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‘ 1.0 INTRODUCTION

1.1 Scope :?

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 milliseconds (1800 RPM) and a maximum storage capacity i
of 38.4 x 107 bits. |

1.2 Model Number

The Model Number is constructed as shown below: I
85X0-Y

X SPEED

1 1800 RPM

3 3600 RPM

Y NUMBER OF TRACKS j

16 Sixteen fracks :
i 32 Thirty-two tracks i
; 48 Fourty eight tracks :
@E( 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 1

2.1 Outline and Mounting Drawing - DWG. No. 1520006

2.2 Power Supply Specification - DWG. No, 1510017=01
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3.0 GENERAL SPECIFICATIONS 8530 Series 8510 Series :

‘ ' 3.1 Storage Capacity (Maximum) 40,2 x 106 bits 40.2 x |06 bits :
3.2 Data Tracks (Maximum) 256 (plus 32 spares) 256 (plus 32 spares)

3.3 Bits/Track (Unformatted absolute 157,000 157,000 f

Maximum) ;

3.4 Gap between TO and Ist Sector 40 microseconds/ 40 microseconds min,

min,

3.5 Bits/Sector

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

Case ;' Track capacity< 122,000 bits:
Max Sector Length = 1,550 bits

Case 2:  Track capacity > 122,000 bits:
Max Sector Length = 1550 - 0.1l (C - 122000)
7

‘ 3.6 Preamble ’(wrii'fen by Disc Memory) 19 bits 19 bits
é 3.7 Postamble-Write Guard Bits

(written by Disc Memory) I bit | bit |
- Guard Space 12bits 12 bits
3.8 Rotational Speed " 3600 + 95 RPM 1800 + 55 RPM
3.9 Average Access Time 8.3 + 0.2 milsec. 16.7 + 0.4 milsec | |

3.10 Data Transfer Rate (at 150,000 bits/track)
9.0+ 0.6 M Bits/sec 4.5+ 0.3M Bits/

sec

3.1 Disc Diameter | 12 inch

3.12 Recording Medium NiCo with Rhodium protective overcoat
3.13 Recording Density 7448 Bits/Inch Maximum (innermost data

(at 150,000 bits/track track)
7 3.14 MTBF 10,000 hours for 85XX~256 models i
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MTTR One hour
Error Rate
Recoverable Errors:

The cccurrence of recoverable errors shall be less than one error in
10" "bits read.

Non-recoverable Errors:

The occurrence of non-recoverable 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 dafa record.

¢

3.17 Preventative Maintenance
~ The Disc pre=filter and power supply filters shall be replaced when
they become dirty.
{’ 4,0 ENVIRONMENTAL SPECIF!CATIONS‘
4.1 Temperature
Operating (assumes writing af one extreme 0 to 55°C
and reading at the opposite extreme)
Non-operating (On Site) 0 to 65°C
Non-operating (Shipping and storage -30 to 65°C
properly packed) ‘
4.2 Temperature Change
Operating max. for data reliability 10°C per hour
4,3 Relative Humidity
Operating without condensation: 10% - 90%
Non~Operating without condensation 10% = 90%
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g 4.4 Shock and Vibration
!
i Vibration Operating: .040" double amplitude
l displacement, 5-22 Hz;
1g acceleration max, 22 = 500 Hz
Non-operating .040" double amplitude
‘ d’splacement, 5-30Hz; 7
29 acceleration max, 30 - 500 Hz
Shock: Operating: 5¢ Il Msec |/2 sine wave
: - Non-operating 59 1l Msec 1/2 sine wave
; 4.5 Shipping
The packaged product to meet the approval of the NATIONAL
* SAFE TRANSIT COMMITTEE, Project IA. (100 Ibs or less)
4,6 Altitude
Operating: 10,000 feet
_%}‘( Non-operating: 25,000 feet
4.7 Atmosphere Non-=-corrosive
5.0 POWER REQUIREMENTS
5.1 A.C. Power
5.1.1 Voltage 88 - 108 VAC RMS
(single phase, rear 105 - 130
panel selectable) 192 - 240
210 - 260
5.1.2 Frequency 47 - 53 Hz
57 =63 Hz
5.1.3 Start Current 8.3 amps moximum
(with 120 volts)
5.1.4 Run Current 2.7 amps maximum
(with 120 volts)
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‘ >5.1.5 Motor Start Time 20 seconds maximum

q 5.1.6  Atoggle power ON/OFF switch provides power
| control for motor and D.C. power supply.

5.1.7  Asingle fuse protects the transformer. The fuse is
5 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 UL/CSA 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 cbtained and maintained,
except for 50 Hz only unifs.

6.0 MAJOR MEMORY SYSTEM COMPONENTS

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

6.1  Disc

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

6.2 Spindle

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

v filtered air for pressurizing the enclosure. The spindle is driven by
| means of a belt and step pulley.

6.3 Drive Motor

A capacitive start, 50/60 Hz induciion motor provides the power to
the disc. A 'step pulley compensates for a change in line frequency.
Separate motors are used for 1800 and 3600 RPM applications.

Ttz BT T
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6.4  Read/Write Head Assemblies

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 Assembly

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:

.05 inches of water: 1800 RPM
.20 inches of water: 3600 RPM

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
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  Read/Write 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 Assembly.
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. 6.8 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 - Chcmgivng from one track to the spare set is accomplished
by changing a wire wrap jumper.

6.8.4 The third track may be used to record an AMCOMP standard

format.
|

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

6.9 D.C. Power Supply

6.9.1 The D.C. Power Supply exhibits the following general characteristics.
45V + 3%, 4.5A
24V + 3%, 1.0A
=12V + 3%, 1.0A

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

6.10 Other Assemblies

6.10.1  The tray assembly supports the Disc Meniory Sub Assy and
also mounsthe A.C. input connector and inner slides.

6.10.2  The rear panel assembly mounts on the tray and holds the
: Interface Card. The rear panel assembly also mounts the
1/O 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.

SIZE | CODE IDENT NO. |DRAWING NO. ~ REV
A 1570013 A
SCALE SHEET 10

BISHOP GRAPHICS/PCCUPRESS
-REORDER NO. A-7




7.0 PHYSICAL CHARACTERISTICS

i 7.1

7.2

QOutline Dimension

7.1.1
7.1‘2
7.1.3

7.1.4

Weight

Height 8.75 inches

Depth 22.00 inches

Mounting Width:  Standard 19=-incles

The outline dimensions and mounting details are

documenf‘ed in DWG No., 1520006.

95 lbs

| 8.0 INTERFACE SPECIFICATIONS - GENERAL

8.1

Levels_

8.1.1

8.1.2

The 1/O signal levels and pertinent figures are
defined as seen on the I/O connector.

Signal levels on the bus of the disc memory system are

nominally 0 and 43.0 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 O 0 volts nom,
+0.4 volts max.
LOGIC 1 +2.,4 volts min,
+3.0 volts nom,
+5.25 volts max.
SIZE | CODE IDENT NO. |DRAWING NO. REVY
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8.1.3 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,
The following integrated circuits are especially suited to these
requirements:
Part Number Manufacturer
Sn 7438, SN75451 Texas Instruments

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

8.1.5 All signal lines will also be terminated at the controller.

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

| 8.2 Daisy-Chaining

8.2.1 The interface allows for (4) disc units fo be datsy—chamed
and operated by one controller.

8.2.2 The bus system is designed for a maxi mum length of 30 feet
considering a 9.0 M bit transfer rate.

8.3 Interface Connectors

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

8.3.2 The following table identifies the interface signal pin assignments.
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: |
PIN NO. FUNCTION PIN NO. FUNCTION ?
1 - I RETURN 42 READ
» I8’ DISC READ 43 RETURN
34" N/C 10 WRITE
35 TRACK ADDRESS-7 27 RETURN
2 TRACK ADDRESS-6 1 READ DATA
19 , TRACK ADDRESS-5 28 RETURN |
3 TRACK ADDRESS-4 44 BUS TERMINATED
20 TRACK ADDRESS-3 45 RETURN
36 TRACK ADDRESS-2 12 WRITE DATA i
37 TRACK ADDRESS-1 29 RETURN
4 TRACK ADDRESS-0 13 SPARE 1
21 UNIT SELECT 3 30 DC GROUND
5 UNIT SELECT 2 46 READ CLOCK
22 UNIT SELECT 1 47 RETURN
38 UNIT SELECT O 14 SPARE 2 i
39 RETURN 3l RETURN i
6 ILLEGAL ADDRESS 15 WRITE CLOCK IN
23 RETURN 32 RETURN
7 NOT USED IN 8500 48 SPARE 3
24 RETURN 49 RETURN
40 TRACK ORIGIN ' 16 WRITE CLOCK OUT
4] RETURN 33 RETURN
i 8 © SECTOR CLOCK 17 SHIELD GROUND .
e B 25 RETURN 50 SHIELD GROUND | I+
. ? : SECTOR WRITE .
26 RETURN

TABLE .  J2 - INTERFACE SIGNAL PIN ASSIGNMENT

( : ) SiZE | CODE IDENT NO. |DRAWING NO. REY
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9.0  INTERFACE SIGNAL DEFINITION - DISC INPUT SIG NALS

9.1 Unit Select

2.1.1

9.1.2

9.]‘3

2.1.4

9.2 Write

Four unit select lines are provided to support chaining
up to four discs on a single cable assembly.

One line is assigned to a disc. Selection is made by the

installation of a jumper assembly on the interface board.

All discs will be shipped with the Unit Select 1 jumper
installed.

The proper unit select line must be set to logic zero
to allow the disc to write, read,or change track address.

Following the end of a read operation, the unit must
stay selected for at least | wsec. See Fig. 4.

By adding a jumper from TP22 to TP58 the following
additional functions are disabled by deselecting the unit,

Write Clock Out
Sector Clock
Disc Read

Track Origin

When the signal is set to a logic zero, data on the
WRITE DATA line will be recorded on the seiected disc
track.

The WRITE signal must be set to a logic zero
synchronized to the SECTOR CLOCK.

The WRITE command must remain at a logic zero
until the last bit of data has been transmitted and
then reset to a logic one (Ref.  Figure 2)

When this signal is set to a logic zero, the READ
DATA along with the READ CLOCK will be transmitted
from the selected data head.

The READ signal must be set to a logic zero synchronized
to the SECTOR CLOCK.
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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),

9.4  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.

9.5 Write Clock In

9.5.1

This signal is the cable delayed version of WRITE
CLOCK OuUT,

WRITE DATA is received in the disc electronics with
this continuous clock (Ref. Fig. 3). WRITE CLOCK N

must be present for a min, of 20 bits after sending the last
WRITE DATA bit.

9.6 Track Address

. 9.6&]

These eight lines 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 lns’ralled in the disc (256 maximum,

16 minimum).

9.7 Se ctor Wn te

9.7.1

o i

The clock format can be written with this line, when the

disc unit has been properly set up for iniiialization by a field engineer.

10.0  INTERFACE SIGNAL DEFINITION - DISC OQUTPUT SIGNALS

10.1 Track Origin

s s e et . wentreres

10.1.1

The TRACK ORIGIN is a single pulse, one bit wide, defining

the start of a disc revolution.,
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| 10.2
10.3
10.4

f@(

10.5

10.6

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

Sector 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
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 QUT is a continuous cleck signal
defining each bit cell on the track.

This signal shall be used to transmit WRITE DATA to
disc unit and shall 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,

pisc Readx

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

.1. . DC voltages below acceptable limits

- 2.  Disc rotational speed below reliable
operating range.

3. BUS TERMINATED is at logic zero.

!

