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1.0 INTRODUCTION -

1 • 1 ScoeE!. 

This specification describes a rotating memory designed for storage 
of data with an average access time of 8.3 milliseconds (3600 RPM), 
or 16.7 milli~conds (1800 RPM) and a maximum storage capacity 
of 38.4 x 10 bits. 

1.2 Model Number -
The Model Number is constructed as shown below: 

85XO-Y 

x SPEED 
1 1800 RPM 
3 3600 RPM 

y NUMBER OF TRACKS 
16 Sixteen tracks 
32 Thirty-two tracks 

( 
48 Fourty eight tracks 
64 Sixty-four tracks 
96 Ninety-six tracks 
128 One hundred and twenty-eight tracks 
192 One hundred and ninety two tracks 
256 Two hundred and fifty six tracks 

2.0 REFERENCE DOCUMENTS 

2. 1 Outline and Mounting Drawin..a. - DWG. No. 1520006 

2.2 Power Supply Specification - DWG. No. 1510017~01 
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GENERAL SPECIFICATIONS 8530 Series 8510 Series 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

3.9 

3.10 

3.11 

3.12 

3.13 

3.14 

Storage Capacity (Maximum) 40.2 x 106 bits 40.2 x 106 bits 

Data Tracks (Maximum) 256 {plus 32 spares) 256 (plus 32 spares) 

~iJs/T rack.. (Unformatted absolute 157,000 157,000 
Maximum) 

-

Gae between T 0 and 1st Sector 40 microseconds/ 40 microseconds rnin. 
min. 

Bits/Sector 

The maximum sector length is 
determined by the track capacity / 
from the following relationships: 

Case I: Track capacity< 122,000 bits: 
Max Sector Length = I, 550 bits 

Case 2: Track capacity> 122,000 bits: 
Max Sector Length = 1550 - 0.11 (C - 122000) 

7 

Preamble (written by Disc Memory) 19 bits ·19bits 

Postamble-Write Guard Bits 
(written by Disc Memory) I bit I bit 

- Guard Space 12bits 12 bits 

Rotational Speed 3600 + 95 RPM 1800 + 55 RPM - -
Average Access Time 8.3 + 0.2 milsec. 16.7 + 0.4 milsec - -
Data Transfer Rate {at 150,000 bits/track) 

9 .O :!:_ 0.6 M Bits/sec 4.5 :!:_ 0.3M Bits/ 
sec 

Disc Diameter 12 inch 

Recording Medium NiCo with Rhodium protective overcoat 

Recording Densi!l 
(at 150,000 bits/track 

MTBF 

7448 Bits/Inch Maximum (innermost data 
track) 

10,000 hours for 85XX-256 models 
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3. 15 MTTR One hour --
I 3. 16 Error Rate 

Recoverable Errors: 

Thil°ccurrence of recoverable errors shall be less than one error in 
10 bits read. 

Non-recoverable Errors: 

The occurrence of non-i-ecoverable errors shall be less than 
one error in 1012 bits read. 

NOTE: A non-recoverable error is defined as a 
single bit or many consecutive bits in error 
from which valid data cannot be recovered 
within three consecutive passes through the 
same data record. 

3.17 Preventative Maintenance 

. The Disc pre-filter and power supply filters shall be replaced when 
they become dirty. 

( 
4.0 ENVIRONMENTAL SPECIFICATIONS 

4. 1 

4.2 

4.3 

lj 

® BISHOP GRAPHICS/ACCUPRESS 
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Temperature 

Operating (a;.sumes writing at one extreme 
and reading at the opposite extreme) 

Non-operating (On Site) 

Non-operating (Shipping and storage 
properly packed) 

T emeerature Chan~-

Operating max. for data reliability 

E,elative Humidi!X 

Operating without condensation: 

Non-Operating without condensation 
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4A Shock and Vibration 

Vibration Operating: 

Non-operating 

.040" double amplitude 
displacement, 5-22 Hz; 
lg acceleration max, 22 - 500 Hz 

.040" double amplitude 
d"splacement, 5-30Hz; 
2g acceleration max, 30 - 500 Hz 

' 
! 
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i 
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4.5 

4.6 

4.7 

Shock: 

Shipping 

Operating: 

Non-operating 

5g II .Msec. 1/2 sine wave 

Sg II Msec 1/2 sine wave 

The packaged product to meet the approval of the NATIONAL 
SAFE TRANSIT COMMITTEE, Project IA. (100 lbs or less) 

Altitude 

Operating: 10,000 feet 

Non-operating: 25,000 feet 

Atmosphere Non-corrosive 

5.0 POWER REQUIREMENTS 

! 
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5.1 A. C. Power 

"r··· 
~-
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5.1.1 

5.1.2 

5.1.3 

5.1.4 

Voltage 
{single phase, rear 
panel selectable) 

Frequency 

Start Current 
(with 120 volts) 

Run Current 
{with 120 volts) 

88 - 108 VAC RMS 
105 - 130 
192 - 240 
210 - 260 

!47- 53 Hz 
57 - 63 Hz 
8.3 amps maximum 

2.7 amps maximum 
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5.1.5 

5.1.6 

5. 1.7 

Motor Start Time 20 seconds maximum 

A toggle power ON/OFF switch provides power 
control for motor and D.C. power supply. 

A sing I e fuse protects the transformer. The fuse is 
located in the line cord receptacle at the rear of 
the unit. 

5. 2 Power Loss 

The system is capable of withstanding an A.C. power loss of 10 
milliseconds without malfunction or data error. 

5. 3 ULLCSA Approval 

5.3. 1 UL Component Recognition per UL-478 will be obtained 
and maintained, except for 50 Hz oniy units. 

5.3.2 CSA Listing per C22.2 will be obtained and maintained, 
except for 50 Hz only units. 

6.0 MAJOR MEMORY SYSTEM COMPONENTS 

The 8500 Series is composed of the following major component ports. 

6. 1 Disc 

A 12-inch diameter, .200 inch thick plated with nickel cobalt 
is mounted to the spindle assembly. The disc has a thin Rhodium 
overcoat to al low contact start - stop. 

6.2 ~pindle 

The disc is mounted to the spindle via a "zero - clearance" 
assembly which maintains the disc location throughout the machine's 
temperature range. The locking device is an impeller to provide 
filtered air for pressurizing the enclosure. The spindle is driven by 
means of a belt and step pulley. 

6. 3 Drive Motor 

® BISHOP GHAPKlCS/ACCUPRESS 
REORDER NO. A·770l 

A capacitive start, 50/60 Hz induc:-ion motor provides the power to 
the disc. A step pulley compensates for a change in Ii ne frequency. 
Separate motors are used for 1800 and 3600 RPM applications • 
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6.4 R~rite Head Assemblies 
r 

6.4. 1 Standard triple transducer configuration read/write 
heads are used. 

6.4.2 The transducers contact the disc when the disc is not 
rotating, and fly 12 ± 5 micro inches when the disc 
reaches operating speed. 

6.5 Memory As~~mbJJ:: 

6.5.1 The basic memory assembly consists of the baseplate 
spindle, disc, head plate, and motor. 

6.5.2 The memory assembly is supported by four shock mounts. 

6.5.3 The rotating assembly is in a dust sealed enclosure which 
is pressurized by a filter impeller system; the minimum 
required pressures are: 

'l 

.05 inches of water: 1800 RPM 

.20 inches of water: 3600 RPM 

•l f 6.5.4 The maximum allowable particle count in the rotating 
. assembly is: less than 5 particles, 0.5 microns or larger 
over a 10 minute period and a flow rate of 0.01 cubic feet/ 
minute. 

6.6 Interface Electronics 

6.6. 1 The digital interface electronics are packaged on 
i a vertically mounted P. C. Board (Interface Board) at 

the back of the package. 

6.6.2 The Input/Output functions of the disc unit are transmitted 
and received by 7400 TTL family devices. 

6.7 ~e_adMrite Electronics 

With the exception of the Clock Preamplifier, the analog Read/Write 
and the head selection electronics are packaged on a P .C. board 
(Memory Board) which is mounted directly above the Disc Memory 
Sub ksembly. 

(~ 
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6.10 
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Bit Clock, Sector and Track Origin Generation 

6.8.1 One triple transducer head assembly is mounted to detect 
the recorded bit clock, sector clock and track origin (TO). 

6.8.2 Clocks are recorded on two tracks simultaneously for the 
purpose of having one identical spare. 

6. 8. 3 Changing from one track to the spare set is accomplished 
by changing a wire wrap jumper. 

6.8.4 

6.8.5 

The third track may be used to record an AMCOMP standard 
format.

1 
· 

Protection is provided to prevent erasure or alteration of 
these recorded timing signals. 

D.C. Power Suee.!l_ 

6.9. 1 The D .. C .. Power Supply exhibits the following general characteristics. 

6.9.2 

+5V + 3%, 4.5A 
+24V-+ 3%, l .OA 
-12V~ 3%, 1.0A 

The specifications of the power supply are documented in 
DWG. No. 1510017-01 

Other Assemblies 

6. 10. 1 The tray assembly supports the Disc Memory Sub Assy and 
also mountthe A.C. input connector and inner slides. 

6. 10.2 The rear panel assembly mounts on tre tray and holds the 
Interface Card. The rear panel assembly also mounts the 
1/0 connectors for the active unit. 

6.10.3 The RFI cover encloses the electronics and reduces both 
susceptibility to and emissions of stray magnetic fields. 
The RFI cover is easily removed for access to the major 
electronics. 
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7.0 "PHYSICAL CHARACTERISTICS 

~··· 
7. 1 Outline Dimension 

7. 1. 1 Height 8.75 inches 

7. 1.2 Depth 22.00 inches 

7.1.3 Mounting Width: Standard 19-incl-e s 

7 .1.4 The outline dimensions and mounting details are 
documented in DWG No. 1520006. 

! 

7.2 Wei~ht 95 lbs 
I 

8.0 INTERFACE SPECIFICATIONS - GENERAL --
8. 1 Levels --

8. 1. l The 1/0 signal levels and pertinent figures are 
defined as seen on the 1/0 connector. 

( 
8.1.2 Signal levels on the bus of the disc memory system are 

nominally 0 and +3.0 volts, which are compatible with 
both TTL and DTL family of circuits. 

8. 1.2. 1 Interface logic levels are defined as shown below: 

LOGIC 0 0 volts nom. 
-i-0.4 volts max. 

-
LOGIC 1 +2.4 volts min. 

+3.0 volts nom. 
+5.25 volts max. 

-
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Every line must be driven toward ground by a NPN transistor 
collector that is capable of sinking 48 ma and maintaining a 
maximum saturated output voltage of 0.4 volts. 

8.2 

'.8.3 

8.1.3 

8. 1.4 

8. 1.5 

8.1.6 

The following integrated circuits are especially suited to these 
requirements: 

Part Number Manufacturer 

Sn 7438, SN75451 Texas Instruments 

Al I signals to and from the disc are negative true (except BUS 
ferminated and illegal address) 

All signal lines will also be terminated at the controller. 

A typical Driver-Receiver configuration is shown in Figure 1. 

D • Ch •• 1 ,a1sy- aming 

8.2.1 

8.2.2 

The interface allows for (4) disc units to be daisy-chained 
and operated by one controller. 

The bus system is designed for a maxi mum length of 30 feet 
considering a 9 .O M bit transfer rate. 

Interface Connectors 

8.3.1 

8.3.2 

Two 50-pin connectors are provided in the rear panel assembly 
to allow daisy chaining. A mating connector (Part No. 1090010-01) 
is available. 

The following table identifies the interface signal pin assignments. 
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PIN NO. 

I I 
18 
34· 
35 
2 

19 
3' 

20 
36 
37. 
4 

21 
5 

22 
38 
39 
6 

23 
7 

24 
40 
41 
8 

--
I 

25 
9 

26 

[' 
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-

FUNCTION PIN NO. FUNCTION 
-

RETURN 42 READ 
DISC READ 43 RETURN 
N/C 10 WRITE 
TRACK ADDRESS-7 27 RETURN 
TRACK ADDRESS-6 II READ DATA 
TRACK ADDRESS-5 28 RETURN 
TRACK ADDRESS-4 44 BUS TERMINATED 
TRACK ADDRESS-3 45 RETURN 
TRACK ADDRESS-2 12 WRITE DATA 
TRACK ADDRESS-I 29 RETURN 
TRACK ADDRESS-0 13 SPARE 1 
UNIT SELECT 3 30 DC GROUND 
UNIT SELECT 2 46 READ CLOCK 
UNIT SELECT l 47 RETURN 
UNIT SELECT 0 14 SPARE 2 
RETURN 31 RETURN 
ILLEGAL ADDRESS 15 WRITE CLOCK IN 
RETURN 32 RETURN 
NOT USED IN 8500 48 SPARE 3 
REiURN 49 RETURN 
TRACK ORIGIN 16 WRITE CLOCK OUT 
RETURN 33 RETURN 
SECTOR CLOCK 17 SHIELD GROUND 
RETURN 50 SHIELD GROUND 
SECTOR WRITE 
RETURN 

TABLE I. J2 - INTERFACE SIGNAL PIN ASSIGNMENT 
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The READ signal must be set to a logic zero synchronized 
to the SECTOR CLOCK. 
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9.4 

9.5 

The READ command must remain at a logic zero until 
the last bit has been received and then reset to a logic 
one {Ref. Figure 4). 

Write Data ------
9.4. 1 When WRITE is a logic zero, this signal line will 

carry serial NRZ data to be recorded on the selected 
data head. 

Write Clock In 

9 .5. 1 This signal is the cable delayed ve..Sion of WRITE 
CLOCK OUT. 

WRITE DATA is received in the disc electronics with 
this continuous clock (Ref. Fig. 3). WRITE CLOCK IN 
must be present for a min. of 20 bits after sending the last 
WRITE DATA bit. 

9. 6 Track Address 

9 .6. 1 These eight fines provide the binary address of the 
data head to which a write or read operation is to be 
performed. 

These lines must be present and stable as long as a write 
or read operation_ is performed. 

The full eight lines are to be used regardless of the 
specific number of heads installed in the disc (256 maximum, 
16 minimum). 

9.7 Sector Write 

9 .7. 1 The clock format can be written with this line, when the 
disc unit has b~en properly set up for initialization by a field engineer. 

10.0 INTERFACE SIGNAL DEFINITION - DISC OUTPUl .SIGNALS 

10. 1 Track Origin 

10.1. 1 The TRACK ORIGI~! is a single pulse, one bit wide, defining 
the start of a disc revolution. 
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10.2 

10. 3 

10.4 

10.5 

This signal line, normally a logic one, is pulsed to a logic 
zero to indicate TRACK ORIGIN. 

Sedor Clock 

10.2.1 The SECTOR CLOCK is a single pulse, one bit wide, 
defining the start of a sector. All WRITE and READ 
commands are timed from the SECTOR CLOCK, 

This signal line, normally a logic one, is pulsed to a 
logic zero to Indicate SECTOR CLOCK (Ref. Figure 5). 

