






































































































































































































































































































































































































































TDR Measurement of Ground Plane Effects

determining the effects of a resistor with 1°° lead lengths. The reflected voltage
determined from the TDR measurement is 480 mV (see Figure 7-10(b)). The rise
time at the input to the line is 28 ps but it is lengthened to about 80 ps as the
wavefront reaches the termination resistor.

The time, Ty, associated with the slope of the input voltage rise at the
terminating resistor can be approximated as:

t
~ 0.80

The inductance can be computed by using equation 21, giving L = 6 nH. Additional
information can be obtained from the decay of the reflection shown in Figure
7-10(b). The decay lasts about 0.3 ns, implying a time constant of about
0.3 ns/5 = 60 ps (using 5 time constants as a decay time). The calculated time
constant for an inductance of 6 nH is: L/2Z, = 60 ps. The two results agree closely.

When driving the line with a MECL III gate — rise time = 1 ns — the reflection
would be only 50 mV. Most carbon resistor types will have less than 10 nH of
inductance. This inductance gives a reflection < 75 mV when the line is driven by a
MECL III gate. Note that the reflection is positive, indicating that the noise
immunity of a MECL gate connected at the load would be unchanged.

T, = 100 ps. (22)

TDR Example 4. Experiments have also been performed to determine the effects of
a ground plane on the characteristic impedance of microstrip lines. Figure 7-11

7-11: Effects of Ground Plane Discontinuities

Ground Plane Epoxy Glass Only

Termination
Resistor = 50 ohms

Input Connector \ .

Lo

L”— L= 2.5"‘4 Line Under Test = 50 ohms

Z.for £ =25"

P/DIV = 0.05

1 — Termination Resistor

50-ohm Reference —g- Yy

/,

Connector

: ) TIME
Horizontal Scale = 0.4 ns/div
Vertical Scale = 50 mV/div
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Implications for Ground Plane Design

illustrates what happens when the ground plane width under the transmission line
abruptly drops to the width of an active line. The TDR waveform shows thata 12%
reflection occurs due to this discontinuity in the ground plane.

Using equation 15 the impedance of the 2-1/2 inch-long strip can be calculated
as:

1+ 0.12

Ziine = T- 012 ¢« 50 = 68 ohms.

Figure 7-12 shows a curve that approximates the change in the characteristic
impedance of the line for various ratios of ground plane width to active line width.
Note that when the ground width is greater than 3 times the line width, the
characteristic impedance is constant according to equation 14.

7-12: Variation of Microstrip Impedance as a Function of
Ground Width = Line Width

Ground Width
Line Width

A related experiment was performed to find the reflection due to a ground
plane near the active line, but not directly under it. The test configuration and test
results are shown in Figure 7-13. As indicated by the TDR measurement, the
reflection is about 36%. Again using equation 15, the impedance of the 2-1/2 inch
strip can be calculated:

= I_J“Ei ¢ 50 = 106 ohms.

Zline = 177036

The reason for the reflection is the change in the characteristic impedance
along thc line resulting from the ground plane not being under part of the active
line. In such a region, capacitance of the line to ground decreases while the
inductance of the line increases, the net result being a higher characteristic
impedance.

It must be remembered that the TDR input waveform has a rise time of 28 ps.
Consequently, in a real logic circuit situation where, perhaps, a MECL 111 gate with a
1 ns rise time is driving the line, the reflection would actually be less than 27%, not
36% as in this example. This can be determined by scaling the value of o found with
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Another Ground Plane Discontinuity

the TDR waveshape in Figure 7-13(b), with a 1 ns rise time. When the length of the
ground plane discontinuity is less then the distance travelled by the signal during its
rise time, then the reflection coefficient can also be calculated as:

20t 20t

pr= 24 p o B (23)
tr t
where: tpd = the propagation delay time of the line in ns/in.
ty = the rise time of the signal in ns,

= the length of the discontinuity in inches,

P = the reflection coefficient for 20ty q/t; = 1
(in this case the value found with the TDR waveshape
with t; = 28 ns).

7-13: Effects of Ground Plane Discontinuity

Epoxy Glass Only

I

Termination
Resistor =50 ohms

Input Connector

Ground Plane Line Under Test = 50 ohms

(a)
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p/DIV = 0.2

(b) AARNRAS LA RRRSS Rana e

i
Vertical Scale = 200 mV/div
Horizontal Scale = 0.8 ns/div
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TDR Observation of Hybrid Divider Reflections

For a discontinuity in the ground plane of 2.5 inches length, a propagation
delay of the line of 0.15 ns/in, and a MECL III gate with | ns rise time, the percent
reflected voltage can be calculated. From Figure 7-13(b), P is found to be 0.36.

Using equation 23,

or = 2(0.36) (2.5) (0.15) _ 0.27
(1)
Therefore, the reflection would be 27%. For a MECL 10,000 series gate, with a rise

time of 3.5 ns, the reflection would only be 7.7%.