10.7  Ilegal 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'locked-out" track.

10.8 Bus Terminated

10.8.1  The BUS TERMINATED signal senses the power to the
active disc interface terminations. A logic zero on this
line indicates a loss of power to the signal line terminations.

l' All other interface lines should be considered invalid.
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74.00 220

SERIES

7400
SERIES

DISC
DRIVER %330

+5

7400 . 220

SERIES

A ® ; v

30FT (MaX.)

D>

CONTROLLER
330 % RECEIVER

+5

2202 400

SERIES
o

H

DISC
CECEIVER %330

<

330 CONTROLILER

DRIVER
Figure 1. Typical Driver-Receiver Configuration
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SECTOR CLOCK T ]

werre crock w J L LT LML o rre M_ﬂ_l

TR =5
: ' {5
— H——-—@ —-a-i q-@(ggp)
WRITE DATA DB |pez| (¢ |pBN-1] DEN] I
® 25 nsec. min; 1 bit - 25 nsec. max.
@ turn around delay<4 bits  Once established must be constant + 25 nsec.

® 32 bits 2)

Figure 2.  Timing Diagram, Write Timing

—| /4 BIT 225 NSEC
werre ceockoyr LML LML LU

-»} ]*—/ BIT 25 NSEC
weite cLock N T LU Ly Ll ufurur

ok

@ Round trip cable, driver/receiver delay. Once established must remain constant
+ 25 nsec,

Figure 3. Timing Diagram, Clock Timing
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SECTOR CLOCK | [

o

READ

WRITE CLOCK IN _J"LH_JWUI

1

-G

(5~

READ DATA

[pei |psz] /) |van|

READ CLOCK

24 + 4 bits

ONCNONCNS

NOTE:

Turn around delay < 4 bits.

1/2 bit  -40/-20 nsec

1)

2)

@ —
I I e

25 nsec. min; 1 bit = 25 nsec. max.

(D) (KEF)

Once established must be constant + 25 nsec

Turn around delay <4 bits. Once established must be constant  + 25 nsec.

Following receipt of DBN and Read Clock N,
additional Read Clocks may occur due to turn
around delay of Read reset. These clocks should

be ignored.

Last Sector Clock fo Track=Origin is equal in
time relations like a Sector Clock to the next

Sector Clock.

Figure 4.

Timing Diagram, Read Timing

J N
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WRITE CLOCK OUT llllll'lll 'llllll
o 25 NSEC MIN ‘
Yo BIT MAX.
TRACK ORIGIN L
el 1817 25 NSEC o5 WSEC
| MIN
Y- e
SECTOR CLOCK L
—b 3-"- [BIT 125 NSEC
s JOUSEC MIN, ——
%ﬁ‘ Figure 5. Timing Diagram, Basic System Timing
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Ambient
Temperature Range MECL 10,000 M10800 MECL 1Y rLL
GENERAL INFORMATION 0% 10 75°C MCM10100 Series - MC16977 MC12000 Series
-30°C 10 +85°C MC 10800 Series MC 1600 Series MC 12000 Series
SECTION | — HIGH-SPEED LOGICS
. -55°C 10 125°C - MC1648M MC 12500 Series
MCM 10500 Series
‘High speed logic is used whenever improved An important festure of MECL 10,000 is its
system performance would increase a product’s compatibility with MECL (1l to fecilitate using FIGURE 1b - OPERATING TEMPERATURE RANGE
macket value. For @ given system design, high- both families in the same system. A second impor-
speed logic is the most direct way to improve tent festure is its significant power economy —
system performance and emitter<oupled logic MECL 10,000 gates use less than one-ha!f the
(ECL) is today's fastest form of digitsl logic. power of MECL 111. Finally, low gate power and
" . 3 A 3 ‘ k MECL 10,000 M10800 MECL It PLL
Emitter<coupled logic offers both the logic speed sdvanced circuit design techniques have permitted Package Style
and logic features to meet the market demands for 8 new level of complexity for MECL 10,000 cir- 16-Pin Plastic DIP MC10100P Series - MC1658P MC12000P Series
higher performance systems. curts. For example, the complexity of the MC10803 MC10200P Series
Memory Interface Function compares favorably to 16-Pin Ceramic DIP ‘MC10100L Series MC10804L MC1600!. Series | MC12000L Series
that of any bipolar integrated circuit on the market. MC10200L Series MC10807L MC12500L Series
MECL PRODUCTS The basic MECL 10,009 s«m has been ex- MC10500L Series '
. N panded by a subset of devices with even greater MC10600L Series
_Motorou hmoqucod the originsl monolithic speed. This additional series provides s selection MCM10100L Series
emittercoupled .loogc family with MECL | (1962) of MECL 10,000 logic functions with flip-flop MCM10500L Series
md.l_ollmd this with MECL 11 (ISGG_L These two repetition rates up to 200 MHz min. The MECL 16-Pin Flat Package MC10500F Series - MC1600F Series MC12513F
families sre now obsolete and heve given wey to 10,200 Series is meant for use in critical timing MC10600F Series
the MECL 111 (MC1600 series), ME_CL IO,Q(D. chains, and for clock distribution circuits. MECL ' | _MCM10500F Series
MECL 10800, and PLL (MC12000 series) families. 10,200 parts are otherwise identical to their 20 Pin Coramic DIP _ MC10805L - -
Chronologically the third family introduced, 10,000 Series counterparts (subtract 100 from
MECL 111 (1968) is » higher power, higher speed the MECL 10,200 part number to obtain the 24.Pin Plastic Package MC10181P = — -
logic. Typical 1 ns edge speeds and pr lent standard MECL 10,000 part number). 24.Pin Ceramic DIP Mci10181L, MC10802L - -
delays slong with greater than 500 MHz flp-flop Continuing technical ach led more recent- MC10581L
toggle rates. make MECL 111 useful for high-speed ly to the development of the M10800 LS! pro- 24 Pin Flat Package MC10581F - - -
test and equi . Also, thig cessor femily. The M10800 family combines the
ay . . 4BPinC Quit - MC10B00L Series - -
family it used in the high-speed sections and performance of ECL with the system advantages ‘,m i .,,m : MC1648P MC 12000
crticsl timing delays of larger systems. For more of LSI density. Architectural festures of the 14 Pin Plastic © - - MC12002F
oo | purpose app! L . trends in M10800 family signif| y reduce the MC12020P
large high speed systems showed the need for sn count of 8 high-performance processor system. The MC12040P
oasy-to-use logic family with propagation delays M10800 LSI family is fully compatible with the <
on the order of 2 ns. To match this requirement, MECL 10,000 and MECL 111 logic families for 8 14.Pin Ceramic DIP - - MC1648L MC12000L
the MECL 10,000 Series was introduced in 1971, complete selection of system design components. zg::gg:L
L
MC12040L
14.Pin Fiat Package - - MC1648F MC12540F
MECL FAMILY COMPARISONS 8 Pin Plastic DIP - - MC1697P -
For package information see page 1-28.
MECL 10.000 FIGURE 1c — PACKAGE STYLES
10,100 Series | 10,200 Series €=
Featurs 10,500 Series 10.600 Series 10,800 LSI* MECL Il
1. Gate Propsgation Delay 2ns 1.5 ne 1-2S5 ns 1ns MECL IN PERSPECTIVE
2. O E S . . P :
utput Edge Speed 3.5ns 28 ne 3.8 ns 1ns In evaluating sny logic line, speed and power .C v Outputs cause 8 nd
3. Flio-Fiop Toggte Speed 160 MH2 250 MHz N.A. 300- 500 MH2 requirements sre the obvious primary iders it plement to sppesr simul ly st the
4. Gate Power 25 mw 26 mW 2.3 mwW 60 mw tions. Figure 1 provides the basic parsmaeters of the device outputs, without the use of externsl in-
S_Speed Power Product 80 pJ 3704 4.6 pJ 60 pJ MECL 10,000, M10800, and MECL 111 tamilies. verters. It reduces package count by eliminsting
. But these provide only the start of any compars- the need for associsted invert functions snd, st the
Average for Equivalent LS! Gate. tive analysis, as there are 8 number of other impor- Same time, Cuts SYSIeM POwer requirements and
tant festures that make MECL highly desirable for duces timing diff ! probl arising trom
FIGURE 1a - GENERAL CHARACTERISTICS system implementation. Among these: the time delays introduced by inverters.
!
12 !
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High Input Impedance and Low Output Imped-
ance permit large fan out and versatile drive char-
scteristics.

Insignificant Power Supply Noise Generation,
due to ditferentisl amplifier design which eliminates
current spikes even during signal transition period.

Nearly Constent Power Supply Current Drsin
simplifies power-supply design and reduces costs.

Low Cross-Tslk due to low-current switching in
signst path and smalt (typically 850 mV) voltege
swing, end to relatively long nu md fall umu

Wide Variety of F i 9 o

fered in the MC10500 and MC10600 Series, and
in the PLL family as the MC12500 Series.

BASIC CONSIDERATIONS FOR HIGHSPEED
LOGIC DESIGN

High-speed operation mvo!vu only four con-
iderations that differ signiticantly from op
at low and medium speeds:

1. Time delays through interconnect wiring,
which m.v have been ignored in medium-speed

functions facilitated by low power

(particulerly in MECL 10,000 series). A basic

MECL 10.000 gate consumes less than 8 mW in
on-chip power in some complex functions.

Wide Performance Flexibility due to differ-
entisl smphifier design which permits MECL cir-
cuits 10 be used s linear a3 well as digital circuits.

Transmission Line Drive Capability is atforded
by the open emitter outputs of MECL devices. No
*Line Drivers” are listed in MECL fomilies, becsuse
overy device is 8 ling driver.

Wire-ORing reduces the number of logic devices
required in 8 design by producing additionsl OR
gate functions with only an interconnection.

Twisted Psir Drive Capability permits MECL
Circuits 10 drive twisted-pair transmission lines 8
fong ss 1000 feet.

Wice-Wrep Capebility is possible with MECL
10,000 and the M10800 LS! family bacause of the
slow rise and fall me charactenstic of the circuits.

Open Emitter-Follower Outputs are used for
MECL outputs to simplify signal line drive. The
outputs match sny hine impedance and the 2b-
sence of internal pulldom 13151078 saves M

Input Py s of sppr y
SOkil permit d inputs to i
nected lor easier circuit bosrd layout.

MECL APPLICATIONS

Motorols’s MECL product lines are designed for
8 wide range of systems needs. Within the com-
puter merket, MECL 10,000 is used in systems
ranging from specisl purpose peripheral controliers
1o large mainframe computers. Big growth aress in
this market include disk and communication
channel controllers for lerger systems and high
Per PUIers.

The industrisl market primerily uses MECL for
high performance test systems such as IC or PC
board testers. However, the high bandwidths of
MECL 10,000, MECL M, and MC!ION ”e
required for many freq Y sy
using high speed phase lock 100p networks. MECL
will continue t0 grow in the industrial market
through o dical c products and
high performance process control systems.

MECL 10,000 and MECL 11l have been ac-
cepted within the Federsl market for numerous
signal processors snd navigation systems. Full
military tempersture range MECL 10,000 is of-

14

. highly important at state-of-the-
lﬂ peeds.

2. The possibility of distorted waveforms due
to reflections on signal lines increases with edge

3. The possibility of “crosstalk” between
asdjacent signal leads is proportionately increased
in high-speed systems.

4. Electrical noise generation and pick-up are
more detrimental at higher speeds.

In general, these four characteristics are speed-
and frequency-dependent, and are virtually inde-
pendent of the type of logic employed. The merit
of a particular logic family is measured by how
well it compensates for these deleterious effects in
system spplications.