Read Data I 

10.3.1 When READ is a logic zero, this signal line will provide 
serial NRZ data from the selected data head in synchronism 
with the READ CLOCK. (Ref. Figure 4) 

Read Clock 

10.4. 1 The READ CLOCK defines each bit of data to be read 
on the READ DATA output line. 

The READ CLOCK is only present when actual data is 
present on the READ DATA line. The READ CLOCK is 
a repetition pulse with a period of one bit (Ref. Figure 5). 

Write Clock Out 

10.5.1 The WRITE CLOCK OUT is a continuous deck !ignal 
defining each bit eel I on the track, 

This signal shall be used to transmit WRITE DATA to 
disc unit and shal I be returned to the disc unit as a 
WRITE CLOCK IN. 

The WRITE CLOCK OUT can be used to strobe the Sector 
and Track Origin Clocks into the Controller. 

10. 6 _Qisc Readr 

10.6. 1 When this signal is a logic zero, the disc unit is 
ready to reliably transmit or receive data. 
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10.7 

The DISC READY will be set to a logic one under 
the following conditions: 

. 1. 

. 2. 

DC voltages below acceptable limits 

Disc rotational speed below reliable 
operating range. 

3. BUS, TERMINATED is at logic zero. 

Illegal Address 

11.7. 1 This signal will be set to a logic one when the received 
address exceeds the maximum address of the machine or, 
in machines equipped withthe write lock-out feature, a 
write operation is attempted on a 1,ocked-out 11 track. 

Bus Terminated 

10.8.1 The BUS TERMINATED signal senses the power to the 
active disc interface terminations. A logic zero on this 

i. 
1 • 

1 • 

l 
l 
ifl 

i' 

'',: . 
·I 
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line indicates a loss of power to the sigriaf line terminations • 
All other interface lines should be considered invalid. • 
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• GENERAL INFORMATION 
SECTION I - HIGH-SPEED LOGICS 

·Hith - logic ii uMd ...,,,....., impr­
system performance would increase a product•• 
merket value. f0t a given ayuem design. high­
tpeed lotfc is the mou d1rec1 way to improwe 
system performMC• end 1mi1ter-coupled logic 
IECll it today"1 1Mte1t l0<m of d1ptol logic. 
Emitter-coupled logic off1r1 both !he logic _.. 
.-ct logtc t1atur11 to meet the market demendl few 
h;gher -formance 1y1..,.... 

llllECL 'ROOUCTI 

Motorola Introduced !he 0<iglnol monolithic 
tmitt1r-coupled logic f-ily Mth MECl I 119621 
- foll..-d this wim MECl II 119661. Th- two 
t.,,,m.. are now· obsolete M'ld hew given wey to 
the MECl Ill IMC1600 11rinl. MECl 10.000, 
MECl 10800, and Pll IMC12000 -inl f-ilin. 

Chronol091cally the third family tntroduced. 
MECl Ill ft9681 •I a hight< po_,, hogh., -
logic. Typteal 1 ns ldge IOffdl Mid ptapega11on 
detlyt along with greatef' than 500 MHt fhp..tlop 
t""'9 ratn. make MECl Ill u11lul f0< hi9h1Plld 
tnt end communiCltiom equipment. Alto. thit 
family is uMd in the high-si>ffd wct1on1 .,d 
cntteal timing delays of larger 1yst.m1. For more 
•n•r•I purpose ..,.,,tcations, however. trends in 
.. ,99 hf9h -speed 1Yllem1 showed the need tor .,. 
easv-10-use looac family weth propagation delays 
on the order ol 2 ns. To match th11 requirement, 
the MECl 10,000Serin- introduced in 1971. 

An lmp0<tant l11ture of MECl 10.000 is ill 
competibility with MECL Ill to fecilitate using 
both f.miliH in the ume system. A teeOf"ld impor· 
t.,t feature ii its significant power economy -
MECL 10.000 getn u11 leu than one-'1111 the 
- of MECL Ill. Finally, low goll po-• 1nd 
ldltanced circuit design techniques hr1e permitted 
a n- lewl of comploitv for MECL 10,000 cir· 
cun1. For example, the complexity of the MC10803 
Memory Interface Function compares favorably to 
thlt of any bipolar integrated circuit on the market. 

The belie MECL 10,000 Sirin hn been IX• 

pended by • sut.et of devicn with even greater 
speed. This edditionel serin provid• a selection 
of MECl 10,000 logic functions Mth flip-flop 
-tition ratn up to 200 MHz min. The MECL 
10.200 Seriet is meant for u• in critical timing 
chains. end for clock distribution circuiu. MECL 
10.200 peru ere _otherwise identiClll to their 
10,000 Sirin counterporfl fsub1roc1 100 from 
the MECL 10,200 pert number to obt•in the 
equhlalent ltanderd MECL 10.000 port numberl. 

Continuing technical .c:tvances led more recent· 
ly 10 the dheloprn1nt of the M10800 LSI pro· 
ceuor femilv. The M10800 femily combines the 
perfonnance of ECL with the system advantages 
of LSI Mnsity. Architectur• feetures of the 
M10800 family significantly reduce the component 
count of e high-performence proce11or system. The 
M Hl800 LS) fernily is fully comp1tible with the 
MECl 10,000 and MECl Ill logic familin for a 
complete Mlection of 1v1tem design components. 

MECL FAMILY COMPARISONS 

MECl 10,000 

10,100 S.riee 10,200 S.riel 
FMturt 10,500 S.rin 10,600 S.rilo 10.800 LSI• MECl Ill 

I. Gate Prapa .. t1on Detay 
2 "' 1.!5 ne 1-2.5nt 

1 "' 2. Outpu1 Ed .. SPMCI 3.5 "• 2.1 ne 3.1 ns 
1 "' 

3. Fttp-FIOP Tawte 5oeect USO MHz 250 MHr N.A. 300-500 MHz 
4. Gate Po.-.., 25 mW 21mW 2.3mW 60mW 
5. SpMd Power Product llO pJ 31 pJ •.8 pJ 60pJ 

•Aver ... tor Equ•v•lent L..SI Gate. 

PIOURI ta- GENERAL CHARACTERISTICS 

1·2 

Ambient 
Temperltur• Aanoe MECL 10,000 M10800 MECl Ill PLL 

~0 to75°C MCM10100 S•riH - MC1697P MC 12000 Seri" 

- J0°C 10 .. es0 c MC101oos.,. .. MC10800 Series MC 1600 Series MC 12000 Suiet 
MC 10200 SeriH 

-ss0 c to 12s0 c MC 10500 Sen .. - MC16.t8M MC 12500 Seriet 
MC 10600 Seriet 

MCM 10500 SetiH 

FIGURE lb - OPERATING TEMPERATURE RANGE 

Pockl(141 Styll MECl 10,000 M10800 MECl Ill Pll 

16-Pin PIH1•C DIP MC10100P Series - MC1658P MC12000P Sertn 
MC10200P SeriH 

t6-P1n Ceramic DIP ·MC10100L SenH MC108o.tL MC 1600L Series MC12000L Serift 
MC10200L Series MC10807L MC 12500L S•riff 
MC10500L S•ri•• 
MC10600L S•riet 

MCM 10100L S•ri .. 
MCM 10500L S•ri•t 

16·Pin Flat Package MC10500F S•rin - MC1600F S•rtH MC12513F 
MC10600F S•rii•1 

MCM 10500F Serie1 

20 Pin C•ramic DIP - MCt0805L - -
24·P1n Plastic Package MC10181P - - -
24-Pin Ceram.c OIP MC10181L. MC10802L - -

MC1058t L 
24 Pin Flat Package MC10581F - - -
48 Pm Ceremic Ouil - MC10800L Sanes - -
14 Pin PIHt1c DIP - - MC1648P MC12000P 

MC12002P 
MC12020P 
MC12040P 

14-Ptn C•ramic OIP - - MC16•8L MC17000L 

MC12002L 
MCt2020L 
MCT2040L 

14-Pin Flat Package - - MCt648F MCt2540F 
8 Pin Plastic DIP - - MCT691P -

For package 1nformat1on M• page: 1·28. 

FIGURE le - PACKAGE STYLES 

MECL IN PERSPECTIVE 

In evatueting any logic liM. IPffd .-d PQ¥1119r 
requirements ere the obvious primery con1ider1-
tions. Figure 1 provides the basic p1remater1 of the 
MECl 10,000, MIOBOO, 1nd MECL Ill fe<nilin. 
But these provide only the start of 1ny compan­
tive analysis. as there ere e number of 01her imPor· 
tent features that make MECL h1gh'y desirable for 
1y11em implementation. Among these: 

1-3 

. eon.i-1.,., Ou-11 cau11 a function -
its complement to M>Ptar simultaneously It the 
.-VN:e OUU>Utl. without the u• of ••ttrnal in­
verters. h reduces PKk ... count by thmin1tint 
the need for essocieted inwrt functions and. at the 
same time. cutt sv1tem power- requirttmients end 
re-duces timing d1tferenttal probfemt art1in9 from 
the time delays introduced by inverter-I. 

-

I 
f 

l . 
,. 



a Hith Input Impedance and Low Output lmped­
Mce ~rmtt large f•n out and versat1t1 drive char· 
.cteri1tics. 

lnsignifiCllnt ,o_ Supply Noise G-otlon. 
Ole to differ1n11el amplifier design which el1min•tn 
current 1pik11 even during 1ign•I transition period. 

-ly Con11ont - Supply Current l>Hln 
llmphfin po""9r·1upply design and reducn COIU. 

Low Croa· Talk du• to low-current twitching in 
signll path end smell hypocally 850 mVI volt­
swint. and to relauvely long rise Md fall times. 

Wide V•ietv of Function&. including complex 
functions fKilitatHI by low pawer dissipetion. 
lpartteularty in MECL 10.000 series). A baa~ 
MECL 10.000 go•• conoumn IHS than 8 rnW in 
ondttp power in 1om9 complex tunctiont. 

Wide Pwf0<1N1nce Fle•ibtlitY due 10 dilfe<· 
.. tiat .,nphher dnftn whtch pe""itl MECL cir· 
cuill to be used es tin•• a well a dtoital circui". 

THnemtlaioft Line Drive Clpabitity i1 1fford9d 
by the QPen omtlter OUtl>Ull ol MECL devices. No 
•·Line 0n¥ers .. are liSted in MECL femil._, because 
..,..,..., device ii. li"9 drl'ftf'. 

Wire-ORint rtducft 1h1 number of logic dlvic:ft 
required 1n a del1gn by productng ldd1tu>nal OR 
911e functions with only.,, interconnection. 

Twitt ... Pair OriM C.pabtlity permi11 MECL 
circuits to drive twtsted-paer tr•nsrni111on lines • 
long as 1000 IHt. 

Ww•Wrap Copaloility ii -ible ,.;th MECL 
10.000 and the M10800 LSI family lwcauM ol the 
slow ri• end f•ll time charactenlt1C of the circuia. 

Open Emitt ... -Fot101Mf' Outpua ere used for 
MECL outputs to 11mphfy ••can• line drive. The 
outputs match -"V hne tmpedance ~ th• m­
ane• of internal pulldown resistors U'Vft power. 

lnfllUt PMtklowtt R•tstm• of llPPfOxim•tely 
50k U piwrmit unuMd inputs to fetn•n uncon­
MCttd '°' ._.., circuit board leyout. 

MECL A"LICATIONS 

Mo10<ola's MECL product hnn are designed for 
a wide renge of systems needl. Within th• com­
pu1., "'"'ket. MECL 10,000 is ut9d in systemo 
rangint from 1PKial purpou per1pher•I controllers 
to lerge m•tnfr.,,. computers. Big growth are• in 
lhi1 ~k•t include disk Md communiQtion 
dlannel controllen for larger 1y1torn1 and high 
SMtfonn•nc• minicomputet1. 

The industri8' m•k•t prim•ily u ... MECL for 
high performMCe •t systems such • IC or PC 
boerd IHt•"- H-, the high bondwidlht of 
MECL 10.000. MECL Ill. and MC12,000 are 
requir9d for meny frequency svnthnizer 1ystemt 
using high weed pit- lock looP networks. MECL 
Wllf continue to •ow in the industrt., m•rk•t 
through complex m4tdieal electronM: products and 
high performance PIOC .. control 1Y1temt. 

MECL 10.000 and MECL 111 h..,. -n ac· 
cepted within the F.o.ret market for numerous 
sign• proc•JSOts end n8Y1gation 1v11ems. Full 
mthtary temperature ,..,,. MECL 10,000 is of· 
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fered 1n the MC10500 •nd MCt0600 Series. 1nd 
in the PLL t1mity •s the MC12500 Series. 

BASIC CONSIDERATIONS FOR HIGH-SPEED 
LOGIC DESIGN 

Hioh·IPffd oper•tion involves only four con· 
1ider•tiom th•t dtffer significantly from oper•tion 
•t low and medium speeds: 

1. Time del1ys through interconnect wiring, 
whtch mev hmv• bffn ignored in medium-speed 
sv11em1, become highly important at st•te-of-the­
ar1 _..it. 

2. The PoUibility of distorted waveforms du• 
to reflections on signel lines increases with edge 

--'· 
3. The pou1bilitY of ••crosstalk" between 

mdia:ent 11gt'lal leeds it praportion•tely increased 
in h1Qh-1PMd systems. 

4. Electrical noise generation and p1ck·up art 
more detrimental at higher spe~s. 

tn general, these four characteristics Ire s~ed· 
and frequency-dependent. and are virtually inde­
pendent of the type of logic employed. The "merit 
of • P•rhcular logic f~ily is meHured by how 
well it compensates for these deleterious effecu in 
system applicltions. 

The interconnkt·wiring tim• delays can be 
reduced only by reducing the length of the inter· 
connecting lines. At logic speeds of tvwo nano· 
seconds. an equivalent "gmte delay .. is tntroduced 
by ewry foot of interconnectiog wiring. Obviously, 
for functions interconnected within a singte mono­
lithic chip. the time delays of 1ign1l1 trwemno 
from on• function to •nother •r• insignificant. But 
for • tr••t many extern•lly interconnected pertt. 
this ca.. s°"n .td up to en apprecieble delay time. 
Hence. 1he greater the number of functions per 
chip. the higher the system apeed. MECL drcuits. 
,,.rticul•rly tlto1• of the MECL 10.000 Seri•1 •~ 
dnign«I with • prtJ1»n1ity tow•rd comple• func· 
tiOIQ to MhMtce Ofter.,I 1y11Wm l/1Hd. 

