent'" Input Vol,... .:lOV 
Input Vol'... eNo•• 2. *'5 V 
Volt. _ OfI... N~II ond V_ .0.5 V 
S.orogoT_.. Rongo -8!i"C 10 .,we 
Oper.'ing Temper.tur. A.,.. 

Mili..." 17471 -55- C 10 +125·C 
COIftfMrciel 1747CI ff'e.07ff'c 

lud Temper.lur. (Sokterinl. 60 tecond., 3Of!'e 
OutPUt Short-Circuit Duration (Note 3) Indefinite 

EOUIVALENTCIRCUIT (Eoch SMIoI 

r-'r----r-,r----r-----,---<>,·· 

.....' 

CONNECTION DlAO_ 

'4-LEAD DI' 

ITOPVIEWI 


PACKAGE OUTLINE 7A 


(,t'rSlT..,,,."""'.... 
......"-'"....." OJt"""NU'" 

NO 
COMleY 

Of"Sll 001"-111.......
-- ,..
"""'1... or"""""'1 """. 

ORDER INFORMATION 
TYPE PART NO. 
747 747DM 
747C 747DC 

1().LEAD METAL CAN 

ITOPVIEW, 


PACKAGE OUTLINE 5F 


ORDER INFORMATION 
TYPE PART NO. 
747 747_ 
747C 747HC 

"0.. on ....owin',...... 
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Operational Amplifier. 
CA3130. CA3130A, CA3130B 

• 

-.0., 
 SIMOS
CA3130E 

CA31311AE 
 Operational Amplifiers 

H.'817 :II 	 With MOS/FET InpuV COS/MOS Output 

FEATURES: 
• MOS/FEr input stage provides: 

very high Z, = 1.5 TO (1.5 x 10120) typo 
~ very low /I ~ 5 pA typo at 15-V operation 

AIITY.... 2 pA typo at 5- V operation "LEADT().6 All "fYpo& 
_ DuoI-tn·Une ..LEAD TOO • Common·mode input-voltage range inCJUdes}
,--LOIidO ITouffl_' negative supply rail; input lerminals can 
l8ouffl_' .H-1528 

be swung 0.5 V below negalive supply rail
H;1717 

• 	COS/MOS output stage permits signal swing 
10 either (or both) supply rails 

Ideal lor 
single-supply 
applications 

RCA-CA3130T, CA3130E, CA3130S, ~-3130AT, CA 
3130AS, CA3130AE, CA3130BT, and CA"3"f30BS' are 
inlegrated-clrcuil operational amplifier. thaI combine the 
Idvantag..of bolh COs/MOS and bipolar transistors on a 
monolithic chip. 

Gate-protected p-channel MOS/FET (PMOS) transistors 
ar. used In the Input circuit to provide very-high-Input 
Impedance, very-low-Input current, and exceptional speed 
performance. The u.. of PMOS field-effect transistors in 
the Input Itage results In common-mode input-voltage 
capability down to 0.5 volt below the negatlve-supply 
terminal, an Important attribute in single-supply applica­
tion •• 

A complementary-symmetry MOS (COS/MeS) tr.osi.tor­
pair, capable of swinging the output vollegeto within 10 
millivolts of either suppty-vollege terminal (al very high 
VlIJues of load Impedance), Is employed as the output 
circuit. 

The CA3130 Saries circuits operate at supply vollages 
ranging from 5 to 16 volts, or ±2.5 to ±8 volts when IIsin9 
spilt suppll ... They. can be ph... compensated with a 
lingle external capaCitor, and have terminals for adjust­
ment of offset voltage lor applications requiring offset-null 
capability. Terminal provisions are also made to permit 
Itroblng of the output stege. 

The CA3130 SerIes iasuppllP'l In standard 8-lead TO-~ style 
packages (T suffix), 8-lead du ... -ln-Iine lormed lead TO-5 
style "OIL-CAN" packagas (S suffix). The CA3130 is 
available In chip lorm (H suffix). The CA3130 and CA3130A 
are also available in the Mini-DIP 8-lead dual-in-line piastlc 

.....t~· 
, 	 ItU, .....·, 

~ OffSET 
~ HVll 

TOPVI!W 

S one! T Suffix.. 
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• 	 Low VIO: 2 mV max. (CA3130B) 
• 	 Wide BW: 15 MHz typo (unity-gain crossover) 
• High SR: 10 VI/lS typo (unity-gain follower) 
• High output current (/0): 20 mA typo 
• 	 High AOL: 320,000 (110 dB) typo 
• 	 Compensation with single external capacitor 

APPLICATIONS: 
• 	 Ground-referenced single-supply amplifiers 
• Fa" sample-hold amplifiers 
• Long-durelion timers/monostables 
• 	 High-input-Impedance comparators 

(Ideal interlace with dlgilal COS/MOS) 
• High-input-impedance wid.band amplifiers 
• 	 Voltage followers 

(e.g., folloWflr fo: sing/a-supply D/A 
converter) 

• 	 Voltage regulaIOta 
(permils control 01 output voltage 

down 10 zero volts) 


• 	 Peak detectors 
• Single-supply lull-wave prllClsion rectifiers 
• Photo-diodfl sensor ampliliers 

package (E suffix). All types operale over the lull military­
temperature range of -SS·C to +125·C. The CA3130B I. 
intended lor applications requiring premium-grade 
specifications. The CA3130A offer. superior input 
characteristics overlhosa 01 the CA3130. 

NULL 

'''V .....' I l' v+"'''''g.".... 

INV~NrUf ) • OUTPVI' 

y- .. , O::~T 

TO" VII[ • 

.." .• .6'•• 

ESuHlx 



Linear Integrated Circuits 

CA3140, CA3140A, CA3140B Types 
. Mini-DIP 
, CA3140E{/if.

CA3140AE 
: H-1817 

Ty.... 

8-L.... T0-6 

WIth DuoI-In-Llno 

F .... modL_ 
"DIL~AN" 
IS Suffixl 

BIMOS Operational Amplifiers 

With MOS/FET Input/Bipolar Output 

FEATURES: 
• 	 MOS/FET Input Staga 

la) Very high input impedance IZ/N) - 1.5 TO typo 
Ib) Very low input current (1/1- 10 pA typo at ± 15 V 
Ic) Low input-offset voltage IV,o) - to 2 mV max. 
Id) Wide common-mode input-voltage range IV,CR)­

can be swung 0.5 volt below negative supply-voltage 
rail 

H-1787 H-1528 Ie) Output swing complements input common-mode range 
If) Rugged input stage - bipolar diode protected 

The CA3140B, CA3140A, and CA3140are integrated-circuit 
operational amplifiers that combine the advantages of high­
voltage PMOS transistors with high-voltage bipolar 
transistors on a single monolithic chip. Because of this 
unique combination of technologies, this device can now 
provide designers, for the first time, with the special 
performance features of the CA3130 COS/MaS operational 
amplifiers and the versatility of the 741 series of industry­
standard operational arnpllflers. 
The CA3140, CA3140A, and CA3140 BiMOS operational 
amplifiers feature gate-protected MOS/FET (PMOS) 
transistors In the input circuit to provl..!e very-high-input 
impedance, very-low-input current, and high-speed 
performance. The CA3140B operates at supply voltages 
from 4 to 44 volts; the CA3140A and CA3140 from 4 to 36 
volts (either single or dual supply). These operational 
amplifiers are internally phase-compensated to achieve 
stable operation in unity-gain follower operation, and, 
additionally, have access terminals for a supplementary 
external capacitor if additional frequency roll-off is desired. 
Terminals are also provided for use in applications 
requiring input offset-voltage nulling. The use of PMOS 
field-effect transistors in the input stage results in common­
mode input-voltage capability down to 0.5 volt below the 
negative-supply terminal, an important attribute for single­
supply applications. The output stage uses bipolar 
transistors and includes built-in protection against damage 
from load-terminal short-circuiting to either supply-rail or 
to ground. 

The CA3140 Series has the same 8-lead terminal pin-out 
used for the "741" and other industry-standard operational 
amplifiers. They are supplied in either the standard 8-lead 
TO-5 style package (T suffix), or in the 8-lead dual-in-line 
formed-lead TO-5 style package "OIL-CAN" (S suffix). The 
CA3140 is available in Chip form (H suffix). The CA3140A. 
and CA3140 are also available in an 8-lead dual-in-Iine 

• Directly replaces industry type 741 in most applications 
• 	 Includes numerous industry operational 

amplifier categories such as general-pur­
pose, FET input, wideband Ihigh slew rate) 

• 	 Operation from 4-to-44 volts 
Single or Dual supplies 

• 	 Internally compensated 
• 	 Characterized for ± 15-volt operation 

and for TTL supply systems with 
operation down to 4 volts 

• 	 Wide bandwidth - 4,5 MHz unity 
gain at ± 15 V or 30 V; 3,7 MHz at 5 V 

• 	 High voltaga-follow,r sl,w rate - 9 V//JS 
• 	 Fast s,tting time - 1.4 JJs typo 

to 10 mV with a 10-Vp_p signal 
• 	 Output swings to within 0.2 volt 

of negative supply 
• Strobable output stage 

APPLICATIONS: 
• 	 Ground-referenced single-supply amplifiers 

in automobile and portable instrumentation 
• 	 Sample and hold amplifiers 
• 	 Long-duration timers/multivibrators 

(microseconds-minutes-hours) 
• 	 Photocurrent instrumentation 
• 	 Peak detectors • Active filters 
• 	 Comparators 
• 	 Interface in 5 V TTL systems & other 

low-supply voltage systems 
• 	 All standard operational amplifier applications 
• 	 Function generators • Tone controls 
• 	 Power supplies • Portable instruments 
• 	 Intrusion alarm systems 

TOP VIEW FI.. I - FultCtionM di.,,_ of",. 
SendT_lx. CA3140_... 
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Clocks 

MM5387AA. MM53108 digital alarm clocks 
general description 
The MM5387AA, MM53108 digital alarm clocks are 
monolithic MOS integrated circuits utilizing P·channel 
low·threshold, enhancement mode and ion-lmlll':lnll!d 

depletion mode devices. They provide all the logic 
required to huild several types of clocks and timers 
with up to four display modes (time, seconds, alarm 
and sleep) to maximize circuit utility, but are specifi­
cally intended for clock-radio applications. 80th devices 
will directly-drive 7·segment LED displays in either a 
12 hOll! format (3% digits' with lead-zero blanking, 
AM/PM indl(:atlon and flashing colon, or 24 hour 
form,11 (4 dUlil\) thlouQh hind-wire pin 'i~h'ction; th(' 
timekfWjlUHd 'UllctlOl1 opl~la{l!!; from t!iliwi iI 50 III 

60 H1 input, <110:;0 through pin selection. OutP~Jts consist 
01 d,,,play dl iV4!IS, steelp (Cl,g., IllTleri radio turn·off), and 
'111I11ll ,,, ...I,It'. 1\ POWI!I I.fli 11,,111:/1111111 ,notlu IS Iltllvllll'cl 

to Inform the user Qf IIlconect time dIsplay by II']slllJlg 

all "ON" digits at a 1 Hz rate, and is cancelled by 
simply resetting time. The device operates over a supply 
range of 24-26V which does not require regulation. 