The interconnéct-wiring time delsys can be
reduced only by reducing the length of the inter-
connecting lines. At logic speeds of two nano-
seconds, an equivalent ‘gate delay” is introduced
by every toot of i g wiring. Obviously,
for tunctions interconnected within 8 singie mono-
tithic chvp. the time delavl of lugnm travelling
from one fi ion to are insignifi . But
for 8 great many externally interconnected parts,
this ca.. sopn add up to an appreciable delay time.
Hence, the greater the number of functions per
chip, the higher the system speed. MECL circuits,
porm.'uloﬂy those of m MECL 10,000 Series are

d with & p d !/ hmc

- tions to enhance overall :ysnm speed.

Waveform distortion due to tine reflections siso
b bl principally at state-of-the-art
speeds. Al slow snd medium gpoods reflections on
interconnecting lines are not usually a serious
problem. At higher speeds, however, line lengths
can spprosch the wavelength of the signal snd im-
properly terminated lines can result in reflections
that will cause fslse triggering (see Figure 2). The
solution, as in RF technology, is to employ “‘trans-
missiondine” prectices and properly terminate each
signal line with its characteristic impedance at the
end of i run. The low- :mpedancc emitter-
foll outputs of MECL ci ili trans-
mission-line practices without upsetting the voltage
levels of the system.

JE—

The incressed affinity for crosstaik in high-
speed circuits is the result of very steep leading snd
trailing edges (fast rise and fell times) of the high-
speed signal. These steep wavefronts sre rich in
harmonics that couple readily to adjscent circuits.
In the design of MECL 10,000, tne rise and fall
times have been deliberstely slowed. This reduces

-——f g

— 3=

Re
Vee
A
" "«w'—*
N |Receving Gate }: L~
'. tnput A qV
. . [
LN ] L'°w 4
FRNY, y X
SV + +
"
A hd 3
‘ -
3
]

FIGURE 2s - UNTERMINATED

the effinity for crosstalk without compromising
other important performance parameters.

From the sbove, it is evident that the MECL
logic line Is not simply capsbie of operating at high
speed, but has been specifically designed 10 reduce
the problems that are normelly essocisted with
highepeed operation.
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* CIRCUIT DESCRIPTION

The typicet MECL circuit, Figure J,Vconmu ot
a8 difterentisl-amplifier input circuit, a temperature
and voltage compensated bias network, and emitter-

P! t0 dc levels and provide
buffering for transmission hine driving. High fen-
out op s b of the high input

of the diff, 1 amphifier input and
the low output of the foll

ward-bissed Q5 is conducting. Under these condi-
tions, with the base of Q5 held at -1.29 V by the
Vgg network, its emitter will be one diode drop
(0.8 V) more negative than its base, or -2.09 V.
(The 0.8 V differenual 1s 8 charactenstic o this
P-N junction.) The base-to-emitter differential
across Q1 — Q4 is then the difference between the

outputs. Power-supply noiss 1s virtually eliminated
by the nesrly constant current drain of the differ-
entisl amplifier, even during the transition period.
Basic gate design provides for simultaneous output
of both the OR f and 1ts the
NOR funcuon.

Power-Supply Connections - Any of the power
supply levels, VT, VCC. or VEg May be used a3
ground. however, the use of the Vcc node as
ground results in best noise immunity. In such 8
csse. Voc = 0. Vit *» 20V, Vgg = 52 V.

Sy Logic Seecifi - The outp
logec swing of 0.85 V, as shown by the typical
transfer characterisiics curve, vanes from a LOW
state of Vo = -1.75V 10 a HiIGH state of Vo =
0.9 V with respect to ground.

Positive 10gic 15 used when reference is made to
logrcal “0's” or “1°'s.”” Then

0" = -1.75V = LOW
typical

“1" = -09V = HIGH

Circuit Operatton - Beginning with all logic
nputs LOW (nominal -1.75 V), assume that Q1
through Q4 are cut oft because their P-N base-
emitter junctions are not conducting, snd the for-

emitter voltage (-2.09 V) and the LOW
fogic level (-1.75 V) or 0.34 V. This is less than the
threshold voltage of Q1 through Q4 so that these
transistors will remain cut off.

When any one (or all) of the logic inputs are
shifted upward from the -1.75 V LOW state to the
-09 V HIGH state, the base voltage of that tran-
sistor increases beyond the threshold point and the
transistor turns on. When this happens, the voltage
at the common-emaitter point rises from -2.09 V 1o
=1.7 (ona diode drop below the -0.9 V base voltage
of the input transistor), and since the base voltage
of the fixed-bias transistor (QS) is held at -1.29 Vv,
the base-emitter voitage Q5 cannot sustain conduc-
tion. Hence, this transistor is cut off.

This action 1s reversible, so that when the input
signal(s) return to the LOW state, Q1 — Q4 are
2gain turned off and QS again becomes forward
biased. The collector voltages resulting from the
switching action of Q1 — Q4 and QS are trans-
ferred through the output emitter-follower to the
output terminal. Note that the differential action
of the hi s (one being otf

g tr
when the other is on) furnishes simultaneous
complementary signals at the output. This action
#is0 maintains constant power supply current
drain,

DEFINITIONS OF LETTER SYMBOLS AND ABBREVIATIONS

Curront:

icc Total power supply current drawn from
the positive supply by 3 MECL unit under
test.

cso Leakage current from input transistor on
MECL devices without pulidown resistors
when test voltage 13 applied.

IccH Cutrent drain from VCC power supply
with alt inputs at logic HIGH level.

ccL Current drain from VCC power supply
with all inputs at logic LOW level.

13 Total power supply current drawn from a
MECL test unit by the negative power
swpply.

13 Forward diode current drawn from an

nput of » saturated logic 1o-MECL trans:
lator when that nput s at ground
potential.

hn Current 1nto the input of the test unit
when a maximum togic HIGH (VM max)
13 applied at that mnput.

1-6

IINH HIGH level input current into a node
with a specified HIGH level (Vi max!
logic voltage applied to that node. (Same
as Iin for positive logic.)

*hiNL LOW tevel input current, into a node
with a specitied LOW level (Vi min!
logic volitage applied to that node.

'} Load current that is drawn from a MECL
circurt output when measuring the output
HIGH level voltage

*1oH HIGH level output current the current
flowing into the output, at a specitied
HIGH level output voltage.

‘toL LOW tevel output current: the current
flowing into the output, at a specified
LOW level output voltage.

los Output short circust current,

lout Output current (from a device or circuit,
under such conditions mentioned In
context).

Current (cont.) :

IR Reverse current drawn from a transistor
1nput of 8 test unit when VEE 18 apphied
at that input. °

isc Short.circutt current drawn from 3 trans:
1ator saturating output when that output
15 at ground potential.

Voltage:
vgs Reference bias supply voltage. -
a tran-

VBE Base-to-emitter voltage drop o_nd e
sstor at specthed collector 8
currents.

vcB Collector-to-base  voltage drop of @
transistor at specified collector and base
currents.

vce General term for the most positive power

supply voltage 10 & MECL device {usually
ground, except for translator and inter-
tace circuits).
Iy voltage {out-
veer Most positive power SuUpD!
put devices). (Usually ground for MECL
devices.)
vee?2 Most positive power supply voltage (cur-
rent switches and bias driverl (Ususily
ground for MECL devices.)

VEE Most negative power supply voltage for a
arcuit {usually 5.2 V for MECL devices).

VE Input voltage for measuring 1 on TTL
interface circuits.

VIH Input Iog.uc HIGH voltage level (nominal
value).

*ViH max Maxmum HIGH level input voltage: The
most positive (least negative) value of

high-level input  voltage, for which*

operation of the logic element within
specification hrmits is guaranteed.

VIHA Input logic HIGH threshold voltage level.

VIHA min Minimum input logic HIGH level (mm-
hold) voltage for which performance i
specified.

*ViH min Minimum HIGH tevel inwt- voltage: The
feast positive (most negative) value of
HIGH level input voltage for which opera-
tion of the logic element within specitica-
tion limits is guaranteed.

viL Input logic LOW voltage leve! (nominal
value).

*ViL max Maximum LOW level input voltage: The
most positive (least negative) value of
LOW level input voltage for which opera-
tion of the logic element within specitics-
tion limits is guaranteed.

17

ViLA Input logic LOW threshold voltage level.

VILA max Manimum input logrc LOW level (mv'?-
hold) voltage for which performance is
speciied.

*VIL min  Minimum LOW level input voltage: The
fteast postive (most negativel value of
LOW teve! input voltage for which opera-
tion of the logic element within specifica:
tion limits is guersnteed.

Vin Input voltage (to a circuit of device).

Venax Maximum (most positive) supply voltage,
permitted under 8 specified set of
conditions.

VoM Output logic HIGH voltage level: The
voltage level at an output termunal for »
specified output current, with  the
specified d appled to blish 3
HIGH leve! at the output.

VOHA Output fogic HIGH threshold voitage
tevel,

VOHA min Minimum output HIGH threshold voltage
tevel for which performance is specihied.

VOM max Maximum output HIGH or Nhigh-level
voltage for given inputs.

VOH min  Minimum output HIGH or high-leve! volt-
age tor given inputs.

‘vVou Output ltogic LOW voltage level: The
voltage leve! at the output terrunal for 8
specified output current, with the
speciied d spphed to hsh 3
LOW level at the output.

voLa Output logic LOW threshold voltage level.

VOLA max Maximum output LOW threshoid voltage
level for which performance is specified.

VOL max Maximum output LOW tevel voltage for

given inputs.

VOL min Minimum output LOW level voltage for
given inputs.

vTT Line load-resistor terminating voltage for

outputs from a MECL device.

VoLS1  Output logic LOW tevel on WCL 10,000
line receiver devices with all inputs 8t
VEgE voltage level.

VoLsz Output logic LOW level on NECL 10.000
line receiver devices with ail inputs open.

*JEDEC. EIA, NEMA standard definition
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Time Parameters:

[ Waveform rise ume (LOW to HIGH), 10%
to 90%, or 20% to 80, as specitied.

t- Waveform fall ime (HIGH to LOW), 90%
10 10%, or 80% 10 20%, as specitied.

te Same as te :

t Same as t-

te. Propagation Delay, see Figure 9.

te Propagation Delay, see Figure 9.

tpd Propagation delay. input to output from

the 50% point of the input waveform at

txtye P x (faling edge noted by — or nsing
edge noted by +) to the SO% point of the
output wavetorm at pin y (falling edge
noted by ~ of rising edge noted by +). (Ct
Figure 9.)

txe Output waveform rise time as measured
from 10% to 90% or 20% to0 80% points
on wavelorm (whichever 13 specified) at
PN x with input conditions as specitied.

. Output wavetorm fall time as measured
from 90% to 10% or 80% 10 20% points
on waveform (whichever 13 specified) at
P x, with input conditions as specitied

1709 Toggle trequency of a fip-flop or
counter device.

fohity Shiftrate tor a shift regrster.
Read Mode (Memories)
1ACS Cnip Select Access Time
TRCS Chip Select Recovery Time
tAA Address Access Time
Write Mode (Memories)
w Write Pulse Wedth

wso Oata Setup Time Prior 1o Write
tWHD Data Hold Time Alter Write
WSA Address setup time prior o write

tWHA Address hold time after write

WSCs Chip select setup time prior (o write

TWHCS  Chip select hotd ime after write ~

ws Write disable time

WR Write recovery time

Temperature:

Tag Maximum  tempersture at  which device
may bLe stored without damage or perfor
mance degradation

L8} ) for dre) P e of an inte-
grated circuit device

Ta Amb { ) existing
n the immediate viciity of an integrated
circuit device package.