Wwef0tm distortion due to line refl.ctiont elso 
bec:omn troublesome pr1ncip11ly It 111te-of-the .. rt 
speeds_ At slow and medium sPeeds, reflections on 
interconnecting lines •r• not usu•llV a serious 
problem. At higher spe~s. however. line lengths 
cen -.>proech the wevelength of the signal end 1m• 

pr~rly terminated lines c•n result in reflections 
thet will cau• f1lse triggering hee F 1gure 2). The 
90lution, as in RF technology, is 10 employ .. tr•ns· 
mi11ion-line" practicn ind properly ttrminete e1ch 
li90al line wirt't its ch1racteristic impedance et the 
end of its run. Th• /ow·imp•dance, tmitter· 
follow.r outputs of MECL circuit1 facilit•'9 tr•n1· 
m;uion·ltn• pr.JC tic•• without ups11rr;ng the voltagtt 
l~•I• of th• 1y1 rem. 

I 
!. 
' I 

---------------
The lncre ... d olfinltY for crotlloll< In high· 
~ circuitt Is tho result of very llHP leading .,d 
trolling odges !Int rlM ond loll timesl of th• high· 
1pHd signal. These ttffP w8'19fronta 1r1 rk:h in 
h•rmonics thlt couple readily to edjacent clrcultl. 

In rh• design of MECL 10,000. rn• ri1• •nd t.11 
timn hav• bren delib1Jr•t1/y 1/0'1/l#d. Thi1 rfilu011 

-e-a··-

FIGURE 2• - UNTERMINATED 
TRANSMISSION LINE 
(No Ground Plene Uoedl 

the •flinity for cro11t•llt without compromiiirtf 
other /m/HH'fant ,,.rlormanc. p•r•m«•rs . 

From the above. It It evident !hot the MECL 
logic line h no• simply c.c>ebl• of -otlnv et high -ed. but h• -n specifically designed 10 reduce 
th• problems that - normllly ONOCletlld with 
high-.! -••Ion. 

-e-1··-

~n 
0 

VTT • -2 V 

~ 'T 1 H~fh 

~· R•ce•v1nt Gate ll Input A 

\ I : low 

l 
l 

FIGURE 2lt - ,ROl'ERL Y TERMINATED 
TRANSMISSION LINE 
(Ground, __ I 

CIATI CltlCUtT 9ATI ,...,.._.tltevll\ra 
Otf ...... , ... 

·~·'- ..::.. <--:.:=-• •nt, -····-· ,....-"--.. r---"---. I -- - -
Yccl , .... , °"CC fO..I i 1· 

t ! ,, 

t -. .., ........... . ~:~ j:: ~-···-
Y11 .... IYJ 

..... ,,.. 
...... .., ....... v-. 

=~••e•C•D 
~:::;:t--6-~ 

••Tlt'\'119CM. 

FIGURE 3 - MECL GATE STRUCTURE ANO SWITCHING BEHAVIOR 
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•• ' ~RCUIT DESCRIPTION 

The IYP•C" MECL c1rcuit. Figure 3. consists of 
• d1ff1r1nli1l..,,phf11r input c"cu1t. • tlmperature 
•d volt•ll compensated br• network. and 1n11tt1r· 
follower ou1pu11 10 restore de lewis Ind provide 
bufferint for 1ransm1111on hne drivirtt. Htth fen· 
out operation ii poss1bt1 becaute of the high input 
wnptdance of the d1ff1ren1t1I amphf1., input end 
the low output impedance of the etn1ntr follower 
outPUh. Power·supply noi11 11 v1ttu1Hy elimin1ted 
by the neerly constMt current dr11n of the differ· 
entiel 1mp1ther. even during the trens1t1on period. 
B•te .. ,, dntgn prowtdn for 11muhan1ou1 out:PUt 
of both the OR l11nct1on ..,d its como-nt. the 
NOR function. 

P-•·Supply Connect10n1 - Any of the -
........ y levels, VTT. Vee. O• Vee may be used •s 
•ound; howewer. the use of the Vee node as 
•ound rftullS 1n best noise mwnun1ty. In such a 
use. Vee. o. Vyy. ·20V, Vee. ·S.2 V. 

Sy.- L01ic Spec11icot1ons - The outout 
9- ""'"' of 0.8S V. n shown by lhe typocel 
trM1f1r charsten1uc1 cu"'9. vann ftom 1 LOW 
..... of VoL • -1.75 v to. HIGH st•t• of VoH. 
-0.9 V .. nh •npect to •ound. 

Pa1111ve le>g1c t1 used when ret•ence ii made to 
l_.i "0'1" or "l's." Then , 

"'O" • -1.75 V •LOW 
tYPocal 

"I'" • -0.9 V • HIGH 

Circuit Operation - 8e91nnin9 With Ill logic 
,._,. LOW tnomon .. -1.75 VI. •ssume th•t 01 
through 04 •• cut off because the1r P -N b••· 
emitter junctions •re not conducting, MKt the lor· 

werd-biased OS it conductinq. Under these Condi· 
t•ons, w11h the bese of 05 held •t -1.29 v by 1he 
Vea network. 111 emitter will b9 one diode drop 
(0.8 VI more nep11ve than its b•s•. or -2.09 V. 
IThe 0.8 V d1fl•rent1al 11 1 ch•ractenllte ot th11 

P-N iunctionJ Tht blse·to-em11ter dtlfer1nt1•I 
KtOll Q 1 - 04 is then tht d1 I terence between the 
common emitter volt191 1-2 09 VI and the LOW 
logic level l-1.75 VI or 0.34 V. This is len th•n the 
th•Hhold volt•ge of 01 lh•ough 04 so that thne 
transistors will remain cut off. 

When My one (or alll of the logic inputs ire 
shifted uowe•d "°"' the -1. 75 v LOW st••• to the 
-0.9 V HIGH st•••. the bne voll1ge of 1h11 t•en· 
sistor increases beyond the threshold point end the 
trmn1ist0t turns on. When this happens, the voltage 
at the common-enuner paint rises hom ·-2.09 v to 
-1.7 lone dtode d•OP below lhe-0.9 V bne voltege 
of the input 1r1n111torl. 1nd since the base voltage 
of the f1xed·b1as tr•nsistor CQSI i1 held •t -1.29 V. 
thl bale-emi ttlr VOi 1998 QS c•nnot SUH•in conduC• 
tion. Hence. this tr•n111tor is cut ofl. 

Th11 action 11 rewr11ble. so th•t when the input 
sitrt•tfst return to the LOW state. 01 - 04 •• 
.-pin turned off and 05 aga1n becomes forward 
biased. The collector voltages resulting from th• 
1witchi'1g action of 01 - 04 end 05 •re trans· 
ferred through the output emitter-follower to the 
output •ermin1I. Nott th•t the d1ff1rent1al action 
of the 1wnchin9 transistors lone section being off 
when the other is onl furnishes simultaneous 
compl•ment•ry signals •t the output. This action 
also m•int•ms constent power supply current 
drain. 

DEFINITIONS OF LETTER SYMBOLS AND ABBREVIATIONS 

C:.-: 

•cc ToUI - supply cur•en• d•- lrom 
lhe -''" SUPPIY by• MEeL unit under 
test. 

•ceo Le"• ,,...,..,, t.om •nou• t•ens111or on 
MEeL dh1ceo Wllhoul pul- •e1111or1 
when tnt volt• 111pphed. 

IC:CH Current cir- lrom Vee -· supply 
w1lh oll onputs ••logic HIGH r...1. 

•c:cL Cunent dr11n l•om Vee -· supply 
w11h 111 inputs 11 logic LOW lftel. 

IE Total - .,pp1y cu"""' d•own f•om 1 
MEeL test unit 11y the ._uwe _, 
supply. 

If Forwilrd cftade current d1awn from In 

'"'"'' of • 11tur•ted logic to·MECL 1r1n1· 
l11or when 1h11 1npu1 IS 11 •ound 
potenhll. 

11n Cuuent into IN input of the tftt unit 
when 1 m1•1murn 109-c HIGH IV1H max• 
11 appli9d II that Hll)Uf. 
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•11NH 

•as 

HIGH level input current into • node 
with a specified HIGH level tV1H max' 
togiC voltage applied to 1ha1 node. tSame 
es lin for positive logic.} 

LOW level input current. into 1 node 
.,ilh a specified LOW level IV1L mini 
logic voltage applied 10 that node. 

lo.t curren1 th11 IS drawn from 1 MECL 
ctrcu1t output when me11ur1ng 1he output 
HIGH level volt19'. 

HIGH level ourput current the cunent 
llowlfl9 mto th• output, It 1 spec1hed 
HIGH le•el oulpul •Olllge. 

LOW level oulput ·current: the current 
flowing into the output, •• a specified 
LOW le.el output volt1ge. 

Output short c1rcu1t current. 

Output current (hom a devtCe or circuit, 
under . such cund1uons mentioned 111 
contextl. 

Current (cont.I : 

•sc 

Voh ... : 

vaa 
vae 

vea 

vee 

vee1 

vee2 

V1HA 

ReverH current dr1Wn from I transistor 
rnpul of 1 test unit when VEE 11 apphtd 

II thlt input. 

Shon·circu1t current dr1vwn from 1 u1n1· 
l1tor 11tura1in9 ou1put when thll output 

1111 ground potential. 

Ref .. ence b••• supplv vol••· 

&-·to-emitter 90lt1p droo o! I tr­
tostor 11 specol1ed collector and bne 

currents. 
eonec10<·IO·l>llM wit• droo of • 
1<1ns1S1or •I specoloed collectO< end bne 

cunents. 

Gerwral term for the most positive power 
supPly wolt19' to • MECL dhict lusuolly 
ground. except for 1ransl1tor and inter· 

face circulfst. 

Moll poslli•• power supply voltllO lout· 
pul dewicesl. (Usuolly 9round lo• MEeL 
devices.) 

Moll positive power supply volt• lcut· 
1ent switches and bias driverlCU1Y1ttv 

•ound for MEeL devices.I 

Most netattve power supply volt• fOf • 
corcu•I (usuolly ·S.2 V tor MEeL dewlCltl. 

Input voltage 10< rnenuront IF on TTL 

interface circuits. 

Input loQ1c HIGH vol119' level (nominel 

w1luel. 

M1xomum HIGH level input •oltlgto: The 
most po111i.e 111111 neg11iwel value of 
high·le"I input volt.... tor wh1Ch' 
operiuon of the loQic element w1th1n 

specifte11tion ftm1ts it l"••nteed. 

1._1 logic HtGH thrt1hold volt• level . 

V1HAmin Minimum input logtC HIGH ..... lth•H· 
hokll volt• for whieh perlorme- ii 

spec;hecl. 

Minimum HIGH 1-1 input •01119': The 
lellt posit••• tmosl neoati..eJ v1lu• of 
HIGH level input volll9' for which ope••· 
hon of the logic element within specif1ca· 

t1on hmits is .,.ant1ed. 

Input logic LOW vol•• level (nom1nel 

•llue). 

M•x1mum LOW level input volt•: The 
most po11t1v1 (lent neptnreJ "''"' of 
LOW level input voltaoe for which oper1· 
tion of thl l091c 1lem1nt •ittun tCMtCihc.a· 

tion limits is guer1ntted. 

--··-· ·- ---1 
VILA 1._t logoc LOW thrflhokl voltl9' level. 

VfLA ,,... M .. ,,,...... ,._t logoc: LOW levll lth<H· 

hokll .ott• for whiCh ""'°''""- os 
opec1hecl. 

"VIL mon Mon- LOW level input volt•: The 
lent _,. .. (mool .,...,,..1 •olue of 
LOW le.el 1npu1 ..,., ... lo• which opera­
tion of the tog•c element Wlfhtn. ll)KlflCl­

t"'" hm•ts ii .,.emHd. 

Von 1._t VOit• (lo• corcuit or dewictl. 

Vm,. M .. imum !most _,;.e1 suPPIY vol,..., 
pttmitted Under • sptcrhed Mt of 
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"VOH 

VOHA 

cond11oons. 

0..1pu1 logic HIGH ........ 1e..i: The 

vol•• level •• en output '"''"'"" for 1 
1pec1htd output current w11h the 
pc1f•td cond1ttons apphtd to ,,,.,tth 1 

HIGH lovel 11 lhe output. 

Output l091c HIGH threshold •ott• 
levll. 

VOHA mon Minimum oulpul HIGH threshold volll9' 
lftel tor whoeh ,,..,_ is opecofoed. 

VQH mo• M1•imum output HIGH or h..,. ...... 
voltage for given •ntMJll. 

VOH min Minimum output HIGH Of ...... -1.ott· 

"VOL 

VOLA 

... for •- onputs. 
0..1pu1 logoc: LOW ..,., ........ , The 

vol•• 1e .. 1 11 the output '"'"""" 1or • 
101e1fted ourput °"rent. with ttw 
lllO<•loecl condiloons -''""to ntoblosh • 
LOW •-I •I the output. 

Output logic LOW threshold ........ -..!. 

VoLA ..... M .. imum output LOW .................... 
-• tor whieh perfor- ii _,1ooc1. 

VOL,,... M .. imum output LOW level ........ lor 
• .-nenouu. 

VOL min Minimum output LOW level voltefl lor 

VTT 

VOLS1 

VOLS2 

""""""'"· Line loMl-ruiltor termiNli"I voluge for 
outputs hom 1 MEeL dnoce. 
Quiput logic LOW level on MECL 10,000 
line teeeivef deviCel with .. , input'I at 

veevo11egelovel. 

Output looie: LOW level on MECL t0.000 
line receiver deYicel with ell inpuh ooen. 

a 

r 

I 
i 



Timi Plir1met:ert: 

•• 
I· 

Ir 

If ... 
I·• 

•pd 

••• 

W1v•lorm re• tom• !LOW 10 HIGH!. 1<J<I. 
lo 90~. Of 211"1. lo 80'!1.. IS spocofo<d. 

W1vtlorm fill tome (HIGH 10 LOW1. 90'\ 
to 10'\, or 80\. to 20,, n spec1f1fd 

Sameast+ 

5..,,. It t· 
ProP"911ion Delay. - Figure 9. 

Pr~tion Delay. - Figure 9. 
Prop•''°" d•l•v. input to output from 
tM so"' OO•nl of lh• mput Wiheform ., 

p.n • u.u.ng ~ noted by - or ''''"' 
q. nott'CI by •• to the 50"' point ol IM 
ourput waveform •t pen y tt .. h"I edge 

nolod by - or '"'"' ldgt nol<d by + l. tef 
Figure 9.1 

Output w,...eform rise time es mt.sured 
hom 10'\ to ~ or ~ 10 80'- points 
on •avefcwm lwhschever 11 sptt1flfl1) 11 

pin • with input conchtions as \OK:ifl..:I. 

'•· Output waveform f•ll 1tmt: n ""'"''Id 
from 90'\i to 1°' or 80'\ to 20'\ paints 

on waveform twh1chever 11 soec1f1HJ) •t 
ptn •. w•th input cond1t1on1 " 1PfC1f1td 

f Tog T 099le frequeney of 1 flip- flop or 

fsh1h Shift rate for 1 st11ft rf91ster. 