The MM53108 IS electrically Identical to the 
MM5387AA, but with mirror·image pin·out to facilitate 
PC board layout when design;ng a "module" where the 
LED display and MOS chip are mounted on the same 
side; the MM5387AA is more suited for "L" shaped 
module designs (vertical LED display. horizontal com· 
POnent board). Both devices are supplied in a 40·lead 
dual·in·line package. 

block diagram 

features 
• 50 or 60 Hz operation 

• Single powm supply 

• 12 Of 24 hOUf displ.1V fnt mJI 

• AM/PM outputs } 
12 hOlll fo. mat 

• Leading·zero blanking 

• 24-hour alarm setting 

• All counters are resettable 

• Fast and slow set controls 

• Power faiiure mdication 

• Elimination of illegal limf! rhsnlilY at lurn "ON" 

• 011""f:1 IIllnrfaC:I! In LEO rllsl'l,IYS 

• 9'I1lHlulc !orl00/l~ .. limn 

• Presettdble 59-minute sleer tlmf~' 
• 1\ .... ltI,Ihlt· III ·,I,III1I'IIr1 

(MMS31OB) "",·out 

applications 
• Alarm clocks 

• Desk clocks 

• Clock radios 
• Automobile clocks 

• Stopwatches 

• Industrial docks 

t:::~"~"~"--------------------------------------~soltliler 

nlMu~~~~ ~~__________________________________---, 


_.z ,.... 

-"o~~::::::::::::::::~____~~
'ILICT 

AlUM.UT ~~--.., 

AI,.A.... ' 

_OOZI 

SLU"UT 

IlCOMOS DIS .,..!!lI:.!!"'L______________________________--I 
)1\_, 

., 0 


nfll 

kD.SlT 0----+ 


Miff 

fASf Hl. 0--0----+ 

(MMr}~lH71\1\) or milfOf IIn;lfl" 

• Portable clod,s 

• Photography timers 

• Industrial timers 

• Appliance timers 

• Sequential controllers 

TO MRS 

D'Gll 


TOIl'S 
Of •• 
DIGIT 

10 Mil" 
DIGn 

(1'2'1 

J
Va ~ Notl'!. MM53108 pin connections shown in parenthesis111111 

L-_______________~~_._O_"_"·__•________________F_IG_U_R_E_l_________________________________ 
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functional description 

A block diagram of the MMS387AA. MM53108 digit,1 
clock radio circuit is shown in Figure 1. The various 
display setting modes are listed in Table I, and Table II 
shows thn setting control functions. The following 
description is based on Figure 1 and rt:fcrs to both 
devices as they are electrically identical. 

50 or 60 Hz Input: A shaping circuit (Figure 3) is pro­
vided to square the 50 or 60 Hz input. This circuit 
allows \lSI'! of .1 liltem«1 sinewolve input. Thr. circuil is i 

Schmitt trigger that is designed to provide about 6V 0 

hysteresis. A simple RC filter such as shown in Figure 7 
should be used to remove possible line-voltage tran­
sients that could either cause the clock to gain time or 
damage the device. The shaper output drives a counter 
chain which performs the timekeeping function. 

50 or 60 Hz Select Input: A programmable prescale 
counter divides the input line frequency by either 
50 01 60 to ohtain il 1 Hz time base. This counter is 
programml!d to divide by 60 simply" by leaving 50/ 
60 HI s'~"~r.l IJnc:onlll'c:wd. pulhtowlI to VOD is pro 
vided by an internal depletion load. Operafion at 50 H.l 
is programmed by connecting 50/60 Hz select to VSS 

Display Mode Select Inputs: In the absence 01 any of 
these three inputs, the display dnvers present time-of 
day mimmation to the appropriate display digits. 
Illlt'IIl;,1 .11'1,1"111111 1"III·doWIl ch'VIc:r'~ ,ll1rlW U<,f! of sln1pl,' 
~PS I ::,wlldw~ 10 ~1'h:':1 1111' dl~I)I,IY IIlU' It'. It 1111111' 11',111 
one mode is selected, the prioritlc-s are <IS noted 111 

Table I. Alternate display modes are selected by apply· 
ing Vss to the appropriate pin. As shown in Figure 1 
the code converters receive time, seconds, alarm and 
sWiep information from appropriate points in the clock 
cYfcuitry. The display mode select inputs control the 

connection diagrams 
Dual-ln·Lin. P.cIt... 

.. 
.\MOUnUT l'1li OUTPUT 

lIHAS-.&c COlOII'(1 Nd " 
HAS· I 

1I 1m_ HA SEUCT 

HAS -. oc " 
"OS MIll HI snE.~'•,. 
HAS - .. MIll H, ,.,vT 

MRS -II FASlsn ...VT " II 
HRS - c ILOWSUI"'VT 

31IIns HCOII. otSnA'f IIIPUT 
10 II 

""'NS I AlAIUI DISPlAY • ...,., 

"M'NI SUE' DISPlAV I,,"'• 1\ .. " 
11..IIS - ••• v••" ..Il 


II"fIS- .. Va
,.
I.MtJlS-. SUE'OU'PUT " 15 21 
l1I1IN' -c ALA" "'OFf-'.PUT 

11 
MIJIS-I ALA_OUTPUT " 
M'.S 

,. 
saoan I..,U'• 11 " n

Mld-. DUTP"UT C_. SOUIICE 
II 2Z 

MIllS-II .... -I.. ....s .• MINS· • " 

gating of the desired data to the code converter inputs 
and ultimately (via output drivers) to the display digits. 

Time Setting InpUts: Both fast and slow setting inputs 
are provided. These inputs are applied either singly or 
in combination to obtain the control functions listed in 
Table II. Again, internal depletion pull-down devices. 
are provided; application of VSS to these pins affects 
the control function~, Note that tne control functions 
proper are dependent on the selected display mode. 
For example, a hold-time cootrol function is obtained 
by selecting seconds display and actuating the sloYl( set 
input_ As another example. the clock time may be reset 
to 12:00:00 AM, by selecting seconds display and actu· 
ating both slow and fast set inputs. 

Output Common Source Connection: All display out· 
put drivers are, open·drain devices with all sources 
common (FigurJ 4aJ, The common source Pin should 
be r.onnected to VSS. 

12 or 24 Hour Select Input: By leaving this pin uncon­
IlCCICtl, the uUUkJlS 101 lh,! l1loSt'SiYlliliGIIlI ,Iisplay 
digit (1 O's of hours) are programmed to provide a 
12-hour display format. An internal depletion pull­
down device is again provided_ Connecting this pin to 
VSS programs the 24·hour display format. Segment 
conr:'lections for 10's of Hours in 24-haur mode are 
shown in Figure 6. 

Power Fail Indication; II the power ttJ lhe Inluyrdh:d 
circuit drops, indicating a momentary ac pOWRr failure 
and possibie loss of clock,' all "ON" segment$ will 
flash at 1 Hz rate. A fast or slow set input' resets an 
internal power failure latch arid returns the display to 
normal. 

Ou.I-ln-Line P.1ckage .. 
NounUT AM OUTI'UT 

COLOII t1 HI) " 10 MRS -"'c 
un4 Hit SHEeT " HRS _t 

oc " HRS -, 

II HRS-'WQH,SHfC' 
n HRS.~Wl/to H,INPUT 

)4 NM-' 
II 

SLOW SET ,.,UT HRS- c 

FAST SET INtUT 

SICONo D'SPLAY IIIPUT " NRS-I 
It 

"LAU DISPlAY 'II'UT 

si.n, DISPlAY''''' 

" 
1\ 

,....-...v•• 
II 

21 " .... -11Va 
It 11 "MlItS-.SLU'OUmir 

aALA_ "OFF-IIfPUT ,••ItIS-1 

n- "._1AU..OutPUT 
M .... _,

SIIoaZlI_UT " ·It D .._.aUT"" c.,....IOUIICI 
II Z2 .IS-II 
II 

Mnu; - II --. 
" " 

" ...-. 
TOf VIIW T"VlIW 

Order Number MM5387AAN 
See PKk... 24 

0..010< Nu_MMli3101N
s..,......24 

FIGURE 2101. MM5387AA FIGURE 21bl. _1111 CMI..... Imago p;...outl 
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r------------------------------------- ­
functional description (Continued) 

Alarm Operation and Output: The alarm comparator 
(Figure 1) senses coincidence between the alarm count· 
ers (the alarm setting) and the time counters (real time). 
The comparator output is used to set a latch in the 
alarm and sleep ('ircuits. The latch output cnahtes the 
alarm output driver (Figure 4b) which is used to 
control the external alarm sound generator. The alarm 
ratcfl remains set for 59 minutes, during which the alarm 
will therefore sound if the latch output is not- tempor­
arily inhibited by another latch set by the snooze alarm 
input or reset by the alarm "OFF" input. 

Snooze Alarm Input: Momentarily connecting snooze 
to Vss inhibits the alarm output for between 8 and 9 
minutes. after which the alarm will again be sounded. 
This input is pulled-down to VOO by an internal deple· 
tion device. The snooze alarm feature may be repeatedly 
used during the 59 minutes in which the alarm latch 
remains set. 

Alarm "OFF" Input: Momenta! ily COI)lwcting alarm 
"OFF" to Vss resets the alarm latch and thereby 

VD. 

silences. the alarm. This input is also returned to VOO by 
an internal deple.tion device. The momer.tary alarm 
"OFF" input also readies the alarm latch for the next 
comparator oV.l,sut. and the alarm will automatically 
sound again in 24 hours (or at a new alarm slHting). 
If it is desired to silence the alarm for a .day or more, 
the alarm "OF F" input should remain at VSS. 