LT Thermal e of an IC package, j
10 ambient

4c Thermal of an IC g
10 case

fpm Linear feet per minute

oca Thermal resistance of an IC package, case
10 ambient

Miscellaneous:

eg Signal generator inputs 1o a test circuit.

TPin Test point at input of unit under test.

TPout Test point at output of umit under test.

DuU.T. Device under test.

Cin Input capacitance.

Cout Output capacitance.

2out Output impedance.

‘Po The total dc power applied to 8 device, not
including any power delivered from the
device 10 a load.

Ry Load Resistance.

RT Terminating (l0ad) resistor.

Rp An input pull. down resistor (i.e., connected
10 the most negative voltage).

PUT. Pin under test.

“JEDEC, E!A, NEMA standard definition
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SECTION Il — TECHNICAL DATA

GENERAL CHARACTERISTICS and
SPECIFICATIONS

(See pages 1-6 through 1-8 for definitions of sym-
bols and abbreviations.)

In subsequent sections of this Dats Book, the
important MECL persmeters are identified snd
characterized, and complete data provided for each
of the functions. To make this data es useful ss
possible, and to svoid a grest deal of repetition,
the dsta that is common to il functions! blocks
in 8 line is not repeated on each individual sheet.
Rather, these common characteristics, ss well a3
the appli information that spplies to each
family, are discussed in this section.

In gene the common charscteristics of major
importance are:

Maximum Ratings, including both dc and ec
characteristics and temperature limits;

Transfer Characteristics, which define logic
levels and switching thresholds;

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

AC P s. such 8s propag: delays, rise
and fall times and other time dependent cherac-
teristics. *

In addition, this will di genersl lay-
out and design guides that will help the designer in
building and testing systems with MECL circuits.

LETTER SYMBOLS AND ABBREVIATIONS

Throughout this section, and in the subsequent
dats sheets, letter symbols and abbrevistions will
be used in discussing electrical characteristics and
specifications. The symbols used in this book, and
their definitions, sre listed on the preceding peges.

MAXIMUM RATINGS

The limit parameters beyond which the life
of the devices may be impsired sre given in Figure
4s. In addition, Table 4b provides certain limits
which, if ¢ ded, will not ge the devices,
but could degrade the performance below that of
the guaranteed specifications.

MECL TRANSFER CURVES

For MECL logic gstes, the dusl (complemen-
tary) outputs must be represented by two trensfer
curves: one t0 describe the OR switching action
ond one to describe the NOR switching sction. A
typics! transfer curve snd sssocisted data for ol
MECL families is shown in Figure 5.

It 15 NOt necessary 10 messure transfer curves st
oll points of the curves. To guarsntee correct
operation it is sufficient merely to messure two
sets of min/max logic level parsmetsrs.

FIGURE 43 — LIMITS BEYOND WHICH DEVICE LIFE MAY BE IMPAIRED

Characteristic Symbol | Unit | MECL 10,000 | M10800 LS! MECL I
Characteristic VEe Vdc -80t00 -80100 -80100
Supply Voltage (Vce = 0) vTT Vde - | -40t0 -
Input Voltage (Vcc = 0) Vin Vde Oto Vg 010 Vgg Oto Vgg
input Voltage Bus (Voc = 0) . Vin Vde - 0to -2.0D -
Output Source Current Tout mAdc 50 50 40

Continuous :
Output Source Current Surge lout | mAdc 100 100 -
Storage Temperature Tyg | °C | -5510+150 | -6510+150 | -5510 +150
Junction Temperature T, oc 165 165 1659
Ceramic Packa
Junction Temperature ) Ty °c 150 - 150
Plastic Package )

NOTES: @Inpm voltage limit is VCC to -2 volts when bus is used as 8n input and the output drivers

are disabled.

@Muimum Tj may be exceeded (< 250°C) for short peviods of time (< 240 hours) without
significant reduction in device life.
(@) Except MC1666 — MC1670 which have
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FIGURE 4b - LIMITS BEYOND WHICH PERFORMANCE MAY BE DEGRADED

MCM: -494 10 -546

Cherscteristics Symbol | Unit MECL 10,000 M 10800 LS! MECL 11t
Operating Tempersture Ta °c MC: -30 to +85 -30 10 +85 -30 to +86
Rangs Commarcisl O MCM: 0 10 78
Operating Temperature Ta °c -85 10 +12% - -85 t0 +125
Renge MIL (MC1648M)
Suoply Voltage (Ve * 0D Vee | vac | MC:-46810-8572 | -46810-872 | -48810-5.72

ond Falt Time (20% 10 80%)

Supply Voitsge (Voe = 0) vyt Vde - -1910-22 -
Output Drive Commerciel - a 50Nt -20Vdc |S50Nt0-20Vdc | 50N t0-20V
Output Orive MIL - n 100 N t0o-20Vde {100 N to -2.0 Vdc -
Mansmum Clock Input Rise . U ns - 10 @

NOTES: (1)With airtiow > 500 ifpm.

@)Functionsiity only. Data thest limits are specitied for =52V 1 0.010 V.
@m ns maximum limit for MC1690, MC 1697, and MC1699.
(@) Except MC1648 which has an internal cutout pulldown resistor.

S ~sm—
Gowe Ouipur
(messures 1ost im.1ah

Test Conairions 23°C
veg $av
01 merches Gave tnput
b diduindadenind 1Appiee tos -ona.n}—

fom

Low
State

Vga ™ 129V
tBwitching Thveshots)

FIGURE 8 — MECL TRANSFER CURVES (MECL 10,@ EXAMPLE)
and SPECIFICATION TEST POINTS

The first set is obwsined by spplying test volt-
o988, ViL min 9d Vi max {sequentially) to the
gte inputs, snd messuring the OR and NOR out-
put leveis to meke sure they are between Voo
max ®nd VOL min. 3d VOHmax d VOHmin
specifications.

The second set of logic level perameters relates
t0 the switching thresholds. This sst of dets is
distinguished by an “A" in symbol subscripts. A
tost voitags, VILA max. is spplied to the gate snd
the NOR end OR outputs sre messured to see
that they are sbove the VoA min 8nd below the
VOLA max levels, respectively. Similer checks are
made using the test input voltage VA min-

The result of these specifications insures thet:

8) The switching threshold (~ Vgg) fells within
the derkest rectangle; L.e. switching does not begin
outside this rectangle;

b) Quisscent logic leveis fail in the lightsst

ronges
e) G d noise

ity s met.

Figure 6 shows the guaranteed MECL 10,000 .

and MECL 111 logic levels and switching thresholds
over specified tempersture ranges. As shown in the
Figure 8 Typicel Trensfer Curves, MECL outputs
rise with incressing ambient temperature. All cir-
cuits in esch family have the same worst-case out-
put level specifications regardiess of power dissi-
pation or junction temperature differences to
reduce loss of noise margin due to thermal dif-
ferences.

All of these specifications assume -5.2 V power
supply operation. Operation at other power-supply
voltages is possible, but will result in further trans-
fer curve changes. Transfer charscteristic dats ob-
twined for a variety of supply voltages are shown in
Figure 7. The table accompsnying these graphs in-
dicstes the change rates of output volitages as a
function of power supply volitsges.
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TRANSFER DATA FOR TEMPERATURE VARIATIONS

il oc
: Ui
o s NI b i
C -
FIGURE 63 — TYPICAL TRANSFER " ”.c” [ on oview
CHARACTERISTICS AS A FUNCTION OUTPUT VOLTAGE .1 3%0 i YA
OF TEMPERATURE (VOLTS) -+ ¥ .
(See tables below for data) S L‘c /l \ s°c o
-1 7%0| $
240¢ N——4— NOR Outout
0% ——4—-3°¢ ]

16 .14 .12 Y0
INPUT VOLTAGE (VOLTS)

Joremt 1 arameter | -859c® |-300¢@| 09c® | 22c@ | 20c® | 75°c® | osc® 1752c®
MC10500 | MC10100 | MCM 10100 MC10100 | MC10500 | MCM10100 MC10100 | MC 10500

MC10600 | MC10200 MC10200 | MC10800 MC10200 | MC10600

MCM 10500 | MC10800 MC 10800 | MCM 10500 MC 10800 |MCM 10500

Vimes = VOMmax | -0880 | -0890 | -08e0 | -081 | -0780 | -0720 | -0.700 082
Vommia | -1080 | -1060 | -1000 | -09e0 | -09% | -0900 | -0800 | -0875

VoMAmin| -1100 -1.080 -1020 -0960 | —0.950 -0920 -0910 | 0845

ViHAmN 1255 | -1208 | -1145 | 1008 | .-1108 | -10e5 | 1035 | -1.000
ViLAmex 1810 | -1500 | -1490 | -1478 | -1478 | -1450 | 1440 | -1.400
Vouames| <1635 | 185s8 | -1ses | -1630 | -1800 | -1008 | -1598 | 1828

VoLmsx | -1655 | 1875 | -1ees | -1ss0 | -1820 | -1625 | 185 | 18548

Vitmin  * VoLmn@| -1920 - 1890 -1870 -1850 -1850 -18% -1825 | ~1820
Vicmo | vt os o8 os 0s os 03 03 03

NOTES MC 10500, MC 10600, and MCM 10500 series specified driving 100 NN10-20 V.
MC10100, MC 10200, 8and MC 10800 series specified Oriving S0Nt-20V.
Memories IMCM 10100} specified 0-75°C for commeicial tempersture renge, 80 N 10 ~20 V. Milstary 10morstucs
range memores IMCM10500) specitied per Note V.
@ Special circusns such a8 MC10123, MC10118, MC10118, snd MC10800 famity bus outputs have lower then normei
VOULmMin. Se¢ individust data sheets for specifuc velues.

Each MECL 10,000 sertes device has besn designed 10 meet the dc 300ci1ications shown in the test tabie, stier thermal equitibrum

has been established The circuit 15 0 8 test socket Of mounted on 8 printed circuit board and transverse Birflow grestey then 500
tinear fpm 13 mantained. VEg = ~52V : 0.010 V.

FIGURE 6b — MECL 10,000 DC TEST PARAMETERS

Forcing
Function | Persmeter | -30°C 3°C ®s°c
v - Von ~0878 -0810 -0.700
IHme vo max 1oes | -oveo | -osso | ELECTRICALCMARACTERISTICS
Ottmun |~ Eoch MECL 111 sorten Govice has been 08signed 1o Meet the de wecifi-
Vonamn | -1068 -osso -o910 cotion shown in the et table, sfter thermsl sauiiDrmm Ras been
VinAmin -1.180 ~1.098 -1.028 estanilshed The Circuit s In 8 1091 SOCST Of MOUNTed On & Printed
v -1818 -1.488 -1.440 circuit Dosrd and transverse sirfiow greater then 8O0 tinser LR
(LA me maintsined Vgg = -82V 10,10V
VoLames | -1830 -1.800 -1888
VouLmen -1680 -1620 -1878
ViLmin  ° VOuLmmn -1.890 -1980 -1.830 .
ViLmmn I HINLmm 08 0.8 03

NOTE All outputs 10sced 80 £ 10 -2.0 Voc except MC 1848 which
hes on internsl output pulidown resistor

FIGURE 6c — MECL 111 DC TEST PARAMETERS
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TRANSFER DATA FOR POWER SUPPLY VARIATIONS

- *02 T
N o 8011 Lose |
<4 2
8 |
2 o6
-
2 .0 ——ﬁ—
- J veg - -38v
3 e 71711
> ~edv
§ e Fif-sav
e0V
22 / 1r
8 -70V
s-n Ta - 23%
i, I 1

)

-32 -28 -24 -20 16 -12 08 o4&
Via INPUT VOLTAGE (VOLTS)

FIGURE 7s — MECL 111/10,000 “OR"

.02 .
50 1! Load
02
I N
06 + —

::—iiiﬁ-v O .