1RCS 
..... , 

•wso 
'WHO 

'WSA 

Chio Sel«t RKovery T 1me 

Addrt11 Acceu T tme 

Wttff Pu._ Width 

01u S.1up T 1me Prior to Write 

Dua Hold T..ne Ah• Write 

Addrea setup time prior to write 
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IWHA Addtns hold hm• 1h•r wti1t 

'WSCS Chip i•ltct setup time prior to wnte 

'WHCS Chip nlect hold time alter wri1e 

'WS Wflte d•Wble time 

'WR Write recov..-y hmt 

TemP9f•~re: 

T llQ M•x1mum 11ffnpet•ture at which dl'Vtee 

m•v lM stored without d«n• ot perfor 
m.-nc:e df9radlhon 

T J Junction lor d1el tt'tnpet'llure of .,, inie· 
gr•led ClfCUlt device 

TA Ambient fenv1tonmtnO temQe1'o1ture uisllng 
1n the immed111e vtetntty of .,.. inlegr•led 
circtnt device P«klCJI. 

I JA Th•m•I res11tince of an IC P«k•. ;unction 
to amhttnt 

'JC Therm•I tHistance of an IC p.ack•. junction 
10 cow 

lfpm linear fnt per m1nut• 

licA Therm•I rPMstMtce of an IC packaqe, case 
lo ambient 

TPout 

D.U.T. 

Signal ~•tor inpulS 10 • IHt circuit. 

Tnt point 11 input ol unit under tnt. 

Ten pqtnt 11 outpyt of unit under tnt. 

0@'v1Ce under tftt. 

Input Ctl)IC1t1nc•. 

Output cap..::it~ce. 

Oulput itnped¥tee 

The total de power •PPherd to 1 device. not 
including any power delivered from the 
d~ice to a load. 

AL ' La.d Retistance. 

Ar Term1n111ng flOld) rests1or. 

Rp An input pull-dOW'n res1st0f (i.e., connected 
to lhe most n~trve voltage). 

P.U.T. Pin under test. 

SECTION II TECHNICAL DATA 

GENERAL CHARACTERISTICS end 
SPECIFICATIONS 

tSee pages 1 ·6 through 1 ·8 for definitions of sym­
bols and abbreviations_) 

In subsequent sectioo1 of this Deta Book. the 
important MECL per1meter1 ere identified Wld 
ch1r1cterized, and complete date provided for eech 
of the functions. To make this data 11 useful • 
pOtsible, and to avoid 1 great deal of repetition, 
the data that is common to ell functional bJock1 
in 1 line is not repeated on 1ech individu1I lhMt. 
Aether. these common ch1racteri1t1c1. M wwtll M 
the application information th1t appli91 to 11Ch 
family. are discussed in this section. 

In general, the common ch1recteri1tica of major 
importance are: 

M1ximum Aatin91, including both de 1nd ec 
charactertstics end temper1ture Hmit1; 

Transfer Charecteristics, whtch define logic 
levels and switching thresholds; 

DC Parameters, such as output levels, threshold 
levels, and forcing functtoos. 

AC Parameters, such as propagation delays, rise 
and fell times and other time dependent charec· 
ter1stics. 

In addition. this secHon wilt di1eu11 general t1y· 
out and design Quidtts that will help the designer in 
building and tHting 1v11ems with MECL cirwitt. 

LETTER SYM80LI ANO ABBREVIATIONS 

Throughou1 !Ilia -•Ion. end In IM oubMQuent 
•11 lhHtl, letter tymboh and .ebbreviationt witl 
bl uted in discu11ing electrical characterittQ end 
1P«ification1. The svmbol1 uwd in thit book. •I'd 
their definitions, •re listed Oft the pr~ing CMllft, 

MAXIMUM RATINGI 

The limh P• ,,,..,.,, beyond ""'ich IN life 
of the devicn mtty be impaired er• 9iven in Fiture 
48. In -'dihon. Teble 4b provides certain limits 
which. ii e•Cleedtd. will not demage the dhicft. 
but could cfe9t- 1he perfor"111nco .,.,_ lltat of 
the gusantetd spec:ific•tiont. 

MECL TRANSFER CURVES 

For MEeL •ore ...... tM - ~­
..... ,, OUIPUll mu11 bt repr-ntltd by two trensfer 
curves: one to describe the OR twftchln9 ection 
end one to dncribe the NOR twitching ection. A 
tvPtc•I tran1fer curve end nsocieted d8ta for .. , 
MECL f•milin ii ahown in Figure 5. 

It is not necftl.8ry to menure trantfer cunrn M 

ell points of the cunres. To """'"t" COfrKt 
OPtretion it it 1Ufficten1 rne,.tv to "'41•uf'9 two 
tets of min/ma• logic lewl peremetert. 

FIGURE 4a - LIMITS BEYOND WHICH DEVICE LIFE MAY BE -AIRED 

Ch1racteri1tic Syrnbol Unit MECL 10.000 M10800 LSI MECL Ill 

Chafacttri11tc Vee Vdc -8.0100 -8.0 toO -8.0toO 

Supply Vohage IVee • OI VTT Vdc - -4.0toO -
lnpu1 Voltage IVce • 01 Vjn Vdc o 10 Vee 010 Vee Oto Vee 

lnpu1 Vol11ge Bus !Vee• 01 . Vin Vdc - 010 -2.d;JJ -
Output Source Current lout mAdc 50 50 40 

Continuous 

Output Source Current Surge •out mAdc 100 100 -
Storage Temper11ur1 T119 oe -55 to +150 -55to•150 -55 to +150 

Junction Temperature TJ OC 

Ceramic Package(l) 
165 165 16~-

Junction Temperature TJ Oc 150 - 150 
Plastic Package 

NOTES: (!}Input voltage limit 1s Vee to -2 volu when bus 11 uted 11 an mput and the output dnve1s 
are disabled. 

©Maximum T J may be e-. .. ded I< 2so0e1 for short -·ods of '""'I< 240 hourll wilhout 
1ignificant rttduction in deY1ce life. 

@except MC1666 - MC1670 which have maximum iunct1on temperatur" • 1•s0c. 
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FIGURE 4b - LIMITS BEYOND WHICH l'EAFOAMANCE MAY BE DEGRADED 

ChatKtwiltiCI $yn1bol Unit MECL 10.- M10800 LSI MECl Ill 

()peret•nt Tempe.Mure T" "c MC: -30 to +85 -30 to +85 -30 to •85 

Rtngo~"'""*(D MCMc0to75 

Ooeret•"I Temperature T" "c -56 to •125 - -&5 to +125 

R-M11.Cl) CMC16'8MI 

-y Vol .... IVCC • oJ(Z) vu Vdt. MCo -4.• to -5.72 -4.68 10 -5.72 -4.68 to -5.72 

MCMo -4.94 10 -5.41 

$uoply Vollttt IVcc. 01 vn Vdt - -1910-2.2 -
Output Drive Commerciel - n 50 n to -2.0 Vdc 50 n 10-2.0 Vdc 50 n 10 -2.0 VdJ!5 
Outpu1 Oriwe Mil - n 100 n to-2.0 vc1c 100 n 10 -2.0 Vdc -
Ma•'"'um Clock Input A• .... , "' - 10 <) 

9nd F .. Timt C'°' to 80'41 

NOTES: @w1"' 8itflow;.. 500 lfpm. 

@FWICtiOftelity °"''· Deta INet hmitl ., • ..-citied for •l.2 Vt OD10 V. 

@10 "',....""""'limit for MC18IO, MC1•7. end MC1891. 
@E..,. MC1 ... whldthelen internelourput pufklownrfti1tor. 

I -­c-0..1 ..... ,_... ... , .. -.... 
t IM t .,, oa10 

0110 

--Y~O~H'.,:-=:_--=1~~"-[~ -i=---, :::: 

I tJO 
tHO 

_;i::flC;:;tliiiii$1cit.:::i::ml 1 HO 

VIL ""'"' ! V1H "'•• 
...... c ............ n•c 

Vfl loJV ... ,_ .... .................. .,. ... _. l --
• ....... twl ........ ,- "•• ~ I 19V 

...... c ...... , .......... 

FIOUlll I - MECL TRANSFER CURVES IMECL 10,oOo EXAMPLEI 
- Sl'ECIFICATION TEST POINTS 

Ti. lint 191 II Obtained ~ -tyint t•I volt­
.... V1L min - V1H m .. ·-1i•llvl ID .... 
11• lnpu11, end -rin9 the OA Md NOA out· 

""' -· to mtU .... they ... .,._ VoL 
mo• Md VoL min• encl VoHme• Md VoHmln 
tpCifiQtion1. 

The -- 191 of IOllC - __ ..., relo191 
to the twitching lhreoholdo. Thl1 WI of dote 11 
dl1tinguilhed by ., "A" In symbol M1blcr~11. A 
191t vol'"90, VILA mo•• II opplied ID Ille IJlllO end 
the NOfl encl OR ou-11 .,. mt-rwd to -
lhat they.,. - Ille VOHA min Md below the 
Vol.A mt• -11. -tlwly. Simil ... chec:lul .... 
,,,_ uling the - input vollOIJll V1HA min· 

The ,_,t of 111- opecilication1 lnM1r• lhot: 
•I The llWltclting lhreoitold , .. v881 11111 within 

... dorknt roc:t....,o; I.e. '""'tdling - not bttln 
outsidli this rectangle; 

bl Clu-t IOllC ...... 1811 kl the 11"1191t .._ ....... ; 
cl G--..- "'-'nhy lo met. 

1-10 

Figure I lhowt the guor1n1Hd MECL 10,000 
encl MECL Ill IOQic levot1 •nd switching throsholdl 
over specified temperwture ranges. At shown in the 
Figure 8e Typical Trensfer Curves,. MECL outs>uts 
ri• with incrN1ing ambient temper•ture. Aft cir· 
cuitt in each f1mily have the ume wortt-c111 out· 
put 1"91 tpKificationi regerdlnt of power diai­
petion or junction tempereture differences to 
reduce loa of noise margin due to thermal dif· 
1 .......... 

All of th- opecificetlons ••umo -5.2 V _, 
1Upply Gperltion. Operation •t other power-supply 
voluoet it ponible. but will rnult in further tr•n•· 
fw curve changH. Transfer cherecteriuic dll• ob­
tained fOf •variety of supply voltagff are shown in 
Figure 7. The table 1ecompanying then greph1 in· 
dlcat91 th• ch•nge rttft of outl)ut volt1ges • a 
function of_, oupply vol101J111 • 

TRANSFER DATA FOR TEMPERATURE VARIATIONS 

FIGURE 61 - TYPICAL TRANSFER 
CHAR AC TE R1STICS AS A FUNCTION 

OF TEMPERATURE 
(See tables below for datl) 

OUT,UT VOLT AGf 

IVOLTSI 

'6 ·' .. ·' 1 .• 0 

IN,UT VOLTAQ( IVOLTSt 

Fon::•nt 
-1soe<D -JO"c<2> o"c~ 111oea> nee© 15"cQ) .-ca> 1111-c<D 

Function Par8'ftttl' 

MC10SOO '4C10100 MCM10100 MCt0100 MC10500 MCM10100 MC10100 "'CIO!>OO 

"'Cl0600 MC10700 "'CI0200 MC10800 "'C10200 MC10600 

MCM10500 MC10800 '4Cl0800 MCM10500 "'Cl0800 MCMIOSOO 

V1Hm1" . VoHm•• -0880 -0890 -OJIOO -0810 -0.180 -ono -0.100 -0 llJO 

VoHmin -1.080 -1.oeo -1.000 -0.110 -0.930 -0.900 -oJlllO -0811 

VoHAm1n -t 100 -1.080 -1 .020 -0880 -0.950 -0.120 -0810 -0845 

V1HAm1n ·1255 -t204I _, 1"5 -1.108 . -1.108 -1.005 -t.olS -1.000 

VtLAma• -1.510 -1.500 -1.490 -1.475 -IA15 -1-•so -1440 -1.-

VOLAmllX •l.IJS -1155 -1 ... 5 -1.830 _, .900 -1805 -IDS -1525 

VoLm•• -1155 -1.115 _, .116S -USO -U20 -t 82' -1.115 -IMS 

Y1Lm1n -1.920 -1890 -U10 -U50 -1850 -1830 -••:it ·1820 

V1lm•n l1Nlm1n 0.5 05 0.5 0.5 05 O.J 0.3 0.3 i VOLmon@ 

NOTES]MC10!>00. '4C10600. ond MCMI0500 _.., _.,1,od doovo"f 100 Olo-2.0 V. 
MC10100, MC.10200. al"ld MC10800 .. , .. , tP«tfted dm•1n9SO n to-2DV. 

J ~mo"" IMCM10100t SJ)k1f1*<f o-1s0c fot commeoc .. 1 t~etvr• ,...a. IO n to -20 Y. Mth1erv ..,....,.,,..,... • 

ran9" memor1~• tMCM105001 spec1fted oer Nott 1 . 
©Special CtrCUltl euch n MC10t23, MC10118, MC10119. end MC10800 fMn1ly but outpUtt hewe lower.,...,"°'""""' 

VOL min· SH 1nd1v.ctu.a data lh .. u fat tCMC:thc .. iues . 

E1th MECL 10,000 •ries devc• hn bNn dniQrwd •o mMt tf\e de ~1ftcet1ont lhown Ht the 1"1 table.aft:et" thetmel 9Qu1hbttvtft 
h .. bun etlabhdied The c1rcu1t .- '" a 1n1 socket 0t moun1ttel_ on a pl"tntild cncvit boerd.,... trwn.,.,., •••ftow p'9ter lf\en 500 

tin .. , tpm 11 ma1n181necf_ Vee • -5.2 v i 0.010 v. 

FIGURE 6b - MECL 10,000 DC TEST PARAMETERS 

'~'"' Funcoon ,.,.,.., ..... -30°C 2!19c lll"c 

V1Hm .. VoMm .. -0.175 -0110 -0.100 

VoHmWI -1 041 -D.MO -0.890 lllCTlllCAl CHAllACnllltTICS 

-1 oe& -OHO -Ot10 
l:•h MICL Ill 99flft .... IC:•"'• .... A.....,..,tofll'l_,.._._.,f~ 

VoHAnun c•"DA lhown in ..... -· •bl'• ... ,., ........ ""'".,..""""' f\• ~ 
VIHAmlfoi -1.110 -1.099 -1.018 .. i.Oltthff T"• c.,c:.,.;t ie In e '"' toe• .. ., -nffld OO'I e prtnttrd 

VtLAm.., -1111 -1.•ll - ..... o citt"'lt bOetd lftd tren .... '99 •tflOW ~ .. 900 I~ .,,..... • 

VoLAm .. -1UO -1.•oo -1 IH 
nuiintal...t V11. • -1.2 Vs 0.10 V 

VQL,., .. -1.SIO -••10 -1.111 

V1Lmin i Vo"-"'"" -t.•90 -1110 -1.l>O 

VILm'" 11,..Lmon •• •• 0.3 

NOTE All °"'""'u lo.ded 10 n 10 - 2.0 VClc: ••C'9P• MC, ... *"IC" 

"'"en tAternal CNlPVI P'oflld°""" re1l1tor 

FIGURE 6c - MECL Ill DC TEST PARAMETERS 

1-,, 

a 



TRANSFER DATA FOR POWER SUPPLY VARIATIONS , 
IOU Lo .. 