Sleep Timer and Output; The sleep output can be used 
to turn "OF F " a radio after a desired time interval of up 
to 59 minutes. The lime interval is. chosen by selecting 
the sleep display mode, (Table I) and setting the desired 
time interval (Table II). This automatically results in a 
current·souq:e output which can be used to turn "ON" a 
radio (or other appliance). When the sleep counter. 
which counts downwards. reaches 00 minutes, a latch 
is reset and the sleep output current drive is removed, 
thereby turning "OFF" the radio, This turn "OFF" 
may also be manually controlled Cat any time in the 
countdown) by a momentary VSS conner-tion to the 
SnOOLC input. The output circuitry is the same as the 
other outputs (Figure 4b). 

v,. 
FIGURE 3,50/60 Hr Input ShapinG Circuit 

v,. 

AU.. OR SUE' >--Ic..... SOURCE IUS ..... ~COMPARATOR
V,. 

QU.,t" 

>-t ~ 
DIITPUT 

lonlDKAII, 


VDO 

FIGURE 01'.,. s.,ment OutpuU FIGURE 41bl. A*m and $1_ Outpu.. 
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00 
52 functional' description
CO) 
II) 

:E 
:E 

·SELECTED 
DISPLAY MODE 

1,11", I)I\' ....V 

~l,"ulllk UI\I,I.1Y 

AlII'm Displ.v 

Slft~l) OI\III .. V 

(Conlin,,,,d) 

DIGIT NO. , DIGIT NO, 2 DIGIT NO. 3 OIGITND.4 

10', 1,1 HUlin" AM/PM Hunn 10'\ 01 Mlnilin Minut"-

UlinklM' Mlllutt·, 10', HI :~'n",k :iI",:,""', 
10's of Houri & AMIPM Hours 10', 01 Minutes Minul., 

Rlank"rl Blanked 10's of Minvte, """ .. 
-'II IIlllltl 1111111 HIll' .t"'III"V IllU.Ia'IIII""I'1•.{.j',lhlH'l. Ihlt ,II\IIIIIV IlrunlllU~,.II" III Ih...)uta, ... , Sf-II (UWI·'H..... 

,."",hn,.1, ""illll, ~; ... , .... I•. Ilu._llltI"II,,>I IIIIICh. , ..Ip, lcolli 

fAm F II. MMliJlI7AA. MMn:noa s.tUnq CO,:,tffll Function. 


'--~S-E-L-t~CT-E-D-----'-CON--T-A-O-L--r---------------- - --,-- -- ---­

DISPLAY MODE INPUT CONTRDL FUIt!CTION 


• fune 

Ala. In 

Ser:nncb 

Sluw Mmulct. Ad,,"nD! 011 I H" Rate 

, Fa,. MtiluleS Adv.nce .t 60 Hz Rate 


1I,olh Mmuh'\, "!.IV.IIK:" .11 00 ttl n,ll!' 


Slow 

F"u Alarm M.inutes Advance It 60 HI ~i1le 


Both AI,rm Ae.ef,",O 12:00AM (MidntPl) 02·Houf Format) 

Both AI.,m Aeseu 10 00:00 C24·Hour Form". 


Stow hlf)lll IU Entnl! TIAW Count" .s Inhibited IHoId) 

1 ..101 S.·t:oud......d 10'\ of Second\ Revt In Z ..ro WithouT 


tI Colli V 10 MlnUll'\ 

1t..If, IlIlwll'·"'hllll'JIJelnnAMIMlChIH,hIIJI']"'Hfll"IIIl.1 

Huth. 11,,11' If!Hets lulXI.lX),iN) (7" 114J"~ t 111""'111 

Slow Sub,rleU Count .t 2 Hz 

Fast Subtrac:u Count at 60 Hz 

BOlh SubirlCu Counl II 80 Ht 


·When selling time sleep minutes will decrement ., ,ate of time count.r, until the steep 

counter ,eaches C?O minutes (sIeep'counter will not .-.cycle). 


10 

I7VII' rct' PM 
VDD-' ./ H_"I 

. A OUTPUT
7 AM to....~ >--V- -- r- - ­

tt-
" 1 rf-:­

- .. ­ -

• 
I 

• 
lH, ,'HRllla, SUE' 

DISPLAY

" OUTPUT IDRAIIJ"VOLTAlE Inow Va Switch A mutt be Qlnged with Sleep displlY as mown, 

FIGURE 5. Typical Output Current FIGUR E 6. 24.IHour ()per""'n: 
Cb.rect..i,tia of MM5387AA. MM53108 10', of Hours Dilit Connections 
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____ 

typical applications 

f"isJ(lr,' u, a sd,.!l11ntu: diilYjUIl1 01 i' gelle1al pUtlxne alallH duck clfellit (12-huur I1HHJe) using the MM538JAA or 
MM~"-'08 and a 3 112·digit LED display. 

'fl 12-'1-'."· &~-.:'I'0 " . , COloa.- -; 

r-~-j-- -1 
z 'I.".... : 

1 1ft .. , I 
I "'J" I 
L_:.~ J 

FIGURE 7 
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Calculators I 

MM5734 8-function accumulating memory calculator 

general description 

Thf' Slll~lle'c:llip MM5734 cdlcul"IOI W,I\ d,'vt'lopl'clllSII1H 
.1 IHI'I,II.,.II., ,. t'tl,IIIIII'II"lh,IIH "'111'111,1111111"111,'111111 '111t11!­

MOSII ~;I 1('llll1ulo~IV willi .. p'lIlI,lIy 01111" I III l'lw "lui 

~rodu(;t cosC A compferc cdlculutor il~ shoWIi HI Figuft' , 
requires only the MM5734 calculator ChiP, In KY matrix 
k~yboa"I. an NSA 1198 0' NSA 1298 LED dISplay and a 
9V balle,y. 

Kcyho'il Ii dccodlll~1 ,lncl k(~V dchmmcc circUItry. all 
d\II'''~ ,lIul 11I1I111C1 !J1'1l1",It(H\. POW"IOII 1"11'.11, .lIul 7 
"cgl1lCIiI UUl~UL dl~pl .. y (h!l:I..H.JII'U .lIt' IIll:ludcd WI dllp. 

and require no external components. Segments and digits 

call usually be driven dlrectly hom the MM5734, as the 
segments tyolcally S(\lJl CP 8 mA of pC\lk current and the 
digit drivers ~lOk 20 mA IllIII 

Ll'.tdlll~J ICIO <,u !J!JI eS~lon ,tIld ,I floJtll1~ negative slqn 

.d!(IW cOIlVI'llll~1l1 H'ddmq of Ill(' dl<;pl"y and Corherve 

pow.,. til" MM!)/:V1 1\ \:.11'.11110' 01 "1~1I\1I111 •• IIIW "dlll'IY 

vulLHjl' .1I1t1 1I1(1t(:.lh!~ 111I~ Ily tll~pl.IYIlItI .I tll·clln,.1 pU1Il1 

III dl(111 {·llIhl. Up tu 8·dlnlls to! PlhIIIVI' Illll1ll)l'r~ ~lIld 7 
1111 IU'q.IIIV" 1111111111'1' ,',III I ... dl·.pltlVl'd. 'Nilh 1111' III·CI.IIIVI· 

"1~11l dl...pl,IYI'tllli lilt' Hlh po.. IIIOII. I VII.. ",II UIIII'tll,II,11I1 

of J (;ornplct~ cdlculalOl displuYlIlU ilvc "5'!." IS 25 mA. 

cflnnection diagram 

OU;lI-ln-Llne P.ck~ 

" O' 

" 01 

II "' 
" 
" o. Pin DescriPtion 

Tlw MM5734 IS CJp.lIJIc of ciccocling a kcyLJoard matrix 
.... ',hown "' F/Uilri' 1 Thlt~p posslhle lluHld...In! shown 
III I II/IJI(· :' , Ifllllf· ~'(I) dlu'.II.II,", ,I 1",'vlltI.ltd ..1:111.'1&11' 

wlue.:ll Iln.lude:. oJ! ti IUIll';UUII~ will, uilly lJ k.ey!! by 
using a function" key (F). 

features 

• 8 diGit, (7-negative). capacity 

• H 1IIIICIICllI<; (I, -. X. • X/. JX. lIX. 'X.) 

• COI'velm~IIL ,dyehlull: 11OIo6llUII 

• Fully protected accumulating memory M-) 

• Automatic constant independent of memory 

• Floiltll1g 1I1put/fioating output 

• Power"on clear­

• On"chlp oscillator· 

• Dlf(!cl 9V hattery compatihility 

• tJlfI'C: digit drive 01 LED dlsJ.)lay 

• low ("osl X Y kr'yhoilld IIM1ux 

• RcqUlrc~ 110 cKterno6l compOllCllls 

keyboard outline 

cs' %' O." 
x" u· OJ" 

Mo' M ' .. 01 

I/X· M.' M" " O' 

IIX X' O' 
KI K4 Keyho.lld Illpub 

x O'Il '00 	 IN1.IN2 Gener.)1 PUlpose Inputs 

OSC P. (I!I( .umniltlh! .Il; 
 - OJ 

E)Ctmn<)IOSClllill0r " 
" S. 01 09 DIYlt Outputs 	 + II> 

Sn·" S9 
lO S, 

" 
SOP 

Nt 
a 

" S, VOO 
VSS 

II 

.. ~" 

" 
vss 14 I!. +--INlI.-.____...J 

TO' VIEW 

Ord.r Number MMS734N 
S-Packqe23 

Segment Outputs C .,
Oecunal POint Segment Cf 

Output X' Kl X. XI 

General PUlpose Output "Double Function Key
-9 Volts 
OVol1S 
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functional description 
The MM5734 is d calculator cllIP which contains. fl'lIf! The MM5734 performs !he X ...nd 
data registers: (1) entry, {2} accumulator, (3) 2 working functtons uSlllg alyebralc not(JltOIl Thts requH~s thl:: use 
and (4) memory, each consisting of 8 digits. sign. and of a mode register and a termmate flay. The mode 
decimal point. The entry register is alway! displayed. It register directs the machine to the proper function (add, 
contains digit entries from the keyboard, and results of all subtract, multiply or divide) with each new key entry. 
functions except M+ and M-. The accumulator is used in After the function has been performed, the key entered 
all arittlmetic functions and stores a copy of the en try is used to modify the mode register 
register on all results. This allows another number to he 
entered without losing an intermediate result. Multiply 
and divide requires three registers to perform the function 
and save the divisor, or multiplier. The working register The terminate flag is set on ":" and sometimes on "%" 

and "C." This signifies the end of the problem. Tht!is provided to perform these functions in conjunction 
MM5734 allows for full floating entries and intermediatewith the entry and ~cumulator registers. A second 

working register is used to store the constant in chain results. 


operations while performing X2 or l/X. This allows 

,-=hain operation uSing X2, l/X and Vx. 