=T

Vout. OUTPUT VOLTAGE (VOLTS)

.22 60 v
Sov 1

-26 }

30 [ Ta «28%

32 -28 24 20 -1¢ -v2 o8 0se ]
Vin. INPUT VOLTAGE (VOLTS)

FIGURE 7b — MECL 111/10,000 “NOR"

Voltage MECL 10,000° MECL Il M10800 LSI
AVon'AVee 0016 0033 0016
AVoLaVege 0.250 0.270 0030
AVgg AVEE 0148 0140 0.015

*and subsets: 10,200. 10,500. 10.600.

N

FIGURE 7C - TYPICAL LEVEL CHANGE RATES

e 108

VOHA mn

1nput ViLa mes | Vina min

Vgg (switching threshold)

Specif Points for Deter Noise Margin
C
g3
NOISE MARGIN

“Noise mergin® is 8 measure of 8 l0giC Circuit’s
resistance 10 undesired switching. MECL noise
margin is defined in terms of the specification
points sur 9 the g threshold. The
critical parameters of interest here are those desig-
nated with the “A” subscript (VOHA min. VOLA
max- VIHA min. VILA mex) in the transfer charac-
terstic curves.

——
ave :' Noise VOHA min
Mergn VinA min
L ron
-0.980 ‘sm-
Av";‘""“'“ Vicamax
sron VOLA mex
-1.630 '
Low
| Store Noise Margin Computations
Guaranteed
Worst-Case de Typical dc
Family Noise Margin Noise Margin
All MECL 10000 0.125 0.210
MECL 11 0.115% 0.200

FIGURE 8 ~ MECL Noise Margin Dats

Guasrsnteed noise margin (NM) is defined as
follows:

NMHIGH LEVEL = VOHA min = VIHA min

NM_ow LEVEL * VILA max ~ VOLA max

To see how noise margin is computed, assume 8
MECL gate drives a similar MECL gate, Figure 8.

At a gate input (point B) equal to V| A max.
MECL gate #2 can begin to enter the shaded transi-
tion region.

e o g e e e e —

This is a “worstcase” condition, since the
VOLA max sPecification point guarantees that
no device can enter the transition region before sn
input equal 10 VLA max s reached. Clearly then,
VILA max 's one critical point for noise margin
computation, since it is the edge of the transition
region.

To find the other criticat volitage, consider the
output from MECL gate ¥1 (point A). What is the
most positive value possible for this voltage (con-
sidering worst case specitications)? From Figure 8
W can be observed that the VOLA max tPecifi-
cation insures that the LOW state OR output from
gate =1 can be no greater than VoL A max.

Note thst VOLA max i§ more negative then
VILA max- Thus, with VOLA max 8t the input
to gate =22, the transition region is not yet
reached. (The input voltage to gate #2 is still 1o
the left of ViLA max On the transfer curve.)

In order to ever run the chance of switching
gete 52, we would need an sdditional voltage,
to move the input from VOLA max t0 VILA
max- This constitutes the “safety factor” known
83 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 levels
shown:

NMiow = VILA max — VOLA max
=-1475V - (-1.630 V)
=155 mV. .

Similarly, for the HIGH state:

NMHIGH = VOHA min = VIHA min
= -0980 V — (-1.105 V)
=125 mV

Anaslogous results sre obtsined when consider-
ing the “NOR"’ transfer data.

Note that these noise margins are absolute
worst case conditions. The lesser of the two noise
margins is that for the HIGH stete, 125 mV. This
then, constitutes the guaranteed margin  8gainst
signal undershoot, and power of thermal dis-
turbances.

As shown in the table, typical noise margins
are usually better than guaranteed — by about 75
mV.

Overshoot H

ndershoot
U il ViHA

MECL WAVEFORM TERMINOLOGY

90%
Vou | 10% Vour
o] |—

t -y ] [0

-ty et .y

MECL 111 Rise and Fall Times MECL 10,000 Rise and Fall Times

Hugh Lovel

50% ; \ Ves
— ViLa
Undershoot | Low Levet

80 Vout NOR

Noise gin is 8 dc itication that can be
colculsted, since it is defined by specification
points tsbulated on MECL dasts sheets. How-
ever, by itself, this specification does not give 8
complete picture regarding the noise immunity of 8
systemn built with 8 particuler set of circuits. Over-
#ll system noise immunity involves not only noise-
margin specifications, but 8lso other circuit-relsted
factors that determine how difficult it is to spply &
noise signal of sufficient magnitude end durstion
10 ceuse the circuit to propagste a faise logic state.
in geners!, then, noise immunity involves line im-
pedances, circuit output impadances, and propags-
tion delsy in sddition to noise-margin specifica-
tions. This subject is discussed in grester detail in
Application Note AN-592.

AC OR SWITCHING PARAMETERS

Timedependent specifications are those that
define the effects of the circuit on a specified in-
put signal, as it travels through the circuit. They
include the time delay involved in changing the
output level from one logic state to another.
In sddition, they include the time required for the
output of 8 circuit to respond to the input si ol,
designated ss propagation delay, or access timae, in
the case of memories. Since this terminology has
varied over the years, and because the “‘conditions”
sssocisted with 8 particular parameter may differ
smong logic families, the common MECL wave-
form end p 08 delsy terminologies are
depicted in Figure 9. Specific rise, fall, and prop-
sgetion delsy times sre given on the date sheet
for esch specific functionsl block, but like the
transfer characteristics, 8C parameters are tempers-
ture end voltage dependent. Typical veriations for
MECL 10,000 are given in the curves of Figure 10.

SETUP AND HOLD TIMES

Setup sand hoild times asre two ac parameters
which can easily be confused uniess clearly defined.
For MECL logic devices, lygqyp 8 the minimum
time (50% — 50%) before the positive transition of
the clock puise (C) that information must be pres-

Vout OR

.. ® Atso designeted tpg

wer,

MECL Propsgetion Delay

FIGURE 93 — TYPICAL LOGIC WAVEFORMS
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FIGURE 9b — MEMORY CHIP SELECT ACCESS TIME WAVEFORM

FIGURE 9c —- MEMORY ADDRESS ACCESS TIME WAVEFORM
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FIGURE 108 — TYPICAL PROPAGATION DELAY t-- versus
Vgg AND TEMPERATURE (MECL 10,000)
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FIGURE 10 — TYPICAL FALL TIME (90% to 10%) versus
TEMPERATURE AND SUPPLY VOLTAGE (MECL 10,100)

FIGURE 10b — TYPICAL PROPAGATION DELAY t4+ versus
Vgg AND TEMPERATURE (MECL 10,000)

.2 —TT
S0 Nl Leadto -20V .L

o, RISE TIME (ne)

1
-3e 44 -8.2 -0 -.8
Vee.SUPPLY VOLTAGE (VOLTS)

FIGURE 10d — TYPICAL RISE TIME {10% to 90%) versus
TEMPERATURE AND SUPPLY VOLTAGE (MECL 10,100)

sent at the Dats input (D) to insure proper opers-
tion of the device. The tq)q is defined similarly as
the minimum time after the positive trensition of
the clock pulse (C) that the information must
remain unchanged st the Data input (D) to insure
Proper operation. Setup and hold waveforms for
fogic devices are shown in Figure 11s.

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

For MECL memory devices, tgetup is the mini-
mum time before the negative transition of the
write enable pulse (WE) that information must be
present st the chip select (CS), Data (D), end
address (A) inputs for proper writing of the select-
ed cell. Similarly thq)g is the minimum time after
the positive transition of the write enable pulse
(WE) that the information must remain unchanged

8t the inputs to insure proper writing. Memory
setup end hold weveforms are shown in Figure
11b.
In specifying devices, M | blishes and
values (sh (1] on the dats
thetul 1or teerup 80D thoig. For most MECL cir-
Cuits, proper device operstion typicelly occurs with
the inputs present for somewhat less time than that
specified for tegiyp 8nd theig.

TESTING MECL 10,000 snd MECL 11!

To obtain results correlating with Motorols cir-
cuit specifications certain test techniques must be
used. A schematic of » typical gate test circuit is
shown in Figure 12a, and a typicsl memory test
circuit in Figure 12b.

A solid ground plane is used in the test setup,
ond cepacitors bypass Vccy, V2. ond VEE pins
0 ground. All power leads and signsl lesds "o
kept o3 short as possible.

The sampling scope interface runs directly to
the 50-ohm inputs of Channe! A snd B vie 50-
ohm coaxisl cable. Equsl-length coaxis! csbles
must be used between the test set and the A and
8 scope inputs. A 50-ohm coax csble such es
RGS8/U or RG1BBA/U, is recommended.

Interconnect fittings should be 50 ohm GR,
BNC, Sealoctro Conhex, or equivelent. Wire length
should be < % inch trom TP;, to input pin snd
TPout 10 Output pin,

FIGURE 11b — SETUP AND HOLD WAVEFORMS
FOR MECL MEMORIES (WRITE MODE)
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SECTION Il — OPERATIONAL DATA

The pulse generator must be capable of 2.0 ns
rise and fall times for MECL 10,000 and 1.5 ns for
MECL 114, In add , the g ge must
have an offset to give MECL signatl swings of X
2400 mV about & threshold of 40.7 V when
Ve = 420 V and Vgg = =3.2 V for ac testing of
logic devices.

The power supplies are shifted +2.0 V, 0 that
the device under test has only one resistor value to
load 1nto — the precision 50-0hm input impedance .
of the sampling oscilloscope. Use of this technique
vields a close correlation between Motorola and
customaer testing. Unused outputs are loaded with 3
50-0hm renistor (100-0hm for MIL temp devices)
to ground. The positive supply (Vo) should be
decoupled trom the test board by RF type 25uF
capacitors 10 ground. The Ve pins are bypassed
to ground with 0.1 uF, 83 13 the Vg pin.

Additionsl information on testing MECL
10,000 and understanding data sheers is found in
Application Notes AN-S79 and AN-701.

Chonnet &

* Motchas 30 o cooe
° T 01wt amousies tiature
ceee

Y30 ohm, MC10Sxx

devices only. *20v 32w

Vee Vee

NOTE: Al power supply lev
2 voits positive.
FIGURE 122 - MECL LOGIC SWITCHING
TIME TEST SETUP
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POWER SUPPLY CONSIDERATIONS

MECL circuits are characterized with the Ve
point at ground potentisl and the VEg point st
=52 V. While this MECL conventuion is not neces-
sarily mandatory, it does result in Maximum noise
immunity. This 1s 30 because any noise induced on
the Vg line is applied 10 the circuit 8s 8 common-
mode signa! which is rejected by the differentisi
action of the MECL input circuit. Noise induced
into the Voo line is not cancelled out in this
fashion. Hence, » good system ground at the V¢
bus is required for best noise immunity.

Power supply regulation which will achieve 10%
reguiation or better at the device level is recom-
mended. The -5.2 V power supply potentisl will
result 1n best circuit speed. Other values for Vgg
may be used. A more negative voltage will incresse
noise margins at a cost of increased power dissipa-
tion. A less negative voltage will have just the
opposite effect.