: .. 
_, -0 , 
~ ... -

TI u VII'" -l-&V-

d 
-· 4 v _L 

J SJV 

::I""l"°~ 
-JDV ] ,.., • n•c 

] I 

! -10 _, i _,. 

_,, 
_,. 
-JO 

-J J ·2• -2• -20 _,. -· J -01 ·•. 
V,n.tN~UT VOLTAGI IVOl.TSI 

FIGURE 7a - MECL 111/10,000 -oR- FIGURE 7b - MECL 111/10,000 "NOR" 

Volt- MECL 10,000° MECL Ill M10800 LSI 

~voH 1.lVee 0.0111 0 033 0016 

.lVoJ..'.lVee 0250 0.270 0030 

..l.Vee '..!Vee 01•8 0 1•0 0.015 

9"0 lubHtl. 10.200, 10.500, 10.600. 

FIGURE 7C - TYPICAL LEVEL CHANGE RATES 

--------<+ _, 10I 

Y •• IWll•tcfl ... ltlr...,.Oldl 

Specifiution Pointa tor Det1..,ninine NoiM Martin 

NOISE MARGIN 

·"NoiM m•gin•• ii • meesure of • lotfe circuit's 
rwt11tanc1 to unde11red switching. MECL noiM 
marg.n ts defined in terms of rha 1P«ificlit1on 
po1n11 surroundtnt the 1wnching threshold. The 
critteal par.meters of inr1r111 htre art those desig­
nated wnh the ''A .. sublc:r1p1 (VQHA min· VoLA 
m••· V1HA min· VILA meal fn the transfer ch•ac­
t1n1tic CUfvet. 

I•­!I St••• 

Fam My 

Noise Margin Computations 

Guar1nteed 
Wont·CaNdc Typicol de 

NoiseMergin Noise Mar9in 

All MECL 10,000 0.125 0210 

MECL 111 0.115 0200 
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FIGURE I - MECL Noiw Morgin Data 

Gueranteed noiM margin INMJ is defined 11 
lollOW1: 

NMHIGH LEVEL - VoHA min - V1HA min 
NMLOW LEVEL" VILA mu - VOLA max 

To see how noiu margin it computed. assume 1 
MECL gate drivff a similar MECL gate, figure 8. 

At •gate input fpoint Bl equal to VILA ma•• 
MECL oat• •2 cen begin to enter the shaded transi· 
tion region. 

--~-----------------------------------

This is a '"wor1t case" conditton. 1inc1 the 
VoLA ma• SPetifiution point guarantees that 
no device can enter the transition re-gion before an 
input equal 10 V1LA max ii reached. Clearly then. 
V1LA max is one criucal point for noiM margin 
computation, since it ii the edge of the tr1nsition 

region. 
To find the other critic1I voh1ge, conlicWr the 

output hom MECL gate .;:., fpomt AJ. Whet is thl 
most positive value possible for this voltage fcon· 
s1dering worst case specil1cationsP From Figure 8 
n can be observed that the VotA m•• specifi· 
cation insures that the LOW state OR output from 
gate H can be no_greater than VoLA max. 

Note that VotA ma• is more negetive th•n 
V1LA max· Thus. with VQLA max It the input 
to gate •2, the transition region i1 not yet 
reached. (The input voltage to gate •2 is still to 
the left of VttA ma11: on the tr1n1fer curve.) 

In order to ewr run the chance of switching 
gate •2, we would need 1n additional volt8QI, 
to mo"'e the input from VQLA max to V1LA 
max· This conunutes the "safety factor•• known 
• noise margin. It can be calculated as the magni· 
tude of the difference between the two specifica­
tion voltages. or for the MECL 10,000 leYttlt 
shown: 

NMLOW • V1LA max - VQLA max 
• -1.475 V - 1-1.630 VI 
• 155mV. 

Similarly. for the HIGH state: 
NMHIGH. VoHA min - V1HA min 

• --0.980 V - 1-1.105 VI 
• 125 mV 

Analogous results ere obtained when consKter· 
ing the "NOR .. transfer dltl. 

No11 that these noise margins are absolute 
worst case conditions. The lesser of tht tw0 noise 
margins ii that for the HIGH u11e. 125 mV. This 
then. constitutfl the guaranteed margin apinst 
signal undershoot, and Power or therm.. dis­
turbances. 

As shown in the t.t>te, typical noise margins 
are usually better than guaranteed - by 1bout 75 
mV. 

MECL WAVEFORM TERMINOLOGY 

Yovt 

·- .. , 

Noise ~rgin is a de tQrKtficetion th•t ettn be 
c11cul1t1d. 1inc1 it is defined by 1pecihcation 
point1 tabulated on MECL data lhHtl. How· 
ever. by itself. this 1CMCihcation does not give 1 
complete pieturt r999fdint the noi• immunity of 1 
system built with a pertieulat Mt of circuiu. Over· 
all system noiM immunity involves not only not•~ 
m8f11n speciticationt. but also other circuit-related 
fac10<1 1h11 <1e1a""lne h- dillicult It It to -•v a 
no1te signal of 1ufhc1ent maenitudl end duration 
to cauM the circuit to prop-.ate a ftftt logtc 1t11tt. 
In gener11. then, noiM immunity involves line im· 
pedlnces, circuit output impedencn. end propaga· 
tion deity in addition to no1se-m1rgin apec1ficl· 
1ions. This 1ub11tet is diteulMd in greater detail in 
Applieation Note AN-592. 

AC OR SWITCHING PARAMETERS 

Time-dependent tPKificationt 1rt thou that 
define the ttfects of the circuit on • specified fn· 
put signal. n it travels through the circuit. They 
include the time ci.l1y involved in changing the 
output level from one kwlfc state to another . 
In eddition. they include the time rtquirwd for th• 
output of 1 circuit to respond to tht input ti.,.al, 
designated • propagation delay. or llCCftS time, in 
the cne of memorin. Since thi1 t1rm1nology h11 
varied over the y1.,1. 1nd becliUM the .. condnion1" 
M1oci1ted with 1 perticular par8mettr mmv differ 
among logic lamilin, tha common MECl .....,. 
form 1nd prapegat1on detay terminolog.es ..-e 
c:t.picted in Figure 9. Speciftc rise. fall, and PfoP· 
191t1on delay 1imn .,, fiven on tht dl:te thfft 
tor each SP«ific function .. bfoc•. but like tht 
tr9ftlfer cherecteristics. IC parameters art temc>er1· 
Nfl and YOftage dependent. Typical wari1tion1 tor 
MECL 10,000 •re givM in the curves of f'9ure 10. 

SETUP ANO HOLD TIMES 

Setup and hold timn •• two ec perame1et1 
which can easily becontuseduntenclurlv cJ9fuwd. 
For MECL logH: devicn~ t18rup i1 the minimum 
time (50% - 50"1 before th• pasitive tran1itton of 
the clock pulse CCI thlt infOflTlation must be prn-

... '" 
MECL Ill Riw and Fall Timn MECL 10,000 Ri• and Fall Tim• MECL ,._ioft Delay 

FIGURE 9a - TYPICAL LOGIC WAVEFORMS 
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a FIGURE 9b - MEMORY CHIP SELECT ACCESS TIME WAVEFORM 

10 .. 

FIGURE 9c - MEMORY ADDRESS ACCESS TIME WAVEFORM 

->-• -A4 ... J 

Va1.l ...... LY YOLTAOI IYOLTll ..... __..,., .... 
FIOUlll tllol -TYPICAL PlloPAOATION DELAY t-- -

V11 AND TEWEllATUllE IMECL 10,DOOI 

V11.luH'L'f VOLTAOltYOLTll 

FIOUllE IOI - TYPICAL FALL TIME - to 1°"1-
TIEMPlllATUllE AND SU"'L Y VOL TAOI IMECL 10, IOOI 
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~ 
c . 
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•• ... 

-l • -4 .. 

'v11.1UH'LV VOLTAOI (VOLTSI 
............. t9d •pct 

FIGURE lillll - TY,.CAL PROPAGATION DELAY t++ -
VEE AND TEMPERATURE IMECL 10,0001 

Y11.SVrPl.Y VOLTAQl IVOLTSJ 

FIGURE 10d - TYPICAL RISE TIM! l101!o to I01!ol vonu1 
TEMPERATURE AND SU,..LY VOLTAGE IMECL 10,1001 

tenr •t the D•t1 input (01 to insure proper cpera .. 
tion of the device. The thold i1defined1lmlfarfy • 
the minimum time after the positive transition of 
tht clock pulse (Cl th11 the information must 
remein unchanged at the Oita input (0) to insure 
proper oper•tion. Setup end hold waveforms for 
logic devicts are 1hovvn in Figure 111. 

D 

c----1--JI 

FIGURE 11a - SETUP AND HOLD WAVEFORMS 
FOR MECL LOGIC DEVICES 

For MECL memory devices. 'setup it th• mini­
mum time before the negative transition of the 
write enable pulse (WE) that information must be 
present 11 the chip select (C$), Oita fO), end 
eddreu (A) inputs for proper writing of the select· 
ed cell. Similarly 'hold it the minimum time aher 
the positive transition of the write enable pulse 
(WE) 1hat the information must remain unchanQed 

It the inputs to insur1 proper writing. Memory 
letup Ind hold waveforms are shown in F 1gur1 
llb. 

In .-cifying ct.vices. Motorol• es.t1blish" end 
tu•rentHS v•lun tshown 81 minimums on the data 
lh~tsl for •Mtup end 'hold· For most MECL cir· 
cu111. praper device cwera1ion typically occurs with 
the inPUtl PflMnt for tomewhat lftl time than that 
specif ild for '•tup and 'hold· 

TESTING MECL 10.000 lfld MECL Ill 

To obtain results COJrtlatint tflfith Motorof1 cir· 
cuit 1pecification1 certain tett techn1que1 mutt bl 
uMd. A 1chem11ic of • typtcal pte test circuit it 
shown in Figure 12a. and a typtc.f ~Y tnt 
circuit in FJoure 12b. 

A IOI ;d pound plane It uwed In 1he 1"t •tuP, 
end c1PKi10<1 bv-• vcc1• vcC7. - Vee pins 
to pound. All -r leodl .. d aignol loedl or• 
kept " short os pou;blt. · 

Tht umpHng ocDPt ln1Wf- runs directly to 
th• 50-ohm Inputs of Chonnel A - B via !50-
ohm coa•ial .. blo. Equtl-lenflth couial cabin 
mu11 bo used bol_,, tha Int Ml °"" lht A °"" 
8 ICQPe inPUt1. A 60-ohm COii• c.abte tueh • 
RG58/U or RG188A/U, ii recommended. 

Interconnect linings thoutd bl 50 ohm GA,, 
INC. Stelectro Conhex. or equiv8'ent. Wire Jeneth 
should bo < 14 inch from TPin to input pin .,d 
TP out to output pin, 

FIGURE I lb - SETUP AND HOLD WAVEFORMS 
FOR MECL MEMORIES IWRITE MODEi 
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a The pulw l)lfte'rator must be capable of 2.0 ns 
rise Md falf rimu for MECL 10.000 and 1.5 ns for 
MECL Ill. In adchuon, the teneraitor \IOltage must 
have att ofh•t 10 give MECL sigNI 1wi091 of ~ 
tAOO mV about • threshold of ~0. 7 V W'lhen 
Vee • +2 0 V and VEE • -J.2 V lor ac ln1•"9 ol 
logic devtcft. 

The po- supohn •• lhihlld +2.0 V, ., '""' 
the dlvtee un<Mr ten h• only one rest11or v.lue to 
loed •nto - th• prectS•on SO-ohm input 1mPfdlnce. 
of the umpli~ ote1Uoscope. Ute of th11 1.chn1que 
yields • close correletion between Motorola .,.d 
customer tftll"t. Unused outputs are I01ded with• 

SO-ohm '"'''°' UOO-ohm for MIL 1emp de\rice1I 
10 ground. The P<>titivo suPQly fVccl should be 
docouoled lratn rho 1es1 ho.rd by RF type 2s,.F 
ac>aenors to ground. Th9 V CC pins •• bypnsed 
10 ground wuh 0.1 .,F,n 11 tho VEE pin. 

Additionol inlorme1i0n on 1nti"9 MECL 
10.000 end undentondong dale thttll it found In 
Aoplical•on No1n AN-579 and AN-701. 

vcc .. a..-

CSt CSJ 
·'o 

CSJ .. ., . , .. .. 
•• o..,, .. 

0--+-----1 D"" Wl 

I 
I a, 

• 
I .. _______ 'llQ __ J 

•.• ,.p 

•I.IV• 

c .......... 
............ 'Ml.-, ••. ........... _ ......... . 

···11 ..... _,,....,_, 

•co•• ~o.:, .. 
r-----~ ~' ; :' 

~Vt.SI t -

flt"'l".tt.'0" r"<JC--T~ 

iQ·-r' 
•9 -· ~ ..... VJ , 

•JOY .JJY 

vcc "" 

NOTE: All po""•' supply levels are shown Shifted 
2 volts POlitive. 

FIGURE 12a - MECL LOGIC SWITCHING 
TIME TEST SETUP 

.o.o~---•N•Ut .. VILS 
-----·--------- 8°' _,·:: --------------- ~~ 

!'. ,, .. 2.0 ... ..,. •. 

AM.._...._~,......,.." '•'MWked to SO-. of •"D"'' '......,, 
lllT • IO 0 

CL < t.O •• liM""'d'"e ,._ _.., nr.,. c-..clt.-.ceJ 

a-.,.....,.. .. .,.,..,.. 30 W•• ,., c•ec•t1 .. foed .... 10 SO pP: 

FIGURE 121t - MECL MEMORY 
SWITCHING TIME TEST CIRCUIT 
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SECTION 111 - OPERATIONAL DATA 

POWER SUPPLY CONSIDERATIONS 

MECL circu1u .,, chaf.cterized w••h tht Vee 
point " ground poten1111 and the VEE point It 
-5.2 V. While this MECL convention is not necn· 
S.tflly m1nda1ory. it does result in m•JCimum noise 
immunity. This ts so because 1ny noise mducHI on 
the VEE lme is 1pphed to the ClfCu1t H a common· 
mode signal which it rejected by the d1ffefent~I 
action of the MECL input circuit. Notte induced 
into the V CC ltne is not cancelled out in th11 
fesh1on. Hence. 1 good sys.trm ground •t the Vee 
bus is requifed fo, best no•H irnmunity. 