If tht' lermin,Hc Ilay is set, a "I," "-," "X" or "-:-" key 
The memory reginer is used only to store a number to be signals the beginning of a new problem. Thi: number 
used later. It is fully protecteo dwing all operati'1ns, being rlisplayed I!O copied into the accumulator register 
itllel 1!Io nilly muchfu." hy 111'1111".'.11111 a "MS." "MI." 01 .lIul ItH' !flodl' "'lIi .. 11'1 ;'..... 'H11f' .. thl! lIlode of Iho key 
"M "key. PUWI~t -UII dealS ... 11 01 the It:yu,tcl~ IIldudltly I:HIt:II:d. I he 11"1111111,11,: I1i1U I~ ,llwflY'" IU)III IJY IIIIl "I." 

the memory register, "-," "X" and ".;.." keys. 

. 

RErl" 
o. s, $, S. s~ s~ s., S, s, 0'"..1"\,,., S, 

" '.. I, ~ HSAlln" MIlIUM I" 'os 
------!! 11,-r '''!'''''''''''''''''''''''' 

UI 01 UJ 114 U:. UII 
ON UII· 

Ul U. .'\ I 

~ ~.... 
.,,,..... \

II.ns 

~ ~ ~ k 
~ ~ ~~ 

~ ~ 


~~ N N 

~~~~ 


~ ~ 

FIGURE tAo Complet. Calculator Schematic 

.. ., .,
h~'" ".,," ~." . 
N: .. .. ~~I ~ 

M- + ., ......1--"'*--"00+-.....:.-., 

FIGURE 11bl. Optional K*VS FIGURE He'. Optional K-vs 

644 



• •• 

OPERATION IN THE ADD AND SUBTRACT MODE 

.,
L......L-..L......L.....I 

, I I • 
5 03• • ­

I 3 + 
c .,
Cf • = 

FIGURE 2 

If the terminate flag is set. an "=" key will result in a 
" constant add/subtract. The number in the aC&Umulator 

will be added to (or subtracted from' the number being 
displayed. The result is right·justified and displayed in 
the entry register. Accumulator and mode registers are 
not altered. allowing for constant operations. 

If the terminate flag is not set and a number has been 
entered from the keyboard, or memory register, a "+." 
"-." "X,., or "+.' key will result in an addition or sub­
traction. The entry register will be added to or subtracled 

. 	from the accumulator and the new Tunning total will be 
displayid in the entry register and COpied into· the 
.:cumulator raul.tnr. Tho moc1n witl hn ;tltftrnfl acr.nulinu 
to which key is entered. 

If the terminate flag is not set, and a number has not 
been entered from the keyboard, or memory. , .,,+:­
"-." "X," ";" kc!V will only. chillHI': Itll! modo u!gister 
to thD new key entry. 

I·f lhe terminate flag is nol sel. an ..... key will add/ 
,uhttlN" th",ult"hpi hpillu tliflpIAv,.,lln/llfll1, lit.. 11111111111' 
ill lha dCCUfHuldtUI 'aUh,IIt" I I tel 1It II 1111111 hahlU "hph'Vltl! 

if transferred to the accumulator, and the result of the 
operation is displayed in the entry register, The terminate 
flag is set. conditioning the calculator for constant. add/ 
subtract operation. The number being displayed previo(Js 
to the ":" key is stored in the accumulatqr as the 
censtant. 

Operation of the "'l(," key in add/subtract mode. with 
the terminlte flag resel. will multiply Ih. accumulator 
by the last entrv. divide the result by loo:and display it 
in the entry register. The mode register remains as it 
was in the add/subtract mode. All of the above--is reo 
quired to perform the percent add on or discount 
problems. Depression of an ""," key after the "%'" key 
will either tax or discount the original number as a 
function of the mode register and the last entry, 

Operation of the "'l(," key in add/subtract mode. with 
the terminate flag set. will shift the decimal poinl of the 
number being displayed two places to the left and copy 
it into, the accumulator register. The mode is set to 
mUltiply and the terminate flag remains set. 
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o,ention in \he Multiply Mode 

If the terminlt. flag is set. an "." key will result in a 
constant multiply operation. The number being displayed 
is ;""ltiplied by tile constant stored in the accumulator 
register. The result is displayed in the entry register and 
the accumulator and mode registers are not Iitered. 
allowing for constant ope~ation. Repeated depressions of 
the ..... key can be used to raise a number to an integer 
power. i.e .• "C." "C." "5.2." "X." ...... "••" ".," 
computes 5.2". 

The constant in multiplication. IS well .. in addition. 
subtraction and division is the list numbe" entered. For 
the sequence: "C." "C." "3." "+." "4." "X." "2." 
"=" the constlnt multiplier for future problems is 2. 

If the terminate flag is not set, an "." key will signal 
the end 01 a problom. The number in the display will be 
multiplied by the contents of the accumulator, and the 
results will be displayed in the entry register. Tho number 
previously in the entry register is stored in the accumu­
lator register and the terminate flag is set. 

If the terininate flag is not set, and a number has been 
entered from the keyboard or memory register. a "+." 
"-," /IX" or "7" key will result in a multiplication. 
The number being displayed will be multiplied by the 
number residing in the accumulator register. The result 
will be copied into the accumulator and displayad in the 
entry register. The mode register'is updated IS a fUf'ction 
of the key depressed. 

Operation of the ..,," key while in multiply mode looks 
exactly the same as an ":" key except the decimal pcint 
uf Ihe "I"I~IIV I,. ,hifll1d Iwu positions 10 ,hit loft ,"",for.. 
the ~Itiplication takes place, 

Operation in the Divid. Mode 

If th(! It!rminalc flag i!i set, an ..~ .. key will fMUft in 
constant divide Olln,~ti()Il, The number being displayed 
is dividud bV rhl! C(JIISIlIllI stororl in ,hu accumulator 
register. The accumulator and mode registers are not 
At,.. pd Aliowil1Q fOI r;PlIo;I9f11 0IJP,aHonll;, npIMt"I..d rlp 
PUllt"UUlI! If' Illn "-" "elv wfll.ellIoull tu 1ltllGdllt,I.livlltlulilt 

bV the constant. Thus, it is poSSible to raise a number to 
a negative power using the sequence "C," "C," "1," 
"c,," ..No.... "~." "=." etc. 

If the terminate flag is not set. an ..... key will signal 
the end of a problem. The number in the Iccumulator 
register will be divided by the number being displayed. 
The result is transferred to the entry register and dis· 
played. The terminale flag is sel and the divisor is stored 
in the accumulator register. 

If the terminate flag is not set, a "+," "-," "Xl' or "+" 
key will result in a division. The number in the-accumu­
lator register will be \ divided by the number being 
displayed. The results are displayed in the entry register, 
and a copy of the result i'$ stored in the accumulator. The 
mode register is modi fied to reflect the latest key entry. 

Operation of the "'l(," key while in divide mode looks 
exactly the same as the "=" key, except the decimal 
pcint of the display is shifted two positions to the left 
before division takes place. 
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Electronic Telephone 

The Complete Electronic 
Telephone Circuit 
MC34010/11A - TA = -20· to +60·C, Case 711, 777 

TIla conventional transformer-driven telephone handset 
is undergoing major innovations. The bulky transformer is 
disappearing. So are many of its discrete components, 
including the familiar telephone bell. They are being 
replaced with integrated circuits that perform all the major 
handset functions simply, reliably and inexpensively ... 
functions such as 2-to-4 wire conversion, DTMF dialing, 
tone ringing, and a variety of related activities. 

The culmination of these capabilhies is tha Electronic 
Telephone Circuit, the MC3401 0/11 A. These IC's place all 
of the above mentioned functions on a single monolithic 
chili· 

These telephone circuits utilize advanced bipolar linear 
(l2L) technology and provide all tha necessary elements of 
a modem tone-dialing telephone. The MC3401 0 even incor­
porates an MPU interface circuit for the inclusion of auto­
matic dialing in tha final system. 

Hook Switch 
r----7 

I 
I 

I 
I 

Ring 

Features 
• 	 Provides All Basic Telephone Functions, IncludIng DTMF 

Dialer. Tone Ringer, Speech Network and line Vollage 
Regulator 

• 	 DTMF Generator Uses Low-Cost Ceramic Resonator with 
Accurate Frequency Synthesis Technique 

• 	 Tone Ringer Drives Piezoelectric Transducer and Satis­
fies EIA-470 Requirements 

• 	 Speech Network Prpvides Two-Four Wire Conversk>n 
with Adjustable Sidetone UtiliZIng an Electret Transmitter 

• 	 On-Chip Regulator Insures Stable Operatoon Over W,de 
Range of Loop Lengths 

• 	 12L Technology Provides Low t .4 Volt Operation and High 
Static Discharge Immunity 

• 	 MC34010P Provides Microprocessor Interface Port tor 
Automatic Dialing Features 
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Tone Ringers 

The MC34012 and MC34017 Tone Ringers are designed 