TDR Example 5. Another measurement was performed, as shown in Figure 7-14, to
observe the reflections due to the use of a hybrid divider. The construction of the

7-14: Hybrid Divider

Zo = 100 ohms

Input Connector

0.1
{ e, =5.3
- 0.0014"
h = 0.062"

R = 100 ohms

Ground Plane 2" 1

(a)

0/DIV = 0.2 1 % % 3
A, y_ i - :: re Py
by v No Mismatches Appear
T Due to the Crosstalk
Between the Lines
(b) Eq
|
I
. TIME

Horizontal Scale = 200 mV/div
Vertical Scale = 0.4 ns/div
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Reflection Due to Crosstalk

microstrip board used is shown in the figure. Note that the 50 ohm line branches
out into two 100 ohm lines. A reflection of 4 percent is observed at point 2 where
the junction occurs. Notice that the resistor exhibits a reflection of -8%, due to
capacitance of the resistor.

Previously it was found that the 50 ohm resistor was inductive. Both results
agree with Reference 8 in which it is stated that the lower values of resistors (<75 Q)
exhibit inductance, while the higher values behave capacitively. These effects are
also shown in the data in Figure 4 of Chapter 4. Note that no mismatch appears due
to crosstalk between the two 100 ohm branches, because of their wide separation.

Figure 7-15(b) shows the reflection due to the construction of Figure 7-15(a)
where the two 100 ohm lines have been brought close together. The reflection at
point 2 is now equal to 8% arising from the cross coupling of the two lines. Crosstalk
is discussed in References 5,9, 10, and 11.

7-15: Hybrid Divider With Crosstalk Problem

R = 100 ohms

Input Connector \u et
gel

€, =53 t=0.0014"
h=0.062"s=0.08"

Ground Plane \

Zo =50 ohms Zo = 100 ohms

(a)

p/DIV = 0.2 1

{n
{ e

(b) R L e e e B e e R

I
Horizontal Scate = 200 mV/div
Vertical Scale = 0.4 ns/div

——= TIME
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Impedance In a Circuit With Crosstalk

Even mode or odd mode characteristic impedance (Zye or Zg,) can be
considered to exist in a circuit with crosstalk. One, Z, is due to the strips being at
the same potential and carrying equal currents in the same direction. The other,
Zoo, 1s due to the strips being at equal but opposite potentials and carrying equal
currents in opposite directions. The backward crosstalk voltage, Vg, on a passive line
is given in Reference 10 as:

Zoe - Zoo

ZOC + ZOO

Vg = E,| (24)

b

where Eq is the signal propagating down the active line. Formulas are given in
References 9 and 12 for calculating Z,e and Z,,. The backward crosstalk voltage
shown in Figure 7-15(b) at point 2 is equal to 8% of the incident voltage E{. Since
both lines are active, the crosstalk due to one active line is 4% of E{ for a spacing of
80 mils. Reference 5 should be consulted if information concerning crosstalk on
microstrip lines is desired. There, curves are given from which the backward
crosstalk can be predicted. (For example, Figure 10 in Reference 5 may be used to
predict the backward crosstalk for Figure 7-15(a) as 11%).

Crosstalk is not ordinarily a problem when using MECL IIl on microstrip or
strip line circuit boards, when line spacings are greater than 30 mils. Crosstalk theory
is well described in Reference 11. In it, the mutual inductance and capacitance
between two lines are used to determine the crosstalk coefficient. Crosstalk theory is
presented in some detail in this handbook in Chapter 4, “System Interconnections™.
Forward crosstalk is normally much smaller than the backward crosstalk on
microstrip lines — except for very long lines (>5 feet). Forward crosstalk does not
exist at all on strip lines, since they are made with a homogeneous medium, so that
the inductively and capacitively induced currents cancel (Reference 10).

The backward crosstalk coefficients for various types of microstrip lines on
glass epoxy boards are shown in Figure 7-16 (cf also Reference 5). The backward
crosstalk coefficient is equal to:

1 [Lm

Kn=——[—+ CyZ. ), (25)
M
B 4tyg (zo 0>

where: Lm the inductive coupling,
Cy = the capacitive coupling,

tpd

the propagation delay of the line per unit length.

TDR Example 6. The graph data in Figure 7-16 will be used to determine the
percent of crosstalk coupling for the circuit of Figure 7-15. From the dimensions of
the lines given in Figure 7-15(a), Kg is found to be 0.055 from the graph. This
means that if one line (the active line) were driven with a signal, the other line
(passive) would have a coupled signal of 5.5% of the amplitude cn the active line, in
a direction opposite to that of the driving signal. Since both 100 ohm lines are active
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Data for Determining Microstrip Crosstalk

7-16: Backward Crosstalk Coefficient for Microstrip
Lines on Glass Epoxy Boards (G-10 Material)

1.0 T I

T
h = Dielectric Thicknes -1
(MILS)

// //
a4

N
0.1 \\ AN
N
N N
N N
CRO§SB'I,'ALK AN \\\ \\
CONSTANT \ \\\ \| \h=59.0

\ \\\ 435
\ \ \ 30.5

N\ N25.6

) 8.3

0.001
10 100 1000

s, LINE SPACING (MILS)

simultaneously, the reflection observed on the TDR is twice as much, or 11%. From
Figure 7-15, the actual crosstalk can be seen to be about 8%.