Power supply rt£ulatton whtch will achieve 10% 
regulation Of be11er et the device fh'ef i1 recom· 
mended. The -5.2 V power suppty i>otentJal witt 
result 1n best circuit ~. Other values fOf VEE 
may be us~. A more n~ative voltage wifl incre•se 
noise margins at • cott of increased po"Nef d1H1P1· 
r1on. A less negative voltage will have just the 
opposite effect . 

On logic cards. • ground plane or ground but 
svstem should be used. A bus sy11em should be 
wide enough to prevent s.gn1hcant volt• drops 
betiNeen supply 1nd devict •nd to produce • low 
source inductance. 

Althoogh little power supply noise is generated 
by MECL logic, Power suppty bypass capacitors are 
fecommended to handle sw1tcttin9 currents caused 
bv stray capacitance 1nd asymmetrie circuit 
loading. A parallel c.ombination of • 1.0 .,F and 
1 100 pf capacitor et the pow9f' entr1nce 10 the 
bo1rd. ind a 0.01 ,,F low-induct1nce c9J)acitor 
betwffn ground and tht -S.2 V line every four 
to six packagrs, are recommended . 

Most MECL 10.000 and MECL Ill circuiu have 
two Vee leads. Vcc1 supplies current to the out· 
put transistors and Vcc2 is connected to the 
circuit logic transistors. The teparate Vee pins 
reduce cross-coupltng Mtween mdivtduel cucuus 
wtthin a package when the outputs ere drivi"9 
heavy loads. Citcuiu with large drive ces:Mbilitv. 
similar to the MC10110. h•ve two Vcc1 p1n1. AU 
Vee pins should be connected to the ground plane 
Of ground bus as close to the package •t possibte . 

For further discussion of MECL PDvvtf supply 
con1ide,at1ons to be made in svstem designing. lff 
MECL System Design H1ndbook. 

POWER DISSIPATION 

The power dissipation of MECL functional 
blocks it specified on their retPKtive d1t1 sheets. 
This specification dofl not inctude power dit· 
sipated in the output devicn due to output ter· 
m1nation. The omission of internal output pull· 
dovvn resistors permitl 1h1 use of extem1I ter· 
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rninaniont Mifned to yield bnt 1Y1tern P9ff0t'· 
manct. To ob11in tot.at oper1ti"9 power diuiptnion 
of 1 perttcular functionel block in 1 system. the 
din1pation of the output tflntistor. under load. 
must bt .ctded to the circuit power dit1ipa1ton. 

The tebl• in F19ure 13 hits the~ diuipetion 
fn the outPul 1r1n11s1or1 plus 1hat in the ••ttrntlf 
terminating rnittor1. for th• more commonfy uMd 
termin1t1on Yelun and circuit conftgure~tom. To 
obt•in true peck191 pawer d1t:11pat1on. one output· 
transrstof po_...r-d111ipat1on YllfUI' mutt bl added 
to the Sf)9C1hed peckeQe powwr dtH'Patfon for Adt 
••ternaf termtnet•on rffistor used in conjunctton 
with th•t peckage. To obtain systHn l)OWl'1' dfl· 
sipat1on, the stat~ d111.p111on ;n the ••t•rt\lt 
terminating r9'1s,1ors mutt bt ~ed as ~I. 
Unused outpuu drew no powtr end may be 
ignored. 

- ,_..,. ,_ R-• - -, .. _ ... - -R-..orv111ve 1-1 ,_, 
150 ohm. to -'10 Vdc so •:J 
tOO Ohrm 10 ·'10 Vdc 15 ., 
1S ohms to ·2 0 Vdt 10 81 
50 ohmt to 2 0 Ydt ,, 13 

20kotwns10Vee 1& 11 

1 Ok ohm to VEE •• 15 • 

680 °"'""to VEE 1.1 n• 
SIO Ohml 10 Vee 11 302 
270 Ohms to VEE 11 J 512 

a2 omns to Vee 8"d 15 140 
130 ohm1to Vee 

FIGURE 13 -AVERAGE POWER 01$SIPATION 
IN OUTl'UT CIRCUIT WITH EXTERNAL 

TERMINATING RESISTORS 

The _, dissis-lion of MECL lunctionol 
bfockl vwrift with both temper8ture and VEE· 
Typtcel wriatt0ns .,. shown ,., f iOUf• 14. TM 
grapll it no<maliHd so thll it IPQfies 10 Oii MECL 
lines. The reference temperature it 25°C end 
th9 reference pow.r is obtained by multiplying the 
typical 1e wlue hotal ~' suppty drain curr•nt 
SPK•l•lld on th• dalo ,,,_,by Vee IS.2 VI. FO< 
thow devtcn where onty ow ma•tmum ,...,.,.. of 

•e is ~ified on the dllt1 "'"'· tvP•C9i l)C)Witr 
dissipation i1 8PP4'0• imately 8<nl. of th11 eakulatld 
wi1h the le fma,.J IC)ee1ftcahon. 

a 



-

·1 
l 
,! 

•• . 
• 
. 
. 

• -H 

l . .1 •.. ~ •• I 
I lji 
l 

:TO• : 
l '--; 
. .. .---, 

I ; I -, 
1 I -···=::::::z:::::i ... ' 

-Jt v 

' 
_,.,, 

I 
-H •II .... 

'•· ........ ., ,. ........ .," •• •-C• 

FIGURE 14 - NORMALIZED POWER 
DISSIPATION._, TEMPERATURE 

AND SUPPLY VOLT AGE 

LOADING CHARACTERISTICS 

The d1ffer1nt•I tnput to MECL circuitt otters 
....,.. ~vanti19t1. Its common·mod•·r11ect1on 
f1•ur1 offers 1mmun1ty aoamst power·supply 
norM 1n1ectt0n. and its r•l•tnrely high input 
~nee nwlr.es it po111bl1 for anv c•rcu11 to 
drive • relatiwty twge numbef' of inputs without 
de11rioratton ol the guar1ntHd noise margin. 
Hence. de fanout with MECL circu1n does not 
-molly P<tsent 1 d"'gn problem. 

Graphs shOW•"I typ.c:al output wolt-O- level1 
• a lunctM>n of toed current for MECL Ill and 
t0.000 art lh~n 1n F1gur1 15. TIM1e pephs c1n 
bt UMd to d111rmu» the actual ouo>ut volt"91 for 
to.ds 1xeeed1ng normal operation. 

Whtie de toad•"9 c..uses a C~91' in output 
wott8ge fftell, thereby titnd1ng to altect noise 
rnergtnt. K lolld1ng incrus" the capec11ances 
MIOC .. tlld with the c"cu1t and. therefore. affects 
circun tPHd. pt'imarily riM and f•lf times. 

MECL 10,000 and MECL Ill circuill typically 
hew • 7 ohm output imp9d•nce •nd are relativ .. y 
unaffect~ by capacitive loading on • pos:itiw· 
toint output signal. However. tM negati.,..go1nt 
edge> 11 dllpendent on th• output pulldown or 
termiNtion rnistor. lo.di119 dose 10 1 MECL 
output ptn wtll cause .,, edd1t1onat propagation 
dofay ol 0.1 ns - fanout load with a 50 ohm 
rn11tor to -2.0 Vdc or 270 ohms to -5.2 Vdc. 
A 100 ohm resistor to -2.0 Vdc or 510 ohms 
to -5_2 Vdc rnuttt in"" «lditionel 0.2 n1 propagm· 
tion del1y per f•nout load. 
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OO•Dl• .. l~•f'flllTl, ....... ,.o"''O 10VG<•:t~0c 

"out l"'Ol fll 

•lOAO l • .. 11 •O• Tl ,_.,.,.._T•OJI fO "'II • · t 1 "'°'' Jt-C-

FIGURE 15 - OUTPUT VOLTAGE LEVELS 
...... ,oc LOADING 

Terminated trantmission line signal inter· 
connections are Uffd for best MECL 10.000 or 
MECL 111 system performance. The propagation 
delay and rise t1m1 of 1 driving gate ire affected 
"9f'Y liule by capacitanc• loading along a matched 
par1lfeHerminated transmission line. However. the 
del•Y and characteristic impedance of the trans· 
mission line itself ara affected by the distributed 
capacitance. Signal pr~ation down the line will 
be increastd by a factor. V 1+CdtC0 . Here C0 is 
the norm.a intrintic line capacitance. and Cd is the. 
distributed capaci11nc1 due to lo~ing and stubs 
off th• line. . 

Ma•imum 1tloW1ble ttub l•ngths for loading off 
of• MECL 10.000 transm1uion line vary with the 
line impedance. For example, wf1h Z 0 • 50 ohms. 
maximum stub length would be 4.5 inches 11.8 in. 
for MECL 1111. But when Z0 • 100 ohms. tho 
mex1mum allowable stub length is decreased to 
2.8 inchn 11.0 1n. for MECL 1111. 

The1nput loadifi9CaDacitanceofaMECL 10.000 
pH is about 2.9 pf and 3.3 pF lor MECL 111. To 
lllOWV for tht IC connector or solder connection 
and I short stub length, S to 7 pf is commonfy 
uNd in loading calcul•t1on1. 

UNUSED MECL INPUTS 

The input 1mped1ttce of 1 differenh•I amptifier • 
IS used 1n the typicel MECL 1npu1 circuit. 11 very 
high when the applied signal level is tow. Under 
low·s1gnal cond1t1ons, therefore, any leakage to the 
input capacitarte@ of the gate could cauu 1 gradual 
buildup ot voltage on the input lead, thereby 
adversely •ffect•ng the switching ch•racter1sttcs 
at low repet1t1on rates 

All single·ended input MECL logic cfrcuiu 
contain input pulldown resistors betwt!'en the input 
transistor bases and VEE· As a result. unused 
inputs may he teh unconnected (the res11tor pro· 
v•des a sink tor •ceo leakage currents. and tne>uts 
are held sufficiently negative that ctrcuits will not 
U1gger due to noise coupled into tuch inpu111. 
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Input pulldown resistor vetuet are typically so 
kn Ind art not to be used as pulldo.,.,, rftfJtori 
for precedinq OJMm4mitter outputs . 

5.,,., 11 ME CL d .. icn do not haw input 
PLllld<Mrnt. E ••mole1 mre the differential line 
receivers. ff • single differ.ntiaf r~1ver within 1 
PICkaqt it unused. one inpu1 of that receiver mutt 
!>- tted to the Vee pin provilHd, and the other 
input ~ to Vee Also. MYeral MECL memoritt 
do not have input pulldowns on 1U inaut1. 

S.Vtraf MECL circuits do no1 operate PtoP4trfV 
when inpuq ere connttt~ 10 Vee for 1 HtGH 
•oo•c lev ... Praper dtt1gn practice is to Mt a HIGH 
,...,el 8$ •bout -0.9 YOl11 below Vee with. retistor 
d1v1der. •diode drop. or an unuMd g.ate ou1put. 

a 



• SECTION IV - SYSTEM DESIGN CONSIDERATIONS 

THERMAL MANAGEMENT 

Circuit perform•nce and lont·t•nn circuit 
r.t111btltty •• •fftcted by d .. temper•ture. Nor· 
molly. both are Mnprove<I by k-•nt the IC 
junction t.mpera1urH tow. 

Etecuical power dis11p11MI in 1ny int•••ed 
cncu•t ii 110urc1 of heat. This heat source increases 
the temper1tur1 of th• dte r1l1hve to some refer· 
1nc1 point. notmatly the .,m, .. nt temper1tur1 of 
25°<: tn 11m att. The temperature 1ncr11se. then. 
dlpeAdl on the aonount ot poW9t d1111pated 
in tht circui1 and on the net therm• res1ttanc1 
between th• heat source and the r•ftrtnc• point. 

The temperature et tht iunctton 11 • functton 
of the peckag•nt and mounhng system's llb1lity 
to remove heat g1ner1ted '" th• c1rcu1t-hom th• 
1unchon region to th• .-nbtent environment. 
The base formula laJ tor converting P<h""i' dissi· 
petton to nttmltecl 1unction teniprrature 11: 

TJ. TA+ PolfJC. fcAI (1) 

.. -. 
T J • ma•imum Junct.on temper1tur1 
T /4. • maximum ambient temperature 
Po • celculated muumum power d1ss1pation 

including 1ffecn ot eiuernal loads (lft 
Power 01111petton m sec:tt0n 1111. 
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i JC • a..,.rage thermet rtt1tt1nc1. 1unct1on 
to case 

icA • average thermal ret11t1nce. case to 
ambient 

i JA • average 1h1rm11 r111s11nc1, junction 
to ambient 

This Motorola recommended formula hat been 
approved by RA.DC and DESC for calculating 
1 "'precuc:al .. maximum oper1ting 1unct1on tlm· 
poroturo 10< MIL·M-38510 IJANI MECL 10.000 
devtCll. • 

Only two terms on the right sMJe of equation Ct) 
can be varted by th• uHr-the ambient temperature. 
and th• devtee ca11-10-embt1nt thermal res111ance. 
JcA· tTo some ••t•nt the devtce Power d1ss1pa11on 
can be elso controlled, but undlf recommended 
use the Vee supply end loechng dictate a fixed 
power diss1petion.t 801h syttem air flow and the 
package mounting techmque affect the icA 
thermll res11tance term. 8 JC is essentially indepen· 
dent of atr flow 1nd external mounting method, 
but ii 11n111iY1 to package material. die bonding 
method, end d .. aftl . 

For applic1t1ons where th8 caw is held at 
enantially a fiaed temperature by mounting on 
a large or temperature-controlled heat sink, the 
ulim1t1d junction temperature is calculated by: 
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FIGURE 11 - THERMAL RESISTANCE VALUES FOR STANDARD MECL IC CERAMIC PACKAGES 
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where Tc • maximum case temperature end the 
other parame1en are as previously defined. 

Thi maximum and average thermal resi1t1nc1 
values for standard MECL IC packages are given 
in figure 16. In figure 17. th11 basic datl it con· 
verted into gtaph1 1how1ng the maximum power 
d1H1pa11on allowable at vanout amt>ieni t.mper1· 
tures 111111 airl for cucuiu mounted in the different 
pac.kage1. taking into account the ma•imum per· 
m1ss1ble operating junc1ion temperature for long 
term life(;,.. 100,000 hourtl. 

FIGURE 170 - AMBIENT TEMPERATURE OERATING 
CURVES !CERAMIC OUAL·IN·LINE PKGI 

11'' lrt• 
,,,_ ,,..,,._, HwtHTUl( ~ st1ua1• 191:• 

FIGURE 17b - AMBIENT TEMPERATURE OERATING 
CURVES CCERAMIC FLAT PKG) 

AIRFLOW 

Th• effect of air flow over the pecka911 on 1 JA 
Cdue to 1 decrease in icAl ii iflustrated in the 
9r1phs of F1gurt 18. Th11 air flowiw reduces the 
thermal rH1stance of the package, therefore 
permitting a corresponding increese in power d1Hi· 
pat1on without e•ceed1ng the ma•1mum permissible 
operatrnG 1unction temperature . 