to replace the bulky bell assembly of a telephone, while 
providing the same function and perfonnance under a vari­
ety of conditions, The operational requirements spelled OUt 
by the FCC and the EIA, simply stated, are that a ringer 

MC34012 - T A = - 20° to + sooC, Case 626, 751 

"1 Cl
T. >-_,*""~=-._., 

C2 

circuit MUST function when a ringing signal is provided, and 
MUST NOT ring when othersignals (speech. dialingsignals. 
noise) are on the line, The MC34012 series and the 
MC34017 series were designed to meet those 
requirements, 

C3 

R3 C4 

I 
I 

~--- ---- _F~_;;;~~-fJ--___ J 


• 	 Complete Telephone Bell Replacement Circuit with 
Minimum External Components 

• 	 On-Chip Diode Bridge and Transient Protection 

• 	 Direct Drive for Piezoelectric Transducers 

• 	 Base Frequency Options - MC34012-1: 1,0 kHz 
MC34012-2: 2,0 kHz 
MC34012-3: 500 Hz 

MC34017 - TA = -20°10 +sooC, Case 626,751 

• 	 Push Pull Output Stage for Greater Output Power 
Capability (MC34017) 

• 	 Base Frequency Options - MC34017 -1: 1 ,0 kHz 
MC34017-2: 2.0 kHz 
MC34017-3: 500 Hz 

• 	 Input Impedance Signature Meels Bell and EIA 
Standards 

• 	 Rejects Rotary Diaf Transients 

QCA 
--------.,
N 	 I 


I 

I 

I 


i l 
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Linear Products 

DESCRIPTION 

1 ho f'C~ U200 IS a CMOS 1I,IUYlUlul! 

circuit for generating good quality 

speech from digital code with" a program­

mable bit rate, The circuit is primarily 

Intended lor applications in microproces­

sor controlled systems. where the 

speech code 1$ stored separately. 


ORDERING INFORMATION 

PCF8200 
CMOS Male/Female Speech 
Synthesizer 
Objective Speclflcstlon 

FEATURES 	 PIN CONFIGURATION 

• Male 	and female epe.ch with 
good quality 

• Speech-band from 0 to 5kHz 
• 	Bit rale between 455 blte/second 

and 454S blt,s/aecond 

• Programmable frame durallon 
• Programmable apeaklng apeed 

• CMOS technology 
• 	Operating lemperalure range -40 

10 +8S"C 

• Single 5V 	 .upply with low pow.r 
consumption and pow.r-down 
sland-by mode 

• 	 Inlerl.ce.....Iy wfth moat 
popul.r mlcrocomput.rs and 
mlcroproce.sors through I-bit 
parall.1 bua or rOc bua 

• 	Software r.adabl. atatua word 
(parallef bus or I'C bua) 

• BUSY -slgnar 	and REON-algnal 
hardware r.adabl. 

• 	 Inlernal row-p... fllt.r and II-bit 
01A convert.r 

APPLICA TrONS 
• Telecommunlcatlona 

• Video games 
• Aids lor the handicapped 

• Industrial control equipment 

• Automotive 
• Irrigation systems 

r---- DESC__R_IPT__IO_N________+-T_E_M_P_E_R_A_T_UR_E__R_A_N_G_E-+__________~ 
124-Pln Plasllc DIP (SOT-lOlA) -40'C to ~05'C, _________••._---''-____-'-__L.________________--'-____________-' 
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FEATURES 
• 	 TIMING FROM MICROSECONDS 

THROUGH HOURS 
• 	 OPERATES IN BOTH ASTABLE 'AND 

MONOSTABLE MODES 
• ADJUST ABLE DUTY CYCLE 
• 	 HIGH CURRENT OUTPUT CAN SOURCE 

OR SWlK200mA 
• OUTPUT CAN DRIVE TTL 
• 	 TEMPERATURE STABILITY OF 0._ 

PER"C 
• NORMALLY ON AND NORMALLY OFF 

OUTPUT ' 

APPLICATIONS 
PRECISION TIMING 
PULSE GENERATION 
SEQUEN11AL TIMING 
TIME DELAY GENERATION 
PULSE WIDTH MODULATION 
PULSE POSITION MODULATION 
MlSSWIG PULSE DETECTOR 

EQUIVALENT CIRCUIT 

PIN CONFIGURATION 

FPACKAOE 

ABSOLUTE MAXIMUM RATINGS 
S~oIIlIge 

+18V 
NE555 +18V 

-Diooipdon 800mW 
~NE T__ 

N'El5s O'C II> +7O'C 
SE555 -ssoc II> +125"C
~T__ 

-M'C to +1!!O'Ct.e":"'__ 
(~.80_) +3OO"C 

IEIIH. T. Y'NHIII-F. T. V 

TPACKAGE 

YPACKAGE 

TO"G~." I I O.SCMA"Cl1"OOUNOo'-« 

Ou'''ul J • '""(s,,,o<o 

'U_SI1 • • COIiII","Ol 

Vl")l,,o.Gf 


BLOCK DIAGRAM 
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FEATURES 
• 	 TIMING FROM MICROSECONDS TO 

HOURS 
• REPLACES TWO 115 TIMERS 
• 	 OPERATES IN BOTH ASTABLE. 

MONOSTAaLE, TIME DELAY MODES 
• HIGH OUTPUT CURRENT 
• ADJUSTABLE DUTY CYCLE 
• TTL COMPAnaLE 
• 	 TEMPERATURE STABIUTY OF 0.005% 

PER"C 

ABSOLUTE MAXIMUM RATIONS 
sum~ollllge +18V 

NE556 +16V 
Power OIooipalion 600rnW 
O~aling Temperature 

N~56 

APPLICATIONS 
PRECISION TIMING 
SEQUENTIAL TIMING 
PULSE SHAPING 
PULSE GENERATOR 
MISSING PULSE DETECTOR 
TONE BURST GENERATOR 
~ULSE WIOl1I MODULATION 
TIlliE DELAY GENERATOR 
FREQUENCY DMSION 
INDUSTRIAL CONTROLS 
PULSE POSITION MODULATION 
APPLIANCE TIMING 
TRAFFIC LIGHT CONTROL 
TOUCH TONE ENCODER 

_55~":O+~~ BLOCK DIAGRAM 
SE556C -55'C 10 +125'C 
SE556 

PIN CONFIGURATION 
A PACKAGE 

Storage Temperature 	 r-------------~------------~.«
-65"C 10 +15O"CLe~'':.mperature • 

(_"11,60 sec) +3OO"C 

EQUIVALENT ClHCUIT (SI'IOWN FOR ONE CIRCUIT ONLY) 
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Three Terminal Positive Regulators 

SG7800AI7800ACI7800/7800c/140/240/340 

DESCRIPTION 

The SG7800Al7800/140 series 01 posiliv. regulators oller self 
contained, fixed-voltage capability with up to 15 amps 01 load cur­
rent and input voltages up to 50 IIOlts. (SG7800A serl8S only) 

These units feature a unique on-chip trimming system to set the 

~~'%=S~~:~~~~;;~'=':1~: :7=800-=ri 
series. The SG7800A versiOns also oller much Improved line and 
!oed reguiation charactenstics. 

All protective featurtSs of thermal shutdown. current limiting. and 
safe-area control have been designed into these units and since 
these regulators require only a small output capaCitor for satisfac- 1----------------------1 
Iofy perfonnarn;e, ease 01 application is assured. 

Although designed as fixed-voltage regulators. the output voltage 
can be increased through the uoa 01 a SllllPIa voltage divider. The 
low qui9SC8nl drain curren' 01 the devtce- InlUres good regulatIOn 
when thiS method is used. 

Product is available in hermetically _led TO-3, To-39 and TO-66 
power packages as wall as the plastic T0-22O package. 

SIMPLIFIED SCHEMATIC 

"""""" CONNECTION DIAGRAMS TOP VtEWS 

FEATURES 

• OuipulYolUg.... fnternllllyto ±1.5'%onSG7800A 

• Input voltage reng. to 50 volt. max. on SG7800A 

• Two vol! input-output dillerential 

• Excellen' line and 10Id regulation 
• Foldbeck current limiting 
• The""., ovorIood protection 

• 	 VoltogM ...lIabie _ 5V, 6V, av, 12V, 15V, 18V. 
2OV. 24V 

ABSOLUTE MAXIMUM RATINGS 

Device 
Output 
VOH. 

5V 
6V 
8V 

12V 
1SV 
lev 

20V 

24V 

_ _ Input V...,..
Input 

Input v-. (Output . ­v ....... 
(_r.llng) (_I" to grounel) 

35V 5IJII 35V 
35V SOY 35V 
35V SOY 35V 
35V SOY 35V 
35V SOY 35V 
35V 5IJII 35V 
35V 5IJII 35V 
40V SOY 35V 
• see note next page 

Opomtng Junc:tlon T--''' FIongo 
5G7IOOAI7IIOO"40 -ss-c to +1WC 
SG240 ere to +1SO'"C 
5G71OOAC/71GOC1340 O"C to + I 25"(; 

~T.........,.... A._ -ere to +15CrC 
Typk:el_~C_Ic. 

2S·CC... 
RatodPowor 

25'C_ 
Rated Pa-

DesIgn Currenl 

Therm. RaIl. 	 9JC ('CIW) 
9JA('CIW) 

'JlONTVIEW 

1 - IftPIoIl 

2 - Output 

3 - GrtMtftdTab - G,__ 

20W 15W 1SW m 

4.3W 3.OW 2.OW I.OW 

t SA I.SA 1.OA O.SA 

3.0 5.0 3.0 IS 
35 40 60 120 

CHIP LAYOUT 
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. Three Terminal Positive Regulators· 
SG7800A/7800AC/7800/780OC/140/240/340 

CHARACTERISTIC CuRVES 

PEAK OUTPUT CURRENl ."•. IHPUT.()CJTPUT OtFFERENTIAl MINIMUM INPUT~Ul1'UT VOLTAOE ft. LOAD CURRENT 

-1 

... ft,.'''"''' Qnty 

"~.--.. 

loed Cunwnt • Amp. 

RIPPLE A£JECTlOH va.. FREQUENCY 

..~ --I
'J 

-M 

Frequency· Hef1z Junction Tempw8tUN - ..c 

Note: Operation at hIgh Input voltages IS dependent upon lOad current When IoaO current IS tess than 5 mA. output will nse out 01 regula­
tIOn as Input-output d,tt.renhal tncreases beyond 30 voltS Note also from curve above. that ma..umum lOad current IS reduced at high volt­
ages The 50 volt Input ra,JOg of the SG7800A senes r.r.rs 10 ability to wtthsland h.gh line Of tranSient condlttOnS WIthout damage Sinee 
the regulato( 5 maximum current capabdlfy .s reduced, the output may fall out 01 regulatIOn al high Input \'01la1]85 under nominal loadIng 

APPLICATIONS 

FIXED OUTPUT REGULATOR CIRCUIT FOR INCREASING OUTPUT VOLTAGE 

, IGnu'W~' 
1 

,u •• T-" 
"tlWClII(ASI"'IG V"lUI O. ou'""r C....,. ...CITOII 

'_IlOV(s nSf(. HIANSltNl JlESI'OOotSf 


"'fOUIJlfO ONLY " "fGU~A'O" IS ~OC,,1(O " .. 

...IIIC.Aa",f DlSTACI 'flOII"OwfllSU"l" "l '11'1 


AOJUSTABLE OUTPUT REGULATOR, 7 10 30 VOLTS 
HIGH OUTPUT CURRENT, SHORT CIRCUIT PROTECTEO 
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3 Amp, 5 Volt Positive Regulator 

SG123/SG223/SG323 
DlKription 
The 00123 IS a three terminal, three amp, fi..... volt 
relulator similar to the LM123 but with a special low 