On logic cards, @ ground plane or ground bus
system should be used. A bus system should be
wide enough to prevent sigmificant voltage drops
between supply and device and to produce 8 low
source inductance.

Although little power supply noise is generated
by MECL logic, power supply bypass capacitors sre
recommended to handle switching currents caused
by stray capacitance and assymmetric circuit
loading. A parallel combination of a 1.0 uF snd
8 100 pF capacitor st the power entrance 10 the
board, and a3 001 uF low-inductance cepacitor
between ground and the -52 V line every four
10 six packages, are recommended.

Most MECL 10.000 and MECL 11l circuits have
two Ve feads. Vot supplies current to the out-
put transistors and V(2 s connecied to the
circuit logic transistors. The separate Vcc Pins
reduce ¢ phing between indi
within a package when the outputs sre driving
heavy loads. Circuits with large drive capability,
similar to the MC10110, have two Vo pins. All
Ve pins should be connected to the ground plane
or ground bus as close 10 the package as possible.

For further discussion of MECL power supply
considerations 10 be made in system designing, see
MECL System Design Handbook.

POWER DISSIPATION

The power dissipation of MECL functions!
blocks is specitied on their respective data sheets.
This specification does not include power dis-
sipated in the output devices due to output ter-
mination. The omission of internal output pull-
down resistors permits the use of external ter-

minations designed 1o yield best system perfor-
mance. To obtain total opersting power dissipation
of s perticular functions! block in 8 system, the
dissipation of the output transistor, under load,
Must be added 1o the circuit power dissipation.

The table in Figure 13 lists the power dissipation
in the output transistors plus that in the external
terminsting resistors, for the more commonly used
terminstion values and circuit configurations. To
obtain true package power dissip8t10n, ONE OutPut-
transIstor power-dissipanion value must be added
10 the specified package power dissipation for each
externg! " used in i
with thst package. To obtain system power di-
sipation, the stated dissipation in the externs!
terminating resistors must be added as well.
Unused outputs draw no power and may be
gnored.

Oviput Tormineting

Trarvwstor Resstor

Power Power

Resistor Valwe tmw) (mwy)
150 ohms to0 -2 0 Vde 50 43
100 ohms 10 -2 0 Vde 14] (1]
75 ohms to -2 0 Vdc 10 87
50 ohmito 20 Vdc 1% 13
20k ohms 10 Vgg 28 7
10k ohmto Vg a9 154
680 ohm 10 Vg 72 776
510 ohms to VEg 97 302
270 ohms 10 Vgg 183 572
82 ohms to Ve end 3 )

130 ohms to0 VEg

FIGURE 13 — AVERAGE POWER DISSIPATION
IN QUTPUT CIRCUIT WITH EXTERNAL
TERMINATING RESISTORS

The power dissipation of MECL functional
blocks varies with both tempersture snd VEE.
Typical varistions are shown in Figure 14. The
graph is normalized so that it applies 10 ot MECL
lines. The reference temperature is 25°C and
the ref power is by muttiplying the
typical 1g velue {tots! power supply drain current
specified on the data sheetl by Vgg (5.2 V). For
those devices where only the maximum wvelve of
1g # wecified on the dets sheet, typical power
dissipation is approximately 80% of that calculated
with the {E (mgyx) SPeCiication.
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LOADING CHARACTERISTICS

The differentisl input to MECL circuits offers
seversl  adch Q hs de-rejection
festure offers immuaity against power-supply
noise njection, and its relatively high input
wnpedance makes it possible for any circut to
drive a cel v lerge of inputs h

of the gus d noise margin.

Hence, dc fanout with MECL circuits does not

normally present a design problem.

Graphs showing typical output voltage levels
88 8 function of losd current for MECL 111 and
10.000 are shown 1n Figure 15. These graphs can
be used 10 determine the actual output voltages for
losds 9 al .

Whiie dc loading csuses 3 changes in output
ge levels, th v 9 1o affect noise
oins, ac loading i the

associated with the cicuit and, therefore, affects

circuit speed, primarily rise and fall times.

NWOAD LINES SOR TEAMINATION 'O 2 Ovoe' 29°C
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FIGURE 15 - OUTPUT VOLTAGE LEVELS
versus DC LOADING

Terminated transmission line signal inter-
connections are used for best MECL 10,000 or
MECL il system performance. The propagation
delay and rise time of a driving gate are affected
very little by itance loading along 3 d
paraliel i d ion fine. However, the
delay and characteristic impedance of the trans-
mission line itself sre atfected by the distributed

. Signal p gati down the line will

be increased by a factor, v/ 1+C4/Cq. Here C is

the normal intrinsic line capacitance, and Cq is the

due to loading and stubs

distributed
off the line. .
Maxi Nlowable stub lengths for loading off

MECL 10,000 and MECL NI circuits typically
have » 7 ohm output i and are relatively
uwnatfected by capaci ! 9 On 8 p i
90ing output signal. H ., the negative-going

of 8 MECL 10,000 transmission line vary with the
line impedance. For example, with Z, = 50 ohms,
stub length would be 4.5 inches (1.8 in.

edge is dependent on the output pulldown or
termination resistor. Loading close to 8 MECL
output pin will cause an additional propagation
detay of 0.1 ns per fanout load with a 50 ohm
resistor to -2.0 Vdc or 270 ohms to -5.2 Vde.
A 100 ohm resistor 10 -2.0 Vdc or 510 ohms
10 ~5.2 Vdc resuits in an additions! 0.2 ns propaga-
tion delay per fanout load.

for MECL 111). But when Z, = 100 ohms, the
maximum allowable stub iength is decreased to
2.8 inches (1.0 in. for MECL 111},

Theinput loading capacitance of s MECL 10,000
gate is about 2.9 pF and 3.3 pF for MECL 1. To
sliow for the IC connector or solder connection
and a short stub length, 5 to 7 pF is commonly
used in loading calculstions.

UNUSED MECL INPUTS

The input impedance of a differentiat amplifier,
as used in the typical MECL input circuit, 18 very
high when the applied signal level is low. Under
low -signal conditions, therefore, any leakage to the

input pulldown resistor values are typicsily 50
k2 and are not 10 be used as pulldown resistors
for preceding open-emitter outputs.
Several MECL devices do not have npyt
1, 3 les sre the differentisl line

1nDuUt capacitance of the gate could cause 8 gradual
buildup of wvoltage on the Nput lead, thereby
adversely affecting the switching characteristics
at low repetition rates.

ANl single-ended input MECL logic circuits
contain 1input pulidown resistors between the input
transistor bases and VEg. As a result, unused
1nputs may be left unconnected (the resistor pro-
vides a8 sink for ICBO leakage currents, and inputs
are held sufficiently negative that circuits will not
trigger due 10 noise coupled into such inputs).

receivers. If o single differentisl receiver within o
Packsge is unused, one input of that receiver must
be tied to the Vgg pin provided, and the other
input goes 10 Ve Also, seversl MECL memories
do not have input pulldowns on sif inputs.

Severat MECL circuits do not operste properly
when inputs sre connected to Ve for a HIGH
logic level. Proper design practice is 10 set a HIGH
level a3 about -0.9 volts below Ve with 8 resistor
divider, a diode drop, or an unused gate outpuyt.

I i * S ", S e
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. SECTION IV — SYSTEM DESIGN CONSIDERATIONS

THERMAL MANAGEMENT

Circuit  performance and long-term circuit
tehability are affected by die temperature. Nor-
mally, both sre mproved by keeping the IC
junction temperatures low.

Etectrical power di d in any 9
circut is 8 source of hest. This hest source increases
the temperature of the dre relative to some refer-
ence point, normally the ambrent tempersture of
25°C 1n still air. The tempersture increase, then,

on the of power dissipated

8;c = average thermal resistance, junction
to case

FCa = average thermal resistance, case 1o
ambient

A = average thermal resistance, junction
to ambient

This Motorola recommended formula has been
spproved by RADC and DESC for caiculsting
a8 “'practical” maximum operating junction tem-
perature for MIL-M-38510 (JAN) MECL 10,000

in the circuit and on the net thermal
between the hest source and the reference pont.

The temperature st the junction 13 8 function
of the packaging and mounting system's ability
1o remove heat generated in the circuit—from the
junction region to the ambient environment.
The basic formula (a) for converting power dissi-
POLION 10 estiMated JUNCTION teMpPerature s

Ty=Ta+Pp@Eyc+dca) m
or ~
Ty=Ta+Ppld,a) @
where
Ty = [l pe .
Ta = maximum ambient temperature
Pp " 1ated power

including effects of external loads (ses
Power Dissipation in section 1),

Only two terms 0n the right side of equation (1)
can be varied by the user —the ambient temperature,
and the device case-10-ambient thermal resistance,
ICA- (To some extent the device power dissipation
can be slso controlled, but under recommended
use the Vgg supply and losding dictate a fixed
power dissipation.) Both system air flow and the
package mounting technique affect the 8ca
thermal resistance term. FJC is essentially indepen-
dent of awr flow and external mounting method,
but is sensitive to package materisl, die bonding
method, and die area. .

For applications where the case is held at
essentially 8 fixed temperature by mounting on
8 large or temperature-controlled heat sink, the
estimated junction temperature is calculated by :

Ty=Te +Ppldyc) (3)

FIGURE 16 — THERMAL RESISTANCE VALUES FOR STANDARD MECL IC CERAMIC PACKAGES

THERMAL RESISTANCE IN STILL AIR

Pachage Type
(AR Unng Standerd® Mounting)

L)
*crvem)

osc
°cman)

(AR Gold Eutectic Die Bond)

Aversge

Masimum Average Maximum

14 Lesd Duss In Line
16" 2 34" Alumeang
D Ares = 4096 Sq Mus

10 2s 40

14 Looa Fron Pac
187 X 14" Awmane
D Ares 4096 Sa Mils

16 Loe0 Ove! In Line
1787 X 3/4" Alumine
00 Ares 4098 Sq Mae

190 20 40

16 Leao Fist Poch
167 ¥ 38" Serytis
00 Areq = 4096 Sq. Mg

"se 3 ’ 20

20 Lesa Oust 1n Line
1aT X VT Alumne
Ow Ares = 11.349 Sq Mis

”

24 Lead Oust In-Line
VT AN V4 Aluming
O Ares » 8192 S@ Mus

a8

[ 1] 10 18

82 e 19

48 Loed Ouad In Line (QUIL)
V2R VAT Alumng
O Aree » 16.284 Sq Mug

*Standerd Meunting Memods

Oust 1n Line In sochet or on PC Boerd with ne conwsct Between bottom of peckege end socket or

PC Seore

P1at Pach . Botsam of Peck oge n Oirect contact with non metslli2ed wes of PC Boerd
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4

where Tc = maximum case temperature and the
other parameters are as previously defined.

The maximum and average thermal resistance
values for standard MECL IC packages sre given
in Figure 16. In Figure 17, this basic dats is con-
verted into graphs showing the maximum powsr
dissipstion sliowable at various smbient tempers-
tures {suill air) for circuits mounted in the different
packages, taking into account the maximum per-
missible operating junction temperature for long
term hife (> 100,000 hours).
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FIGURE 17a — AMBIENT TEMPERATURE DERATING

CURVES (CERAMIC DUAL-IN-LINE PKG)
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FIGURE 17b - AMBIENT TEMPERATURE DERATING

CURVES (CERAMIC FLAT PKG)

AIR FLOW

The effect of air flow over the packages on & )5
(due 10 » decrease in 8cpa) is illustrated in the
graphs of Figure 18. This air flow reduces the
thermal resistance of the package, therefore
permitting 8 corresponding increase in power dissi-
pation h g the per ibl
opersting junction temperature.