As an example of the use of the information 
' .t>ove, the maximum junction temperature for 

I 16 lead ceramic dual·in·linl peckaged MECL 
10.000 quad OR/NOR Oatt IMC10101LI loaded 
with four 50 ohm loads can be calculated. Maxi· 
mum total power dissipation fincluding 4 output 
loadsl for thi1 quad gate is 195 mW. Auume for 
this thermal study that air flow it 500 linear feet 
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Pl• minuto .. From Figure 18, 1JA ~ SOOC/W. With 
TA lair flow temperature et the device) eQual to 
250C, the following maximum iunction temper· 
eture rnults: 

TJ •Poff JAi +TA 

T J • C0.195 WI C500C/W + 25oC • 34.lloC 

Under the llbove -otint conditiont, the 
MECL 10.000 qued pt• hn its 1unction ei .. otod 
lbo¥1 ambient temperature by only 9B'?C. .. 

'"'\" , ....... "7J'.= f--! 

' 
~1!"_ f--! . -.;;;::: ......... u...-

~ ........... J ... J .... L 
-~"'''( t-!-- ~ ::r f--! 

.. l ... 1•--1 
.. l•t•1·-.... ~-1-~ 

" ..... rt .......... , ....... 
..... JA ............ t-. 

,. .. - - -
FIGURE 110 - AIRFLOW-THERMAL 

RESISTANCE !CERAMIC OUAL·IN·LINE PKGI 

. ..... ,l ............... -. ...................... ,.,,.. .. ,._ 

FIGURE 111b - AIR Fl OW..,.,. THERMAL 
RESISTANCE !CERAMIC FLAT PKG) 

Even thouoh different device types mounted 
on 1 printed circuit boerd may em:h ha\11 different 
Power dltsipations, all will haV9 the same input and 
O\ftput levels provtded that each is subtect to 
identical air How and the same ambient air 
temperature. Thtl eases detitn. since the on1y 
ch1nge in lt'Yell between devicfl is d\19 to the 
incre111 in ambient temper1tu'" n the air pan•• 
over tht devicft, or d•tferencn in ambfent tern· 
perature betwMn two devices. 

The mojority of MECL 10.000. 10800, end 
MECL Ill "'°'' employ tome IOfm of oir-flow 
cooling. As 1ir PHMt ovet each dl-vfct on a pf1ttttd 
circuit board. it 1bsorbl heat from nch paci-;•· 
This hHt grlldtent from the fust pack-oe to th• tast 

-
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p.tekage is a function of the air flo""' rmte and 
... individual peck1ge d1uipation1. F1gurt 19 prov•del 

•a<Sient data at power lewls ot 200 mW. 250 mW. 
300 mW, and 400 mW with an alf flow rat• of 
500 lfpm. Thew figurn thOtlf the proportionate 
inert .. 1n the 1unc1ton tem.,.,ature ol tech dual 
in·hne peck ... as the air peues over tlCh device. 
For higher ratn of atr how the chanoe in junction 
temperature from peckage to package down thl 
llitstrNm wtH bt lower due to greater coating. 

_.,_ ...._tioftT ...... etureGr.-..C ·-I lo~-1 

200 04 
250 01 
300 ()_6.l 
400 088 

o.w ... moune.d on 0 061' JIC bNrd ..,..,_ Z .... .,_..,.al 
01 ... A• ,._..soo ""'" "°"ltt.eZ •• 

FIGURE 19 - THERMAL GRADIENT OF 
JUNCTION TEMPERATURE 

(111-f';n MECL Dull ln-L;ne Pld<-1 

THERMAL EFFECTS ON NOISE MA'llGIN 

The data sheet de IC)9C1fic1tion1 for 1t1ndlrd 
MECL 10,000. 10800. and MECL Ill dovitft oro 
gnren for an oPl'r1ting temperature ran99 from 
-30°C to +85°c 10° 10 • 75°C tor memortHI in 
f,guro 6b ond 6c of Sectoon II. TECHNICAL 
DATA. These values art based on hav1n9 en inflow 
of 500 lfpm over IOCket or P IC board mounted 
peckagitt with no IP«•• halt 1ink1no (i.e .• duef·fn· 
hne pack199 mounted on t•lld ••t1n9 pl1ne with 
no contact IMtwMf\ bottom of pack~ •nd socket 
Of P1C board Ind flat PKkegt mount9d with 
bonom .,, direct contlCt with non-metallized 1rH 
of PiC bo.,d). Urtder rhne cond1tlon1. ldequate 
cooltnt is PO•lded to keep the m1•1mum oper1hn9 
;.inctH>n tampereturn below 14S°C for MECL Ill 
mv..- ty- 1666-1670 ond below 1ss0 c tor an 
other MECL devoee ty-. 

The dftoVMr may -nt to - MECL dllVieet 
unc:ter conditions othfl thin thaw •wen abo"9. The 
m11ot1ty Of the to.w~wer devtCe IYPft mey be 
uted wnhout air anCI with highlft" iJA· However. 
the dtllgner mus1 beer in mind that ju net ion 
temperaturn wilt be tugher for htvher 1JA· even 
thouth me lml>wnt temPeratur• t1 the ume. 
Higher junctton temper1tur" will CMIH l09ic 
-StOsh•lt. 

As an ••ample. • 300 mW 18 lead du•l·in.fine 
corornic dovico -•ted n BJA • 100°c1W lin 
11111 1it) thaws a HIGH log.c level lhih of about 
21 mV •Ix> .. tho HIGH logic lovef when oper11ed 
with 500 lfswn •r flow end • i JA • so°C!W. 
(Lovet stult • .l T J x 1.• mv 1°c1. 

If toge theft of lnd••eduaf ct.vie:ft shift by 
dolleront ornoun11 lclot»nd1ng on Po ond e JAi, 
noiM m1rgins are tomeWhat reduced. Therefore. 
the Systitm dnr.,..r mutt lrt out his 1ystem 
bNung 1n mind that the mounting proce<1ur•1 to 
be UWd lttoutd m1n1nuz1 tft1rm11 effects on 
no•M m•gin. 
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The following sections on pack1ge mounting ind 
heet sinking are intended to provide the designer 
with sufhcent inform•t1on to insure good noise 
m•g1ns and hioh reliability in MECL system use. 

MOUNTING ANO HEAT SINK SUGGESTIONS 

With terge h'fh·IPffd logic sy1tem1. the UM 
of multtl1y1r printed cucu11 bo9rdt ii recom· 
menct.d to provtdt both • better ground plene and 
a good thermal path for he1t d1st1pation. Also. a 
multilayer board allows th• uM of microstrip hne 
techn1qun to provide tran1mi11ion line inter· 
connect1on1. 

.. 

Two-sided printed circuit bcnrdt may be used 
where board d1men11ons and packagt count are ' 
small. If po111bl•. the Vee ground pt1ne should 
face the bottom of the package to form the 
therm .. conduction plane. II t1gnal hnn must be 
pieced on both sides of 1he board, th• Vee plane 
may bl used 11 th• thermal plane. and at lhe same 
hmt may be used as a pseudo ground plane. The 
pseudo ground plane becomn the IC ground 
reference under the signal lines placed on the same 
11dl n the Vee ground plant I now on the oppas1te 
1Jde of the 00.rd from the packages). thus m1in· 
ta1nin9 • m9c:rottrip signal hne environment. 

Twvo-ounce copper P/C bo1rd ii rec:ommtnd@d 
for therm• conduction and mechanical strength. 
Also. mount.ng hOIH for low power devic11 m•y 
bt countersunk tO allow the peckage bottom to 
contact th• heat plane. Th11 rKhnique used along 
with thermet paste will provide good therm•I 
conducr1on. 

Printed channeling is a useful technique for 
conducrion of helt away from the packages when 
the devices •re soldered into a printed circuit 
board. A1 illustrated in Figure 20. this heat dis· 
1ipation method could also serve as Vee voltage 
distribution or • • ground bus. The channets 
should terminate into channel strips at each side 
or th• rear of • plug-in type prinred circuit board. 
The heat can then be removed from the circuit 
board, or board slide rack, by means of wipers 
that C0"'9 into thermal contact with the edge 
channels. 

FIGURE 20 - CHANNEL/WIPER 
HEAT SINKING ON DOUBLE LAYER BOARD 

For operating some of the higher power device 
types• in 16 lead dual·in·line packages in 11ill air • 
rtquiring °fJA < 100°ctw, •suitable heat unk is 
tho IERC LIC-214A2WCB shown in Figure 21. 
Th11 sink reducn the stilt air TJA to atound 
55oc1w. By mounting this heat sink direc:tly on 1 
cope>tr ground plane (using silicone pntel and 
passing 500 lfpm air over the package1. TJA it 
reduced to app1oximately JSOC/W, pe,mitting UM 
It higher ambient temper1ture1 thin +850C 
(+ 75oc tor memories} or in foW9dng T J for im· 
proved reliability. 

FIGURE 21 - MECL HIGH-POWER 
DUAL·IN·LINE 

PACKAGE MOUNTING METHOD 

It should be noted thet th• uw of a heat 1ink 
on the top 1urfece of the dual-in-line package i1 not 
very effective in lowering the "iJA· This fl du• to 
th• location of tM die near th• bottom surface of 
thepockoge. 

Also, very 11111• (< 10%1 of tho in10rnol hoot ;. 
withdf.Wn through th• PICk-V- leads due to th• 
itolation from tha cer1mic by the tolder 9ln1 
seats 1nd the limited heat conduction from tht die 
through 1.0 to 1.5 mil aluminum bondin~ wirn. 

INTERFACING MECL TO 
SLOWER LOGIC TYPES 

MECL circuits are int1rfece1bt1 with most 
other logic forms. For MECL/TTL/OTL inter· 
faces, wvhen MECL ;s op.,1ted at the rec:ommended 
-S.2 volts and TTL/DTL It +5 V 1upply. currently 
evaitable trant.lator circuits. such is the MC10124 
end MC10125. moy be ulld. 

For 1yttems where o d.,.I supply 1-5.2 V end 
+5 VI ii not proetteal. tho MC12000 includes o 
single supply MECL to TTL ond TTL to MECL 
translator. or 1 discrete component tr•nstator un 
be designed. For details. sea MECL Sy11em Design 
Handbook. Such circuits c•n easily be made fest 
enough for eny ava1l1bl1 TTL. 

MCH~. 1671. Hl9•. 10128. t0129. 10'38. 10137, 
10117, 10182, •nd I08a.. M•• Po> 800 mW 

MECL alto interfaces readily with MOS. With 
CMOS oporoting ot +5 V. ony of the MECL to 
TTL u1nsl1tor1 works very \l'dfl. On the other 
hind, CMOS will drive MECL direct1y when using 
o common -5.2 V supply . 

Specific circuitry for UM in imerfacing MECL 
temihn to oth•, Joete types ts oiven ir'I detail in the 
MECL System 0..ign Hon<lbook. 

Compt"" MECL 10 .000 functions are -ntly 
""°'loblo to intorleco MECL 10,000 with MOS 
l09ic. MOS m.mou... TTL thrH-ttete circurt1. 
ond IBM bu1 logoe lovols. SH AppliUtion Noto 
AN-7:20 tor eddit1onal 1nterf1e1,.. info"netton. 

CIRCUIT INTERCONNECTIONS 

Though not nec"Arily nwntief. the .,.. of 
mu1ti11ver printed circuit boerdl offers • numbet 
of 9dvantage1 in the devetoonwnt of high·tPMd 
togtc cards. Not only do muftilrttr boerds achtwe 
a much htghtr pedr.ege density. imerconnec:tfnt 
leads are kept ""oner. thus mintmizing PfoP.­
tion d-'tY betwHn peckqn. Thit it Pllr11Cul•r1y 
benefictat with MECL Ill whtch "81 refetiwty f•f 
(1 "'' ri• Ind fall timn. Moreover. th• unbrokM 
ground planes mm. pouible wirh inu1ti:leyer 
boauJ1 permit much more prtic1• controt of tranto­
mi111on tine imped•ncn when th .. Ire UMd for 
interconnecting purpoSft. Thus mulriteyer boardl 
ere recommended for MECL Ill tayouu er'(f Mt 
justihed wvh•n OPtrettnt MECL 10.000 at toP 
circuit IPH'd. when high-density peckaotnt ii a 
requirement. or when tr1ntm1tion line inter· 
connects •rt Vied. 

Po1nt·to-pafnt beck.pfltte Wifi"t without 
m1tched line ttrmi~t0n1 ,,,.ay be employed for 
MECL interconnectton1 if line runs•• k~n thort. 
Al MECL 10.000 --"· this tpplin to line runs 
up to 6 mches. end tor MECL Ill up to f inclt 
(maximum open wut l~hl tor '"9 than 100 mV 
undershoot). But. bec:1us1 of the open..,1n..­
ou1puu of MECL 10,000 end MECL Ill c"cuits. 
pull-down l'ftistc>•S aro 111 ... YI req<11 ..... Se.ofol 
way1 of connecting such put14owtl rnfttOft 9f9 
shown in fi.,re 22. 

Resistor vat""' for the connection in Fitwl 22a 
mey rongo from 270 ohms to 2 kfl -nd•"I on 
-r ond lood req<1i,..,,.nts. IS.. MECL Sy11om 
Onign Handbook.I Pow. may M •wed by con· 
n«tino puO..Qown rfli1tor1 in the renoe ot 50 ohms 
1100 ohm min;mum lor MCI0,500 ond MCIO.l!OO 
Sorin porlll to 150 ohms. to -2.0 Vdc • ., shown 
in Figure 22b. Use of • Hfift dampint fft•ttor. 
figure 22c. will extend permi•ibJe len0th1 of 
unm1tched·impedl°" int1rconnec1ion1. with tome 

loss of odgo _..i. 

With proper - of 1IMI ,.,;es domt>;ng 
resistor. line lentths can N 1111•nded to any 
leflgth, •• while limitint ovenhoot •nd uM*1hoo1 
10 • predetermined emoun1. Damping rn•itorl 
uiually renge in value from 10 ohms to 100 ohrnt. 
ct.pending on the line lenoth, fanout. and line 
impedance. The opert emitter-follower outPUtl of 
MECL 111 ond MECL 10,000 D"'" 1llo fYll.., 
dn•QM"r all possible hne dri¥m9 op1iont. 