voltage zener Instead of the band lap reference. The SG123 
has superior load regulation, lower input·output different.al 
mmimums, lower qUiescent current, and better temperature 
coefficient. The Circuit IS speCified identically to the 
LM 123 and IS pin for pm compatible with that device. 
The SG123 uses special processing techniques to achieve 
reliable operation at high temperatures and hilh current 
levels for extended peflods of time. 

The SGl23 has been deSigned for ease of operation as well 
as performance. It IS completely Internally phase 
compensated. and requires no external capacitors unless 
used with long lead lengths or high speed trani!tlents. 
The device is protected by thermal shutdown, standard 
current IImitlne, and an Instantaneous power limitinl 
CIrCUit senSitive to high input voltages. In additton, the 
power transIstor is an upgrade of prevIous three terminal 
deSigns and is unusually runed. 

OperatIon IS guarant'eed over the Junction temperature 
range of 55°C to -I- lS0cC. The SG223 is a similar 
deVIce guaranteed to operate from - 25°C to + 150°C. 
The SG323 IS guaranteed over the junction temperature 
range of QaC to ' 12SoC. 

CONNECTION DIAGRAM CHIP LAYOUT 

TOP VIEW 
K~P'Ck.g. 

TO-3 

Eltetrical Characteristiel (Note 1) 

PARAMETER CONDITIONS 

T ~ 25°C 
Output Voltale 

V '" 7.5V. I = 0 

7.5V < V < lSY 
Output VoIt'lI o < 1< 3A;-P < 30W 

T _ 25°C 
Line Regulahon (Note 2) 7.5V < V < lSV 

T = 25'C. V ~ 7.5V 
load Relulahon (Note 2) 0<1<3A 

7.5V < V < 15V,
QUIescent Curr.nt 0< 1<:3A 

T = 25°C 
Short Circuit Current limit V = 15V 

Y = 7.5Y 


Lonl Term Stability 


Thermal ReSistance Junction 

to Case (Notf' 3) 


features 
• 3A Output Current. 
• Full Intern.1 Protection 
• 7.0 V Minimum Input Voltale, Typical 
• Zener Reference for Top Performance 

scHE.... ne 

Absolut. Muimum R.tinp 

Input Voltage 20V 
Power DiSSipation Internally Limited 
Operating Junction Temperature Ranee 

SGl23 -SSoC to +150°C 
SG223 - 25°C to + ISO°C 
SG323 O°C to + 125°C 

Storage Temperature Ranle - 65°C to .. IS0°C 
lead Temperature (Soldeflng, 10 sec) 300°C 

SG123,SG223 SG323 

UNITS 


MIN TYP MAX MIN TYP MAX 

4.7 5 5.3 4.8 5 5.2 V 

4.6 5.4 4.75 5.25 V 

5 25 5 ' 25 mV 
II 

25 100 25 100 mV 

12 20 12 20 mA 

3 5.0 3 5.0 A 
4 5.5 4 5.5 A 

35 35 mY 

2 2 °C/W 

Note 1: Unless otherWise noted, speclflC.tlons apply for 55 C'C < T < -+ 1S0' C for the SG123. 2S"C ~ T ~ ~ ISO C 
for the SG223, and 0 - < T <: ,125 C tor the SGl23 Specifications apply tor P < lOW. 

Note 2: load and line regulation are specified With hllh speed tests In order to separate their effects from temperature 
coeffiCient Pulse testtnlls required With a pulse width < 1 m 5 and a duty cycle < 5% 

..... 3: The lunctlon to amblen~ thermal resistance o-f the TO-3 paella.. ,s about 35°C W 
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General-Purpose Positive Regulator 

SG723/723C 

This regulator is designed for use with either positive or negative 
supplies as a series, shunt, switching, or floating regulator with currents 
up to 150mA. Higher current requirements may be accommodated 
through the use of externll NPN or PNP power transistorL 

• POlitive or .....tiv. supply operation 
• 0.03% Ii.,. and load 'quletion 
• Output adjUltab" from 2 to :rrV 
• Low rtandby cu,rent drain 

• O.oo2%f'c ave'. tamperatur. v.tatton 

PARAMETERS 723' 723C' UNITS 

Operating Temperature Range -5510 +125 oto +70 OC 

PeekllOlTVpel T-, J T·,J,N ­
Input Voh. R.nge 9.5 to 50 9.5 to 50 V 

Output Volt.,. Ringe 2.0 to 37 2.0 to 37 V 

Input/Output Differential 3.0 to 38 3.010 38 V 

Load R t9J lat Ion2 .3 O. t5 0.2 %V""t 
Ltne Regulation Vrn'" 12 to 40V 0.2 0.5 "'Vout 
RIpple Rejection C,ef" 5~F; f '" SOHz 10 10KHz 86ltyp) 86 (ll/p) dB 

Reference Voltage 6.95 - 7.35 6.80 - 1.50 V 

Temperature Stability oms ~OIS %/OC 

Output Noise Voltage Cr f '" 0; BW '" 100Hz to 10KHz 20ltyp) 201tvp) jJV rms 

St8ndby Current Drain 3.5 4.0 rnA 

Minimum Loltd Current 0 0 rnA 

Long Term Stability O.t Ityp) O.t Ityp) %/khr 

Iparameters apply at TA '" "2SOC. e)(cept temperature stability II over temperalure ranges. 

2 Applies for constant lunctlon temperature. Temperature dt,f' effects must be taken Into account separately 

when the unll IS o.,.rallng under conditions of high dlulpatlon. 


J IL '" 1 to 50 rnA. 

'T·pack.age 'I TO'96 (can h.'lIht 240" maM., 231)' min.) 

.' VI .. :~: •••::'="" .. .. 1lt'.­............... ., :~. : 
. - .. 
!:..... ~ ;lA' 

a.,le High Voltage RegulatorHigh Cu,,~t ....... I.tOr 

Vout • 7 to 37 vol ..Ext..na' NPN Tran,l,tor 

IL - 14 

CONNECTION DIAGRAMS ..~~ .. -............. ., .....~~ ~~0<"' 
. . .. ~c ( '~\ ,,?,,,c::y/i) ~~VU''''1l .... r" - ::.. 

~. \I:,:;~~~,.' .::III1G .-.,....... 
~' 
filii CO-' i ' ~::I" 

C,",HIIT anlc Low Volta.,., 
"egu'atort·; ~~;,~(lI' Vout - 2 to 7 '%lts 

'I j') lie 
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LM117/LM217/LM317 3-Terminal Adjustable Regulator 
General Description 
The LMl17/LM21i/LM317 are adjunable 3 terminal 
pO!loitiv~ voltage regulators capable of supplYing in exceS5 
of 1.5A over a 1.2V to 37V output range. They .re 
exceptionally easy to use and require only two external 
reSistors to set the output voltage. Furth~r. both line 
and ~oad f~gulation are tJett~f than standard fixed regula 
:ors. AI500. the LM117 IS packaged in standard transis.tor 
packa'~t's which are eastly mounted and handled. 

In ctddltion to higher performance than fixed regulators. 
the LM117 series offers full overload protection 
available only in IC's. Included on the chip are current 
limit. thermal o"erioad protection· and 'safe area protec­
tion. All overload protection circuitry remains fully 
functional even if the adjustment terminal is 
dISCUllllCt.:tcd. 

Features 
• Adju\{.,hlo output duwn to 1.2V 

• :'udrdI1ft'ed 1.SA output current 

• Lint: ICYlIldtion typically O.Ol%N 
• LUd..J luuulut:ol1 tvpicully 0.1% 

• Current limit constant with temperature 

• 100% electrical burn-in 

• Ellfninates the need to stock many voltages 

• Standard 3·lead transistor package 

• 80 dB npplc rejection 

Normdlly, no capacitors are needed unless the device is 
sr·,udted tdl from the input filter capacitors in which 
case an mput bypass IS needed, An optional output 
cdpaCItOf can be added to improve transient response. 
The adjustment terminal can be bypassed to achieve 
vefy hl9h ripple rejechons ratios wh,eh are dlffieult 
to dchleve with standard 3-terminal regulators. 

Connect/on Diagrams 

(TO·3 STEELI 
M_c.n_oc' 

Besides replacing fixeJ regulators, the LM117 is useful 
in a wide variety of other applicaticn i. SInce the regu­
lator is "floating" and see' only tn input·to-output 
differential voltage, supplies of seVt!1 at hundred vott. 
can IJe regulated as long dS the r:l. ximum Input to 

outf)Ul differential is not exceeoed. 

Also, it makes an especially simple ad ustable switching 
I~guldtor. a programmable output egulator, or by 
connecting a fixed resistor between th ~ adjustment and 
output, the LM 117 can be used as d precision current 
regulator. Supplies with electronic s \utdown can be 
achieved by clamping the adjustment t, rminal to ground 
which programs the output to 1.2V vhere mQst loads 
draw little current. 

Tho LM 117K. LM217K and LM317K ar. pilCkaged In 

standard TO·3 tranSIStor packages w~ ile the LM117H, 
LM217H and LMJ17H are packaged in • solid Kovar 
h",e TO·39tran,iSlor package. The L~1117 is ratod for 
upel"tlon l'OIn 55"C 10 "50"C, 'he LM217 froln 
-25v C to +l50v C and the LMJ17 frort OVC to +125v C. 
The LM317T and LM317MP. rated fo operation oYer a 
O"C to I 125"C rU"IlO. or. availabl. in a TO·220 pla'tlc 
pack"go and a TO·202 package. respect Yely. 

For applications requiring greater 0 Jtput current in 
excess of 3A and 5A. see LM150 ,,·r'o and LM138 
series data sheets. respectively. F or ttl· !.egative comple· 
menl. lee LM 137 series data sheet 

RATED DESIGN 

DEVICE PACKAGE POWER LOAD 
DISSIPATlO" CURRENT 

LMl17 TO·J 20W 15A 
LM217 

TO·J9 2W 0.5AlMJ17 
UAJ17T TonO 15W \.5A 
I MJt7M TO 202 1.5W ~bA 

ITO·2201 

Ptootlc Poclcoto 


ADJt"'OMf'0 I. 
I I 

tl l("o OlT'UT 

"nOltvtf'" 

OnIoPNu_' 

LM1171C ST£El 

LM217K STEEL 

LM317KSTEH 

~ , .... K02A 

~:,.., 
o~ 

: -YOUT\J.-.ur,u, , 
CUf IS au""," (-.--~-. -; 

lona. ¥ft'" 


OItIo<Nu~: 

~117H 

LM217H 

LM317H ADJ_ _w..


800 p...._ H03A. 

v,v, 

Ord.r NumIM,: 

lM317T 


SOOP....... T038
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.c.AI_ __v", 