As an example of the use of the information
sbove, the maximum junction temperature for
8 16 lead ceramic dual-inline psckaged MECL
10,000 quad OR/NOR gate (MC10101L) loaded
with four 50 ohm loads can be calculated. Maxi-
mum total power dissipation (including 4 output
loads) for this quad gate is 195 mW. Assume for
this thermal study that air flow is 500 linear feet

1-21

O30 AVERASE THEAMAL RESISTANCE (*CAW

per minute. From Figure 18, 34 is 500C/W. With
Ta (air flow temperature st the device) equal to

250C, the foll g v temper-

sture results:

Ty=Po@a) +Ta
T3 = (0.195 W) (500C/W + 250C = 34 80C
Under the sbove opersting conditions, the

MECL 10.000 qued gate has its junction elevated
sbove smbient tempersture by only 98°C.
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FIGURE 182 — AIRFLOW versus THERMAL
RESISTANCE (CERAMIC DUAL-IN-LINE PKG)

T

AN

I

— 14 Lot | Ao gl
— S

16 Loss tBerywal

M Lood Beryns)

"R Asa (Lonpw s Axhow apee s mesety same viect s I A From

AIRF LOW (g}

FIGURE 18b — AIRFLOW versus THERMAL
RESISTANCE (CERAMIC FLAT PKG)

Even though different device types mounted
on 8 printed circuit board may each have different
power dissipations, all will have the same input and
output levels provided that each is subject to
identicsl sir flow and the same ambient air
tempersture. This eases design, since the only

in levels b d is due to the
increase in ambient temperatures as the sir passes
over the devices, or differences in ambient tem-
persture between two devices.

The majority of MECL 10,000, 10800, and
MECL 11l users employ some form of air-fiow
cooling. As it passes over each device on 8 printed
circuit board, it absorbs hest from esch package.
This heat gradient from the first package to the last
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package is 8 function of the sir flow rate and
~ individual peckage dissipations. Figure 19 provides
gradient data at power levels of 200 mW. 250 mW,
300 mW, and 400 mW with an aw fiow rate of
S00 ifpm. These figures show the proportionate
increase in the junction tempersture of each dust
indine peckage a3 the 8ir pesses over each device.
For higher rates of air fiow the change in junction
tempersture from package to package down the
strstream will be lower due to greater cooling.

Power D = T Gi
(V) (°CPackage)
200 04
250 oS
300 063
400 088

Devices mounted on 0 062" PC board with 2 axis specing of

05", Aw tiow % 500 Wom siong the Z snis.

FIGURE 19 — THERMAL GRADIENT OF
JUNCTION TEMPERATURE
{16-Pin MECL Dual In-Line Package)

THERMAL EFFECTS ON NOISE MARGIN

The data sheet dc specitications for standard
MECL 10.000, 10800, and MECL 11l devices are
gwven for an opersting temperature rasnge from
-30°C 10 +85°C (0° 10 +75°C tor memorres) in
Figure 6b and 6¢c of Secuion 11, TECHNICAL
DATA. These values are based on having an sirflow
of S00 ifpm over socket or P/C board mounted
packages with no special heat sinking (i.e., dusl-in-
hne package mounted on lead seating plane with
no contact between bottom of package and socket
or P/C board and fist package mounted with
bottom n direct with ores
of P/C board). Under thess conditions, adequate
coolng is prowided 10 keep the maximum operating
junction temperatures below 145°C for MECL 111
device types 1666-1670 and beiow 165°C for sh
other MECL device types.

The desgner may want to use MECL devices
under conditions other than those grven above. The
maority of the low-power device tlypes msy be
used without sir and with higher 355. However,

The following sections on package mounting and
heat sinking are intended to provide the designer
with sufficent information to insure good noise
maerging and high reliability in MECL system use.

MOUNTING AND HEAT SINK SUGGESTIONS

With large high-speed logic systems, the use
of multilayer printed crcuit boards is recom-
mended to provide both a better ground plane and
a8 good thermal path for heat dissipation. Also, 8
multilayes board aliows the use of microstrip line

h to pr L] line inter-
connections.

Two+sided printed circuit boards may be used
where board dimensions and package count sre
smail. If possible, the Vce ground plane should
face the bottom of the package to form the
thermal conduction plane. If signal lines must be
pisced on both sides of the board, the Vgg plane
may be used as the thermal plane, and at the same
time may be used as a pseudo ground piane. The
pseudo ground plane becomes the ac ground
reference under the signal lines placed on the same
side as the VCc ground plane (now on the opposite
side of the board from the packages), thus main-
taning 8 microstrip signal line environment.

Two-ounce copper P/C bosrd is recommended
for thermal conduction and mechanical strength.
Also, mounting holes for low power devices may
be countersunk to allow the package bottom to
contact the hest plane. This technique used along
with thermal paste will provide good thermal
conduction.

Printed channeling is a useful technique for
conduction of heat away from the packages when
the devices are soldered into a printed circuit
boasrd. As illustrated in Figure 20, this heat dis-
sipation method could also serve as Vgg voltage
distribution or as 3 ground bus. The channels
should terminate into channel strips at each side
or the rear of 3 plug-in type printed circuit board.
The heat can then be removed from the circuit
board, or board slide rack, by means of wipers
that come into thermal contact with the edge

the designer must bear in mind that |
temperatures will be higher for higher 85, even
hough the b " the same.
Higher junction temperatures will cause logic
ftevels to shift.

As an example, 3 300 mW 16 lead dual-indine
ceramic device opersted at 8,54 = 100°C/W (in
still air) shows 8 HIGH logic tevel shift of about
21 mV sbove the HIGH logic level when operated
with 500 ifom s How and a 8,4 = S0°C/W.
{Level shift = 3Ty x 1.4 mV/OC).

if logic teveis of ndividusl devices shift by
different amounts (depending on Pp snd 8 ja).
noise ging ere h i d. Therefore,
the system designer must lay out his system
bearing 1n mind that the mounting procedures 10
be used should minsmize thermal effects on
noise margin.

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

e

For operating some of the higher power device
types® in 16 lead dual-in-line packages in still sir,
requiring B ja < 100°C/W, 8 suitable heat sink is
the IERC LIC-214A2WCB shown in Figure 21.
This sink reduces the still sir Ja to sround
650C/W. By mounting this heat sink directly on 8
copper ground plane l(using silicone paste) and
passing 500 ifpm sir over the packages, 0)a it
reduced to approximately 350C/W, permitting use
st higher ambient temperstures than +850C
(¢759C for memories) or in lowsring TJ for im-
proved reliability.

N Mounting

1 Scrows
' ' Reteiner Clip

1ERC OC
! — 0000808

18F1ne Ousl
inLine
Ceramic
Pockoge

Hest Dunpstor
1ERC LIC-214A2WCS

Therme!
Poste
w‘_‘/ - Mounting
Sw V/@ . ‘/-. Hole
Lines ‘\{L
Muttl-Lever
PC Board

FIGURE 21 — MECL HIGH-POWER
DUAL-IN-LINE
PACKAGE MOUNTING METHOD

11 should be noted that the use of » hest sink
on the top surface of the dust-in-line package is not
very effective in lowering the 8 4. This is due to
the location of the die nesr the bottom surfsce of
the package.

Also, very little (< 10%) of the internal heat is
withdrawn through the package leads due to the
isolation from the ceramic by the solder glass
seais and the limited heat conduction from the die
through 1.0 to 1.5 mil sluminum bonding wires.

INTERFACING MECL TO
SLOWER LOGIC TYPES

MECL its are interf with most
other logic forms. For MECL/TTL/DTL inter-
faces, when MECL is operated a1 the recommended
-6.2 volts and TTL/DTL st +5 V supply, currently
svailable transistor circuits, such as the MC10124
and MC10125, may be used.

For systems where s dual supply (-5.2 V and
+5 V) is not practicsl, the MC12000 includes 8
single supply MECL to TTL and TTL to MECL
transiator, or 8 discrete component transliator can
be designed. For details, see MECL System Design
Handbook. Such circuits can easily be made fast
enough for any available TTL.

MC1854, 1678, 1694, 10128, 10129, 10136, 10137,
10177, 10182, snd 10804. Max Py > 800 mw.

1.23

MECL also interfaces readily with MOS. With
CMOS operating st +5 V, any of the MECL to
TTL transiators works very well. On the other
hand, CMOS will drive MECL directly when using
8 common =52 V supply.

Specific circuitry for use in imerfacing MECL
families 10 other logic types is given in detail in the
MECL System Design Handbook.

Compiex MECL 10,000 functions sre presently
svailable t0 interface MECL 10,000 with MOS
logic, MOS memores, TTL threestste circuits,
and 1BM bus logic levels. See Application Note
AN-720 for add 1 interfacing infor

CIRCUIT INTERCONNECTIONS

Though not necessarily essential, the use of
multilayer printed circuit boards offers a number
of »a ges in the N of high-speed
fogic cards. Not only do multilsyer bosrds achieve
8 much higher peckage density, interconnecting
leads are kept shorter, thus minimizing Propags-
tion delsy between packages. This it particularly
beneficial with MECL 111 which has relstively fast
(1 ns) rise and fall times. Moreover, the unbroken
ground pisnes made possible with multilayer
boards permit much more precise control of trans-
mission line impedances when these are used for
interconnecting purposes. Thus multitayer boards
sre recommended for MECL 111 layouts and sre
justified when operating MECL 10000 at twop
circuit speed, when highdenity peckaging is @
requirement, Or when transmision line inter-
connects are used.

Point-10-point  back-piene wiring without

hed line ter s may be empioyed for
MECL interconnections if line runs sre kept short.
At MECL 10,000 speeds, this appiies 10 line runs
up to 6 inches, and for MECL Il up to 1 inch
{maximum open wire lengths for less than 100 mv
undershoot). But, of the ope ter
outputs of MECL 10,000 snd MECL 1) circuits,
puli-down resistors are siweys required. Seversl
ways of connecting such pull-down resittors sre
shown in Figure 22.

Resistor values for the connection in Figure 229
may renge from 270 ohms to 2 k12 depending on
power snd load requirements. (See MECL System
Design Handbook.} Power may be saved by con-
necting pull-down resistors in the range of 50 ohms
(100 ohm minimum for MC10,500 and MC10.600
Series parts) 10 150 ohms, 10 -2.0 Vdc, 8s shown
in Figure 22b. Use of » series demping resistor,
Figure 22c, will P issibl gths of

i i , with some

foss of edge speed.

With proper choice of the series demping
renistor, line leng! can be ded to any
length,** while limiting overshoot and undershoot
10 8 predetermined smount. Damping resistors
usually range in value from 10 ohms 10 100 ohms,
depending on the line length, fanout, and line
impedance. The open emitter-follower outputs of
MECL 11l and MECL 10,000 give the system
designer ail possible ling driving options.

Limited onty by hne sttenustion end bend
width charactenstics.

T



Rp
-s2v 1)

Ry
-20v(vry) [TY)
ny 4

"y
. -s2v )

FIGURE 22 - PULL-DOWN
RESISTOR TECHNIQUES

One major advantage of MECL over ssturated

-52v

FIGURE 23b - PARALLEL TERMINATION
—THEVENIN EQUIVALENT

Another popular approach is the series-
terminated transmussion line (see Figure 24). This
differs from parailel termination in that only
one-haif the logic swing is propagated through the
lines. The logic swing doubles at the end of the
transmission hine due to reflection on an open line,
again estabhishing a full 10gic swing.