• • LtMited only bY hne euenustton .,.Cl Mnd 
Width t:"9r.ct•o•t•C• 
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FIGURE Z2 - PULL-DOWN 
RESISTOR TECHNIOUES 
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One m.iror ad•arttap of MECL over 1a1ur1ted 
lotte ti t11 cepeb1l1ty for dr1v1ng ma1ched-1mpedanc• 
tr1ntm1t11on hnes. Use of tJ•nsm1u1on l~nes re111n1 
11en• 1nte9nty o~r tong d11tances. The MECL Ill 
end MECL t0.000 em1uer-f0Howiver output tran111· 

tort w1H drt"9 1 50-0hm cr1n1tn1H1on ttne ( 100 
ohm1 Of 1<Ht0< IOI MECL 10.500 Ind MCI0.600 
Str .. tl terminated to -20 Vdc. Th11 11 the .clui· 
velent current load of 22 mA in tht HIGH loge 
state and 6 mA 1n the LOW 1111e. 

P1r1ne1 1erm1n1tion of transm.nton ''""can be 
done 1n two ways. Ont. • shown in F1tur• 238. 
Vlft 1 •""91• rn11tor whoW value is equal to the 
impedance (Z0 » of the line. A ttrm1n111nti volt-ie 
IVTTI of ·2.0 Vele """t bl Mlpplied to the 

tefmwqune '""'°'. 
Anoth« me1hod of 119r1Hel termination usn 

• ,.., or resistors. R 1 and R2. F 1gure 231> 1llustr1111 

thtt me"'od. The f0How1n9 two equ8t 1on1 are uud 
IO cek:ul111 lhl valUll ol Rl Ind R2: 

RI• 1.8Z0 

R2•2.8Zo 

FIGURE Z31- 'ARALUL TERMINATED LINE 
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FIGURE 23b - ,ARALLEL TERMINATION 
-THEVENIN EQUIVALENT 

Another popular approach ii the ser11s­
t1rm1nated transm1ss1on hne lsee Figure 24J. This 
ditfen from parallel term1nat1on in that only 
one-half the logic swing 11 propagated through th• 
lines. The logic swing doubles at the end of the 
transmission ltne due to reflection on an open hnt. 
1911n •stabhshang 1 fun log.c swing. 

FIGURE 24 - SERIES TERMINATED LINE 

To m•ntain clean wave fronts. the input 
impedance of the driven gate must ba much greater 
than the charKter111te 1mpedanc1 of 1he tran1-
miUt0n line. This condition 11 utisfied by MECl 
circuits wh.ch have high tmped1nc1 inputS. Ustng 
the apprapr1a11 terminating ruistor tR5I at Potnt 
A IFigure 24l. the r1fltction1 1n thl transmission 
line will be term1n1ted. 

The edvantages of wries termination include 
ease of driving multiple senes·terminattd 11nn. low 
power consumPtion. and tow cro11 11lk between 
.ti.cent lines. The diaadvantaoe of this system 
is that loads "'"° not be d111tibuted along the 
tr1nsm1ss1on line due to the one-half logic swing 
pretent at intermechat1 Points. 

For board·to.t>oard interconnectktns. coekill 
cable may bl used for 119nal conductors. The 
t1rmtn1t1on techniqun iust discussed also apply 
when using coax. Coa>cial cable has the advamages 
of good noise immunity and low attenuation at 
high frequencies. No significant performance 
degradation occurs for lengths up to 20 feet for 
MECL 111, •nd up 10 50 feel for MECL 10.000. 

. --------·--------------
Twitted J)8ir linet are one of the mon PQPuler 

methods of int1rconnec1ing cards or 1)8ntl1. The 
complementary outputs of any MECL Ill or 
MECL 10,000 function 1r1 connected to one end 
of the twisted pair lint, and any MECL differential 
line r.c1iv1r to the other a11hown in the example. 
Figura 25. Rt is uJed to terminate the twitted 
peir line. The t to 1.6 V common-mode noite 
r9jection of the line receiver ignores common-mode 
cro11 talk, permitting multiple twtlt9d pair linn 
to bl tied into clbl11. M ECL 1ign111 mey bl •nt 
very lone di1t1nc11 C> 1000 feet) on twisted pair, 
11though line attenuation will ltmit Mndwidth, 
degrading edge spMd1 when long lint runs 

"' mlde. 

FIGURE 26 - TWISTED PAIR LINE 
DRIVER/RECEIVER 

If timing it criticll. parollll 1ignll path• (lhown 
in Figure 261 lhould bl Ulld when l1nout to 
H'Y9ral cards is required, This wilt eliminst• 
distortion eauHd tty tong stub lengths off • 
1ignll peth. 

Wire·wrepped connections CM bl uwd with 
MECL 10.000. For MECt.: 111. the f11t edge~ 
n mt er•••• • mismatch •t th• wire-wrap connec­
tion• which c1n caun reflections. thus reducing 
noi• immunity. Th• mismatch occurs 1110 with 
MECL 10.000. but thl di1t1...,. - .. n the 
wire-wrmp connection end the end of the tine is 
generally short enough to the reflections cause 
no problem. 

--[> I (---~::: 
lRp CwdC 

~ 
•Myh.ipleoutowt l•t• .. MC10110 VfT 

FIGURE 28 - 'ARALLEL FANOUT TECHNIQUES 
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Series dlmping resinon may be used with wi,.... a: 
w<IPPld linff to utond parmiaibll beckpl- • 
wiring lengths. Twitted pair linet may bl uted -
for ewn longer distenc• ecroa lerge wire-wrlpptd 
cardt. The twitted pair givtt 1 more defined 
ctiar1C1:1rittic i~ (than 1 lintl• wire). and 
ain be connecud eitMr 1ingl~. or differ· 
entitllty using a line r-=eiver. 

Thi recommended wir...,IPllld circuit ~ 
- 1 pound pl- on one 1idl - 1 ""It• 
pl1ne on thl other. to intur• 1 fOOd pound -
• stabte volt111 IOUrcl for tha cln:uitt. In addition, 
the •ound pl1ne nnr tha wire-wrepped fines 
lowers the impedence of thou linet .tet fKifit•t• 
t0<min1tinv 1hl line. Fin1llv. lhl pound pl­
_,,,.. to minimirt croa t1lk betwMft perafl91 pethl 
in the li9NI lines. Point-to.point w1,. routing it 
recommended becM.ttl cro• talk wilf bl minimihd 
Ind line lenath• will bl lh0<1Ht. Commercill 
wir...,lf) bo1rdl -igned for MECL 10.000 
ere ewilable from ..,,.,., vendor1. 

Mierotl•ill ind Strlpllfte 
Microttrip ond ttripline techn~ .,. UMd 

with printed circuit boards to form tutnttnittion 
linft. Micro1trip consins of • con1t11nt•idth 
conductor on one side of a circuit boerd. with 
a orouf'Mt pl1n1 on th• othlf tide C1hown in Ft.,r1 
271. Thi ch1rK11riltic impedance ii dltt"""inod 
by lhl width ond thick11111 of the conductOI, lhl 
thickftftl of the circuit board, and the diefectrie 
constant of the circuit board meterillt 

Stripline ii - with mult~IYO< cirwh "°""" 
• lhown in Figure 27. Str;ptine COftliltl of • 
con1t1nt-width conductor bl- two pound 
pl __ 

R•lw to MECL Svn .... Ollign H- for 
• full ditcuaion ol 1hl P<oPlrtill - u• ol t­
lineL 

FIGURE 27 - l'C INTERCONNECTION 
LINES FOR USE WITH MECL 
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' •,CLOCK DISTRIBUTION 

• Clock diHribuuon c•n bl a system problem. At 
MECL 10,000 11>ffd1, either co••••I coble or 
twilled peir hne (using the MC10101 -
MCI0115J can be used to dostribute clock 1ignall 
throutftout e 1y111m. Clock i;.,. lengths should be 
controlled ~ metdled t'll'he" 1tming could be 
crtttc•. Once th• ctock•nt s1gn111 •rive on caret. 
• ''" diSlnbution lhould be uWd for large.fano"tl 
at h•gh frequency. An ••empl1 of the IPPlfcM.ion 
of this tlChneque is lhown in F 9111 28. 

•-o..·-··-

,IGURE 29 - N FANOUT CLOCK DISTRIBUTION 

e.c-of the-y high clock rat" encountered 
in MECL Ill svt1em1. rules tor clocking •• more 
r9>rous thM in llower tyttems. 

The loll-1n9 .,oc1e1,,,.. should bl loll- for 
bin rnult1: 

A. Oncanl Sync"'- Clod! Ditlributioot 
vie Tr...,.iuion Line 

1. u.. the NOA output in -Oiiing clock 
chains or tr-. Do not mix OA - NOA outPUtl 
in the chein. 

2. UM bit- '-ts on the dock dri-•. 
3. Overshoot can t. reduced by using two 

per•et dri\4 linet in plaa of one driwe line with 
twa tM lumped loecl. 

_,,,-~~-------~~---

·4_"·;~«minomoze clock skewong poohle~ 
synchronous sections of tht system, lint delays 

I should be m•tch.C 10 within 1 ns. 

f 5. P1r1tltf drive gates should be used vwhen 
clocki_ng repetition r11e1 •rt h1oh. or when high 
capac111nce loads occur. The bandwidth of 1 

MECL Ill gall mey bl '"tended by paralleling 

\ 
both halYU or ~ duel g1111. Approximately 40 or 

, 50 MHz bandwtdth can be gained by paralleling 
""" two or thrff clock driver gates. 

"'- 8. F1nout limit• should be applied to clock 
di1 · uhon drivtr1. Four to ttx lo.a"1 should be 
the mix lo.t per driver for best high 
performance. Avo1 s at the end 
of lines greeter thin 3 inches. A lumP«t toed, if 
uwcl, should be four or fewer loads. 

1. For wire-OR leminer don1ngl, two-w1y 
linft fbu1set) are recommended. To produce such 
lines. both ends of 1 1ransmi1tion line •e ter· 
minetflf with 100-ohms impedance. This method 
should tMr UMd when wire-OR connections exceed 
1 inch 1part on 1 dn"9 ltne, 

B. Off.Cini Clock Distribution 
1. The OR/NOA outputs ol an MC1660 may 

bl used to d11ve into twisted pair linn or into flat 
fixed·impedanct ribbon c•blt. At the tar Ind oi 
the Misted pair an MC1692 differen1Jel hne 
receiver 11 Uled. Tht lint should be terminated as 
~own in F1gur1 25. This method not only provides 
tugh IPHd. board-to-board clock distribution. but 
1l_so provides system noise margin advantages. 
Smet the lint receiver operates independently of 
rtte Vee reference voltage {differential inpuul the 
t\01M margin from board to bo•rd is 1110 indepen. 
dent of temptr•ture differentials. 

LOGIC SHORTCUTS 

MECL circuitry oll1r1 .... ral logic design· 
conventences. Among these •r•: 

1. Wire-OR lean be prOduced by wiring MECL 
output emitters together outside PK:kage1I. 

2. Compl.,.entary lOtlic Output& (both OR 
Ind NOR ire brought out to peck199 pins in most ....... 

An eJC1mple of the u• of these two fe1ture1 to 
reduce gate Mtd p.ck199 count is shown in Figure 
29. 

A-~r"<l~--·----- ii.i +co 
·-~.._ ..... ___ _.,~ 

Ap 

c --1""~>---.J 
D-~~"""---•4---c • o + ETFTG 

• --r""O--..J 
F 
a---c'-.-.------41'-&-- A + I + E + F + 0 

MC10101 

FIGURE Z!I - USE OF WIRE·OR ANO 
COMPLEMENT ARY OUTPUTS 
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The connection shown 11ve1 ttveral gate 
c:ircu111 over performing the same functions with 
non·ECL type logic. Also, the logic functions in 
Figure 29 are 111 eccomplished with one 91111 

l)ropagat1on delay time for tMst system speed. 
Wire·ORing permits direct connections of MECL 
circuits to busses. fMECL System Onion Hand· -
book and Application Note AN-7261. 

Propagation delay is increased epproximatety 
SO p1 per wire-QA connection, In general, wire-OR 
1hould be limited to 6 MECL outputs to maintain 

1 proper LOW logoc level. The MC10123 is an 
exception to this rule because it hu a special 
Vot level thl1 allows very high fanout on • bu1 
or wire-OR line. The use of • sino•• output pull· 
oown rn11tor ts recommended per wirt-OR. to 
economize on pawer di11ipetion. Howner. two 
pull-down rt1istor1 s-r wired-OR CM improft tall 
t1mn and be used tor double termin11ton of bu11e1. 

Wire-OR lhoutd be done between 911111 in a 
peckage or nurby packqn to ewid spikff due to 
line propegation delay. This doft not ~1y to but 
hnn which Kti"a11 only one driver It a time. 

SYSTEM CONSIDERATIONS - A SUMMARY OF RECOMMENDATIONS 

MECL 10,000 MECL Ill 

Power Supply Regulation 10% or better• 1°" or bflter• 

On-C1rd Temperatutt Grec:hen1 L"' Than 2s0 c L"' Thin 2s0 c 
Maximum Non-Transmission Line 8" 1" 

Length INo Damping Re1istorl 

Unused I npuu LeaYI Open•• l••Yf Open•• 

PC Boa•d St1ndard 2·Sided or Multilayer 
Multil1yer 

T 
Special Cooling AequirementJ No No 

But Connectton Capability Y" !Wire-ORI Yn !Wire-ORI 

MSl/LSI Parts Yn YnlMSIJ 

Maximum l'1Witted Peir Length Limited by CM>I• Response Limited by Clbte RftP()nte 

(Differential Drivel Onlv, Usually > 1000' Ontv. Usually > 1000' 

The Ground Plane to Occupy >50% > 75" 
Percent Area of Card 

Wire Wrap may be use(! Yn Not Recommended 

Compatoble with MECL 10,000 - Yes 

•At tht devices. 

••excep1 special functions without inpu1 pull~own resistors. 
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• 
0 ABORTS TEST 
1 HAL.. T ON ERROR 
2 PRINT CYCLE COUNT 
3 LOOP ON TEST 
41 51 61 SELECT TEST 
0 0 0 => TESTS 1 THRU 4 
0 0 1 => TEST 1 DISCRETE CONTROLLER TESTS 
0 1 0 => TEST 2 DIAGNOSTIC MODE 
0 1 1 => TEST 3 SIZE/WRITE PROTECT 
1 0 0 => TEST 4 DATA TRANSFER CSECTOR) 
1 0 l => TEST 5 DATA TRANSFER C SUB SECTOR> 
1 1 0 => TESTS 11 2 AND 4 
1 1 l => TESTS 2 AND 4 
7 READ ONLY 
8 WRITE ONLY 
9 INHIBIT DATA ERROR PRINT 
10 INHIBIT STATUS ERROR PRINT 
11 INHIBIT END OF TEST PRINT 
12 TWO READS PER WRITE INHIBIT 
131 141 15 SELECT DATA PATTERN 

0 0 0 => ALL PATTERNS 
0 0 1 => RANDOM 
0 1 0 => INCREMENTING 
0 1 1 => TRACK/SECTOR ID 
1 0 0 => WORST CASE 
1 0 1 => ONES 
l l 0 => ZEROES 
1 l 1 => SELECTABLE 

SET DATA SWITCHES - CONTINUE 