L y... 

''''.''1U''' 
OnIoPNu_: 


lM317MP
800'...... _ 
TIIb ""'- DeY_ 

LM317MP TB ........- ....~~ 
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SG3524 
SMPS Control Circuit 
• 
Product Specification 

Unear Products 

DESCRIPTION FEATURES 
This mono~oc integrated circuit con­ • Complete PWM power control 
tains all the control circUitry for a regUlat­ circuitry 
ing power supply inverter or switching • SIngle ended or puall-putl
regulator. Included in a 16-pln dual-in­ outputs 
line package is the voltage reference. • Une and load reguleUon of 0.2% 
error amplifier. oscillator. pul8&-width .,% maximum temperaturemodulator, pulse steering ftip-flop. dual 

vartatlonalternating output sw~ehe8 end current­
limiting and shut-down Cll'cuitry. ThiS de­ • T olal eupply current fa Ieaa than 

vice can be used for switching regulators lOrnA 

of either polarity, transformer-coupled • Operation beyond 100kHz 

DC-to-DC converters, transformedess 

voltage doublers and polarity converters, 

as well as other power control applica­

tions. The 003524 is designed for com­

mercial lIjlplieations of O'C to + 70·C. 


ORDERING INFORMATION 

DESCRIPTION TEMPERAT1JR£ RANGE 0fID£R COO! 

16-Pin Plastic DIP o to +70'C SG3524N 

,6-Pin CerdIp o to +70-<; SG3524F 

16-Pin SOl o to +7O"C SG35240 

BLOCK DIAGRAM 

PIN CONFIGURATION 

D', F, N,"-­

658 



----

Standard Digital BUS-Interfaces 

Communication between a computer and a peripheral may be 

a) Simplex where information can be transmitted in one direction only, e.g. 

computer to (non-intelligent) printer, keyboard to computer. 

b) Half duplex where information may be transmitted in both directions but 

in only one direction at a time, e.g. IEEE 488 bus 

c) Fun duplex where information may be transmitted in both directions 

simultaneously, e.g. VDU. 


It is now a universal standard to transmit computer data in bytes comprising 
a seven-bit ASCII code with the eighth bit as a parity test. The data byte 
may be transmitted ill paraDel, when all eight bits are transmitted on eight 
separate transmission lines, or serially when the data bits are transmitted 

Parallel and separately, in a serial sequence, down a single transmission line 
serial transmission of In bOth cases the data may be transmitted with synchronous clock pulses 
the data byte (synchronous transmissiou). Additional lines for hand,shaking 

A6 ~ 10100110 may also be present. 

Ltne 7 

Ltne6 ____-"O____....... 


Line 5 

Lme4----..:.0----........ 

Receiver 


L,neJ----..:.O----..... 


Line 2 

Line 1 

TransmitterUneO ____..:.O____..... 

.. IStart bit 

10) PARALLEL " ......_ (b) SERIAL 

Parallel transmission has the advantage of speed (about eight times faster 
than serial transmission). However, it requires eight times as many transmit­
ting and receiving circuits, at increased cost, which are also prone to 
cross-talk and have poor noise immunity. Parallel transmission is usually 
limited to cases where the transmitter and receiver are situated close to each 
other, resulting in connecting cable lengths of 20 m or less. 

Serial transmission is used for long-range (20 m to many kilometres) 
communications where the cost of multiple data transmission lines would be 
high, and where facilities for multiple lines may not even exist (e.g. tele­
phone lines). The use of a single transmission line can allow circuits with 
good noise immunity properties to be used at an overall economic cost. 

To allow different peripherals to be interfaced to different computing 
systems, with minimal hardware and software effort. standard interfacing 
systems have been developed. Of these the IEEE 488 (GPIB) bus (parallel 
transmission) and the RS 232C (serial transmission) are now ""Universally 
recognised standards. 
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IEEE 488 (GPm) B.. 

The standards for this bus were set by the Institute of Electrical and 
Ekclr<>nic:; Engineers (USA) in October 1975 (IEEE document number 
ANSI Me 1.1, 1975) and accepted as an international standard in 1980. 

Fig. ( IEEE 488 bus This Interface is also. known as the HP-IB (Hewlett Packard Interface 

structure Bus) and, more recently, as the GPm (General Purpose Interface Bus). 


Connector Function AbbrevltJ(Ion 
pm 

6 Data ValW::l OAV .'IlL 

Not Readv For Data NAFO ~ 
Not Data ACcp.pted NDAC ~1-' r 

End Or Identify EOI 

9 InterFace Clear IFe 

10 Ser..'lce ReQues1 SROI ATtentIoN ATN11
I 17 Remote ENable REN 
 Ii 
r 

[6~~T~LLER 
IIlcom-, 

Device 1 
Lonly able to talk I only able to listen able to talk aod listen 

I I I DevICe 2 I 

f;Dev<ce 3,1 
(e.g counter) I (e.g. digItal multlmeter) 

I 
0101I ·'''·Ir~"cJ 
0102 
DI03 

Data Input/Output g~g: Data 
DATA BUS )1•

3 busIk]: 
14 DI06 
15 0107 

~--~. 16 0108 

The IEEE 488 bus is primarily designed for connecting instrumentation to 
a central controller (usually a computer) for purposes of creating fully 
automated/data-logging measurement systems. At present some 220 differ­
ent manufacturers produce equipment which is either partially or wholly 
IEEE 488 bus c:ompatible. 

The basic bus structure is shown in fig. &:; Devices connected to the bus 
may be 

a) A controller 
b) A talker only 
c) A listener only 
d) A talker and a listener. 

The coDtroUer is responsible for the overall operation of the system by 
is~uing the appropriate commands to other devices on the bus. As might be 
expected any system may only have one controller, which is usually a 
minicomputer with data-recording facilities. A talker only is a peripheral 
which can only transmit information (e.g. a frequency counter), whilst a 
listener oDly can only receive information (e.g. a signal generator). A talker 
and listener can both transmit and receive information (e.g. a digital 
multimeter). During operation, the controller will dictate whether a given 
device is a talker. listener or is idle (disconnected from the bus>. 
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\- "',", lI,h) ft'rT,dU' i-'rld 01 so. ~.'; 
o'llll,el1 r;. o:;,ln,jdf III 11." '>()I."'O'\ UI' 

"tI lf1o:;trQnl('nt''!!o rt'iH ~aflf'1 

),1:<1 "','ti! Output 1 
II" ,nillli f)'.'!PII':-' 

DJld IIJPut lIutl'ut.) 
~-),'ta rnpUI Oulpur.1 

!. 'Iff Q< ,elPn'''\ ­
: :d!d .... ,,: ,d 

'.,,1 fl'd(h '(lI ,Lnd 
',., Ii !lJI,j ",r ,epll!d 

11,1pdd<.-" 1 ;"Jf 

"'ef\ I{ t' f'" plf'~l 
!1.11""!d)rl 

()lUi 

, )IO~ 

I)IUJ 
[jIO·l 

:01 
DhV 
r'\IRf-f) 
i"j{)AC 

SAO 
AT" 

I

L® 


DIO!.. 
(;106 
Ot07 
0108 
REN 
GND6 
GN07 
GNDP 
() r..j 09 
GND10 
GN011 

[;"t" l/lllt:! Il,IHJL,1 ~ 

Odt<1 .npul uulpul G 
Doln ,np\1t ('ll1pul 7 
D(:Ila Input output tI 

I
Rerno't:' enable 

G,ound '"tu'm 
for f"n~ 6 11 

GPIB Connector Signal Descriptions 

Description 

lines 0101 through 0108 are used to transfer addresses. control Information and data The 
form31s for addresses and control bytes are defined by the IEEE 488 standard Data formats 
may be ASCII (Wlt~, or without panty) or binary 0101 IS the Least Significant Bit (bit 0). 

Adellfll:m. This Signal IS asserted by the Controller to indicate that It IS placing an address or 
control byte on the Data Bus AT" IS de-asserted to allow the assigned Talker to place status or 
data on tne Data Bus The Cont'oller reCjalns control by reasserting ATN 

End or Idenlfly T IllS Signal has two uses i1S Its name Implies A talker may assert EOI 
Simultaneously With th~ last byte ot data to Indlcale end 01 data The Controller may assert EOI 
along With ATN to initiate a Pari!Ii,'1 Poll 

Selvlc" Re'l"est. This line IS ilKe an Interrupt II may be asserted by any deVice to request t"e 
Controller to take some action The Controller must aC\("mlne which deVice IS asserting SRO 
by conducting a Serral Poll at lis e''';'bt opportunity 

Interlace Clear Tnls Signal IS dsserteel only by Ihe Syslen, Controller In order to Initialize ail 
• deVice Interfaces to a known Slale 

Remote Enable ThiS Signal IS asserted only by the Syslem Controller Its assertion does not 
place deVices Into Remote Contro; mode. HEN only enables a deVice to go remote wnen 
addressed to listen 

Not Ready For Data ThiS handshake line IS asserted by a I,stene' to indicate It IS not yet ready 
for the next data or control byte 

Not Data Accepted Tnls handsn",e I",e IS asscrtpd by a Listener to Ind'cate It has not yet 
accepted the data or control byte on tne 010 lines 

Dafa Valid. ThiS handshake line IS aSSerted bv the T dlKer to Indicate that a data or control byte 