10gic 18 1ts capability for driving h

transmission hines. Use of transmission hines retains
s1gnal integrity over long distances. The MECL 1)
and MECL 10,000 emitter-follower output transis-
tors wil drive 3 50-ohm transmission hine (100
ohms or greater for MECL 10,500 and MC10.600
Seres) terminated 10 -20 Vdc. This 1 the equi-
valent current load of 22 mA in the HIGH logic
state and 6 mA in the LOW state.

Paraltel ter of ur lines can be
done 0 two ways. One, as shown in Figure 23a,
uses 8 single resistor whose value s equal to the
impedance (Z,) of the line. A terminating voltage
(Vyy) of -20 Vdc must be supplied 10 the
umwmm. resistor.

d of i uses
8 poir of resistors, R1 and R2. Figure 23b ilustrates
this . The f g two are used
10 calculate the values of Rl and R2:
R1=1682,

A2-282,

e

vyr (-20vV)

FIGURE 23s — PARALLEL TERMINATED LINE
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FIGURE 24 — SERIES TERMINATED LINE

To maintain clean wave fronts, the input
impedance of the driven gate must be much greater
than the characteristic i/mpedance of the trans-
mission line. This condition s satisfied by MECL

circuits which have high impedance inputs. Using

the appropriate terminsting resistor (Rg) at point
A (Figure 24}, the ref in the tr
line will be terminated.

The sdvantages of series termination include
ease of driving multiple series-terminated lines, low
power consumption, and low cross talk between
adjacent lines. The disadvantage of this system
is that loads may not be distributed slong the
transmission line due to the one-halt logic swing
present at intermediate points.

For board-tobosrd interconnections, coaxial
cable may be used for signal conductors. The
terminstion techniques just discussed also apply
when using coax. Coaxial cable has the advantages
of good noise immunity and low attenuation at
high frequencies. No significant performance
degradation occurs for lengths up to 20 feet for
MECL 111, and up 10 50 feet for MECL 10,000.

R L IO ey

Twisted pair lines sre one of the most popular
methods of interconnecting cards or panels. The
complementary outputs of any MECL il or
MECL 10,000 function are connected to one end
of the twisted pair line, and any MECL differentisl
line receiver 10 the other as shown in the example,
Figure 25. Ry is used to terminate the twisted
pair line. The 1 10 1.6 V common-mode noise
rejection of the line receiver ignores common-mode
cross talk, permitting multiple twisted psir lines
to be tied into cebles. MECL signals mey be sent
very long distences (> 1000 feet) on twisted pair,
sithough line sttenustion will limit bsndwidth,
degrading edge speeds when long line runs
sre made.

FIGURE 25 — TWISTED PAIR LINE
DRIVER/RECEIVER

If timing is criticel, paratiel signal paths (shown
in Figure 26) should be used when fanout to
several cords is required. This will eliminste
distortion caused by long stub lengths off
signal path,

Wire-wrspped connections can be used with
MECL 10,000. For MECL i1, the fast edge speeds
(1 ns) creste @ ch st the wi L]
tions which can cause reflections, thus reducing
noise immunity. The mismatch occurs siso with
MECL 10,000, but the distance between the
wire-wrap connection and the end of the line is

P

Series demping nlmon may bo und w-lh wire-
wrapped lines to J
wiring lengths. Twisted u-r lines may be und
for even longer distances across large wire-wrapped
cards. The twisted peir gives 8 more defined
characteristic impedance (than 8 single wire), snd
can be connected either single-ended, or differ-

iy using a line iver.

The i clrcuit cards
heve 8 ground plane on one side snd 8 voltage
plane on the other, to insure 8 good ground end
8 stable volitage source for the circuits. In sddition,
the ground pisne nesr the wire-wrapped lines
lowers the impedence of those lines end facilitates
terminating the line. Finally, the ground pisne
s8rves 10 minimize cross talk between persiiel peths
in the signel lines. Point-to-point wire routing is
recommended because cross tatk will be minimized
ond line lengths will be shortest. Commercist
wirewrsp boards designed for MECL 10,000
are availsble from several vendors.

Microstrip snd Stripline

Microstrip and stripiine techniques are used
with printed circuit boards to form trensmission
lines. Microstrip consists of 8 constantwidth
conductor on one side of @8 circuit board, with
® ground piane on the othov side lshown in anro
27). The istic
by the width snd thick of the i . the
thickness of the circuit board, snd the dnncm:
constant of the circuit bosrd materisl.

Stripline is used with multilsyer circult boerds
as shown m F»quu 27. Stripline consists of a
two ground

planes.

Refer to MECL System Design Handbook for
8 full discussion of the properties end use of these
lines.

generally short gh 30 the ions cause
no problem.
J_———— Cord A
%n. Cerd C
Vee
.
e Cord A
IG
Cora 8
2o
Cors C
Zo < <
9 S T Ay =2Z,teeen)
1 <
x)
*Muftiple output gate ag MC10110 Vry

ooove 0T A

N

FIGURE 27 — PC INTERCONNECTION
LINES FOR USE WITH MECL

FIGURE 26 — PARALLEL FANOUT TECHNIQUES
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# . CLOCK DISTRIBUTION

> Clock distribution can be 8 system problem. At
MECL 10,000 speeds, either coaxis! cable or
twisted pair hne (using the MC10101 end
MC10115) can be used to distribute clock signals
throughout 8 system. Clock line lengths should be
controlled and matched when timing could be
critical. Once the clocking signals srrive on card,
8 tree distribution should be used for large-fanoyts
ot high | y. An ple of the heats
of this technique is shown in Figure 28.

Pon Ouvt = 4 toun

OnCore
o-
om . 3
o—
N
~
.

FIGURE 28 — 84 FANOUT CLOCK DISTRIBUTION

Becsuse of the very high clock rates encountered
in MECL 11l systems, rules for clocking are more
rigorous then in slower systems.

The following guidelines should be followed for
best results:

A. On<card Syncrh Clock Di

vie Transmission Line

1. Use the NOR output in developing clock
chaing or trees. Do not mix OR and NOR outputs
in the chain.

2. Use betenced fenouts on the dock drivers.

3. Overshoot can be reduced by using two
peraitel drive lines in place of one drive line with
twice the lumped losd.

" 4. To minimize clock skewing problems on

/" synchronous sections of the system, line delays
/ should be matched to within 1 ns.

/ 5. Parallel drive gates should be used when

clocking repetition rates are high, or when high ~
. capacitance loads occur. The bandwidth of o
MECL 111 gate may be extended by paraileling
both halves of a dual gate. Approximately 40 or
50 MHz bandwidth can be gained by paralieling
twoO or three clock driver gates.
6. Fanout limits should be spplied to clock

load per driver for best high
performance. Avoi at the end
of lines greater than 3 inches. A lumped loed, if
used, should be four or fewer loads.

7. For wire-OR (emitter dotting), two-way
lines (b ) sre ded. To produce such
lines, both ends of s transmission line are ter-
minated with 100-0hms impedance. This method
should be used when wire-OR connections exceed
1 inch apart on 8 drive line,

8. Otf-Card Clock Distribution

1. The OR/NOR outputs of an MC1660 may
be used to drive into twisted peir lines or into flat,
fixed-impedance ribbon cable. At the far end of
the twisted psir an MC1692 differential hine
receiver is used. The line should be terminated as
shown in Figure 25. This method not only provides
high speed, board-to-board clock distribution, but
3150 provides system noise margin advantages.
Since the line receiver operates independently of
the Vgg reference voltage (ditferential inputs) the
noise margin from board to board is siso indepen-
dent of temperature differentials. ’

LOGIC SHORTCUTS

MECL circuitry offers several logic design’
convenisnces. Among these are:

1. Wire-OR (can be produced by wiring MECL
output emitters together outside packages).

2. Compl vy Logic Outp {both OR
and NOR are brought out 10 psckage pins in most
cases).

An exampie of the use of these two features 10
reduce gate and package count is shown in Figure
29.

‘3—4 AB + D
L] Rp
c
D —z—c +D+EVF+C
€ Rp c
[3
G L A+B+E+F+C
MC10108 §:p
FIGURE 29 ~ USE OF WIRE-OR AND
COMPLEMENTARY OUTPUTS
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The connection shown saves several gate
circuits over performing the same functions with
non-ECL type logic. Also, the logic functions in

® Figure 29 are 3l sccomplished with one gate
propagation delsy time for best system speed.
Wire-ORing permits direct connections of MECL

circuits to busses. IMECL System Design Hand- *

book and Application Note AN-726).

Propagation delay is incressed spproximately
50 ps per wire-OR connection. In general, wiu-OB
should be timited to 6 MECL outputs to maintain

8 proper LOW logic level, The MC10123 is an
exception to this rule because it has 8 special
VoL leve!l that sltows very high fanout on s bus
or wirg-OR line. The use of a single output pull-
down resistor is recommended per wire-OR, to
economize on power dissipstion. However, two
pult-down resistors per wired-OR can improve fall
uimes and be used for double terminstion of busses.

Wire-OR should be done between getes in a
package or nearby packasges 10 avoid spikes due to
line propagation delay. This does not apply to bus
fines which sctivate only one driver st 8 time,

SYSTEM CONSIDERATIONS — A SUMMARY OF RECOMMENDATIONS

MECL 10,000 MECL 10t
Power Supply Regulstion 10% or better® 10% or better®
0
On-Card Temperature Gradient Less Than 25°C Less Than 25°C
M Non-Tra ion Line 8" 1
Length {No Damping Resistor)
Unused Inputs Leave Open®*® Leave Open**
PC Board Standard 2-Sided or Muitilayer
Multitayer
)
Specisl Cooling Requirements No N‘o
Bus Connection Capability « Yes (Wire-OR) Yes (Wire-OR)
MSI/LSI Parts Yes ‘ Yes (MSH)
Maximum Twisted Pair Length Limited by Cable Response Limited by Cabile Rnpos:m
{Difterential Drive) Only, Usually > 1000° Only, Ususlly > 1000
The Ground Piane to Occupy - > 50% > 75%
Percent Area of Card
Wire Wrap may be used Yes Not Recommended
Compatible with MECL 10,000 - Yes

* At the devices.

**Except special functions without input pull-down resistors.

.
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@ ABORTS TEST

1 HALT ON ERROR
2 PRINT CYCLE COUNT

3 LOOP ON TEST

4, 5, €, SELECT TEST

@ ¢ @ => TESTS 1| THRU 4

@ 1 => TEST 1| DISCRETE CONTROLLER TESTS
@ 1 8 => TEST 2 DIAGNOSTIC MODE

@ 1 | => TEST 3 SIZE/WRITE PROTECT

1 6 @ => TEST 4 DATA TRANSFER (SECTOR)

1 8 1 => TEST 5 DATA TRANSFER (SUB SECTOR)
1 1 @ => TESTS 1, 2 AND 4

1 1 1 => TESTS 2 AND 4

7 READ ONLY

8 WRITE ONLY

9 INHIBIT DATA ERROR PRINT

19 INHIBIT STATUS ERROR PRINT
11 INHIBIT END GF TEST PRINT
12 TWO READS PER WRITE INHIBIT

13, 14,
o 2
] ]
] 1
)] i
1 7]
i @
i 1
1 i

15 SELECT DATA PATTERN

@ => ALL PATTERNS

1 => RANDOM

@ => INCREMENTING

1 => TRACK/SECTOR 1ID
@ => WORST CASE

1 => ONES

@ => ZEROES

1 => SELECTABLE

SET DATA SWITCHES - CONTINUE

ES00 7’\1".9)( gu\)i\{clqes