has been placed on the 010 lines and has had IIH' minimum speclfted settling lime. 
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EIA RS 232C Serial Interface 

The Electronics Industry Association (EIA) RS 232C interface standard 
allows for two full duplex data channels transmitting serial data. either 
synchronously or asynchronously, with or without handshake. The R~ 232C 
(versions A and B are now obsolete) signal levels are shown in fig ..a b· from 
which it should be noted that the binary 0 (also called a Space or ON 

condition) is more positive than the binary 1 (also called the Mark or OFf· 

condition). This can present problems when interfacing RS 232C to TIL (a 
common requirement) since not only is there a considerable difference 
between the two signal voltage levels but the signal logic is inverted as well. 

Connection between RS 232C devices is via a standard 25-pin connector 
(Cinch or Cannon chassis-mount. female-type D8-25S1 illustrated inti!!. C 
which also lists the pin connections. Unlike the IEEE 488 hus. the RS 232(' 
interface is designed for connection between two devices only-usually a 
computer and a peripheral. Consequently if a computer wishes to communi­
cate with more than one peripheral, a separate RS 232C interface must be 
provided for each peripheral. In addition. all RS 232C lines. unlike the 
IEEE 488 bus. are unidirectional. transfering data in one direction only. a 
factor which greatly simplifies both the hardware and software control of the 
interface. 

Rarely is the full RS 232C standard implemented. with the majority of 
systems requiring only a subset of the electrical circuits. This has led to a 
re-defining of the RS 232C interface in terms of subsets called Level I. 
Level II and Level III which are defined as: 

LEVEL I Pin 2 
Pin 3 

Transmitted Data} 
Received Data 

Ch I 
anne 

Pin 7 Logical Ground 
Pin 1 Protective Ground 

LEVEL II Level 1+ 
Pin 6 Data Set Ready 
Pin 8 Data Carrier Detect 
Pin 20 Data Terminal Ready 

LEVEL III Level 11+ 
Pin 4 Request to Send} 
Pin 5 Clear to Send 

Ch I 
" anne 

Pin 22 Ring Indicator 

Level I is normally used with equipment tied directly to eaeh other. such as 
a terminal or a printer connected directly to a computer. Level 1\ is normally 
used where a certain amount of handshaking is required. and is most often 
encountered in acoustic couplers (for transmission over a normal GPO 
telephone line. etc). Level 111 is used where a more precise and detailed 
control over data flow is required. such as in auto-answer modems. As such. 
Level III implementation may be considered as reserved for specialist 
equipment. 
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+25V~------. 

Binory 0 l'in.,yO 

SPACESPACE 
OFFOFF 

t'V.noise immunity 
+3V 

. Indeterminate 
region 

"-"" -3V 

12 V noise Immunitv 

Binary 1Binary 1 
MARKMARK 
ONON 

Fig. (c) EIA RS 232C 
interface pin assign­ i.1 T'......ittof 

ments 

Circuit 

Pin number MnernOi',iC Description 13 


• • • • • • • • • • • • -OB-25Scor1 AA Protective GroundI 14 252 BA Transmitted Data 

3 BB Received Data 

4 CA Request to Send CHANNEL 1 

5 CB Clear to Send 

6 CC Data Set Ready 

7 AB Logical Ground 

8 CF Data Carrier Detect 

9 


} Reserved for testing
10 111 Unassigned

12 SCF Received Une Signal Detector C 2 

13 SCB Clear to Send HANNEl 


14 SBA Transmitted Data 

15 DB Transmitter Signal Element Timing 

16 SBB Received Data CHANNEL 2 

17 DO Receiver Signal Element Timing 

18 Unassigned 1 

19 SCA Request to Send f" CHANNEL 2 

20 CD Data Terminal Ready 

21 CG Signal Quality Detector 

22 CE Ring Indicator 

23 CHiCI Data Signal Rate Select 

24 DA Transmit Signal Element Timing 

25 Unassigned 
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as-232C 
DATA COMMUNICATIONS 

EIA Standard RS·232C is an established spec;ifiation Employing a voltage-mode type driver. RS·232C 
defining the logic levels and impedances at the modeml requires dUll polarity logic ,ignl15 and power supplies. 
terminal interface. This has been • well-accepted stan­ The data is unidirectional and not conclusive to party­
dard for low dati-rate systems. Maximum data rate is line operation. Hysteresis is generally emploved in 
about 20 kilobaud. RS-232C receivers and a single power supply is required 

at the receiver end. Termination is not required. 

+Sl10+12V 
+5.0 V 

10 81_ 

T 
rete 

C:Of'Itroi 

c=­c=­~ b 
•• tD -12 V 

EIA RS·232C 

Driver OutpUt Volt. 15 V < VOH C; 5.0 V 


IZ -3Ulto7kOl -5.0V~VOI ~-15V 


Driver OutpUt Voltage IVQI<25V 

IZl· -I 


Driver Output Impedance zo> 300n 

IPower SuQp'les • 01 


Driver Short.circuit Current IIOk 0.5 emp 


Driver Slew Rite ~<30VJIJ.S 
Receiver Input I~nce 7 kil > R· >3 kG 


Receiver Input Voltage Iv,1<25V 

Rec.eiwr O\J1PUt with Open Input _klhighl 


Receiver OutpUt ",oj.., 300 n to'Gnd of Input M ... k (hiGhI 


Receiver Output with +3,0 V on Input ScMce flow' 


Receive.' OutPut with -3.0 V on Input t,b,k (high) 


Baud R.te 8R <; 20 kilot.ud 
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RS-232C 
DATA COMMUNICAnONS 

MC1488 - Quad R8-232C Driver, Output Current Limiting 

The MC1488 is • quad inverting TTL or DTL input 
line driver for RS-232C. It is designed to operate on ±9 
to ±12 V power supplies and at a temperature range of 
oto 700 C. 

Features include guaranteed power-off output im­
pedance and output current limiting . 

.$econd sources ...U.bIe. 

VOH 

OVCCNEE' .I.OV 


Volt. Min 

6.0 

MC1489 - Quad R8-232C Receiver, 0.25 V Input Hysteresis 

The MC1489 quad inverting RS-232C receiver fea­ Temperature range is 0 to 700 e and power supply 
tures 250 mV of input hysteresis. The threshold window requirement is a single +5 suppty. 
may be shifted by means of the response control input. Second sources available. 

MC1489A - Quad RS·232C Receiver, 1.1 V Input Hysteresis 

The MC1489A j, an improvedvorsion of the MC1489. 
It features 1.1 volts of input hysteresis for improved 
performance when slow·slewing input signals are present 
in noisy environments. 

s.cond sou,,"••r. available. 

tPHL 
Device Input VIHL Input VIl:H ORL -3900 

Number Volts Volts MMa. 


MC1489 1.0 to 1,5 0.75 to 1.25 5. 

MC14S9A 1.15 to 2.25 0.7510 1.25 
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6 , 
~ 

~ 
7 00 00 0 1 0 1 10 10 11 1 1 

5 .. 0 1 0 1 0 1 0 1 
lita 

3 2 1• 0 1 2 3 4 5 6 7 
I.ow ­

0 0 0 0 0 NUL DLE SP 0 @ P P 

~ 

Q0 0 0 1 1 SOH DCl 
, 

! 1 A a q 
-. 

0 0 1 0 2 STX DC2 I 2 B R b r 

0 0 1 1 3 ETX DC3 /I ~ C S c • 
0 1 0 0 4 EOT DC4 S 4 0 T d I . 
0 1 0 1 5 ENQ NAK % 5 E U e u 

,0 1 1 0 & ACK SYN. & & V v'= 
0 1 1 1 7 BEL ETB 7 G W 9 w 

1 0 0 0 8 BS· CAN ( 8 H X h x 

1 0 0 1 9 SKIPHT EM ) 9 I Y i Y 

1 0 1 0 10 (al LF SUB : J Z j z* 
1 0 1 1 11 (bl VT' ESC + ; K [ k 

1 1 0 0 12 (e) FF· FS L I 

- ~1 1 0 1 13 (d) CR GS M 1 m 

-~1 1 1 0 14 (el SO HOME RS N n ­
NEWLINE1 1 1 1 15 (I) SI US / ? 0 -- 0 DELAUB 

ASCII Code Table 

Abbreviations For Control Characters 


NUL null FF form feed CAN cancel 

SOH slart of heading CR carriage return EM end of medium 


STX start of text SO shift out SUB substitute 


ETX end of text SI ,hilt in ESC escape 


EOT end of transmission DLE data link escape FS file separator 

ENQ enqUIrY DCl device control 1 GS group separator 

ACK acknowledge DC2 deVice control 2 RS record separator 

BEL bell DC3 deVice control 3 US unit separator 

BS backspace DC4 device control 4 SP space 

HT horizontal tabulalion NAK negative acknowledge DEL delete 

"LF linefeed SYN synchronous idle 


VT vertical tabulation ETB end of transmission block 
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NUMBERS CONVERSION TABLE 


----~-------------------------------------------------~---------
DECIMAL BINARY OCTAL HEXADEC 2~ 

10 2 8 16 

& $ 
--------------------_._-----------------------------------------_. 

a a 0 0 1 
1 1 1 1 2 
2 10 2 2 4 
3 11 3 3 8 
4 100 4 4 16 
5 101 5 5 32 

'6 110 6 6 64 
7 III 7 7 128 
8 1000 10 8 256 
9 1001 11 9 512 

10 1010 12 A 1024 
11 1011 13 B 2048 
12 1100 14 C 4096 
13 1101 15 D 8192 
14 l11Q 16 E 16384 
15 1111 17 F 32768 
16 10000 20 10 65536 
17 10001 21 11 131072 
18 10010 22 12 262144 
19 10011 23 13 524288 
20 10100 24 14 1048576 
32 100000 40 20 4294967296 
50 110010 62 32 
60 111100 74 3C 
64 1000000 100 40 

100 1100100 144 64 
200 11001000 310 C8 
255 11111111 377 FF 

Ex. & 39 = % 00100111 = (a47 = $27 
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