In very high speed systems, the exact shape of a line can be important, if
reflections are to be kept to a minimum. The arrangement shown in Figure 7-17(a)
has been used to investigate the behavior of two different line shapes. For one line,
corners are sharp. This permits the width of the line to be larger at corners than
elsewhere. Figure 7-17(b) shows that a -7.5% reflection occurs at point 6 due to the
lowered characteristic impedance at the corner. For the other line, the corners are
rounded to produce a constant line width. Figure 7-17(c) shows that a constant line
impedance exists for the second line. Note that an inductive reflection, as discussed
before, does occur at the end of the line due to the inductance of the resistor. In
conclusion, it is desirable to have smooth, rounded line edges and constant line
widths when designing transmission lines for high speed systems. Resistor leads
should be kept short to minimize termination inductance.
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Effect of Microstrip Line Shapes

7-17: Reflections Caused by Signal-Line Shape Variations
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Reflection Due to Loading

The Effect of Loading, on a Parallel Terminated Transmission Line

For designing high speed systems it is useful to understand the effects of
loading a transmission line with MECL circuit inputs. Some tests were performed to
determine the equivalent loading effects of a MECL gate load. The input impedance
of the MECL gate is high and may be assumed to be purely capacitive as far as
reflections are concerned.

Accurate knowledge of gate input capacitance is necessary to develop accurate
loading rules. A test setup, similar to that for a TDR, was used to determine the
amount of reflection that occurred when driving four MECL III gates (MC1660L —
cf Figure 7-18). The amount of reflection that occurred at the probe was found to

7-18: Test Setup for Measuring the Reflection From Four MECL |1l Gate Loads

1/2 MC1660
(4 Places, In
Sockets)

EH122
PULSE GENERATOR

510

Vee =165V
6dB Pad Vgg =-3.55V

Zo =50 ohms
GHI GR ]BNC

o | I

P6038
Probe

[or]

E1=085V
T, = 1.0ns 10% to 90%
PW =40 ns

be 275 mV, in a direction indicating it was due to a terminal capacitance, CT. A
formula may be derived so that the amount of this capacitance can be calculated.
Figure 7-19 shows the equivalent circuit which will be used for the derivation of

7-19: Circuit for Driving the Maximum Reflected Voltage Due
to the Capacitance of the Gate Inputs

eref|(t)

Slope=m = 'Fz Zy = 50 ohms
(—0 Eout
ov
»j T ej(t) l
R
50i

*Total Gate Capacitance

[oF

|||<—
I”———)
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Derivation of Maximum Reflection Amplitude

such a formula.
The reflection coefficient at the load is:

R
—_ _ Z
pL (S) _ ZL - ZO _ SRCT + 1 o _ (R - ZO) - SRZOCT (26)
Zy + Z, R, , (R+2Z)+sRZCp

SRCT + 1 0

From equation 18, the LaPlace transform of the input voltage can be found to be:

T
E(s) = = <1 e 1S> . (27)

2

The reflected voltage at the load, in LaPlace notation, is:

Z0 - R
) <S "Rz C >
T -Tys
Ereﬂ(S) = El(s)pL(S) = Z O+ R m <1 - ¢ 1 > i (28)
52 s + _°
RZOCT

Taking the inverse LaPlace transform yields:

(Zy + R)
e
2 2 RZ C
B 2R“Z.Ct [Z, - 2R4Z Cy o-T mU(t) +
erefl(®) = - PR VR Y A e ) B
(Z, + R) 0 (Z, + R)
(Zy + R)
2 Rz oy T
2R%Z Cr (2, - 2R?Z O olT
+ (t-Tp- — 5 ]¢ mU(t-T)).
Z,+ R? \Lo* R Zy + R)
(29)
The maximum reflection occursat t = Ty. Then for R = Z,, we obtain:
2T,
m Z,Cp ZoCr
erefl (1 = T1) = Erefimax = - 1 - e (30)

2

Equation 30 exhibits a relation between the maximum reflected voltage and the
effective capacitance causing reflection, C, in the circuit of Figures 7-18 and 7-19.
The reflected voltage was measured to be -275 mV and from equation 22, Ty is
found to be 1.25 ns. Thus the total capacitance, obtained from equation 30, is
Ct = 17.2 pF. Since stray capacitance, Cg, is approximately 4.0 pF, the capacitance
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Determining Effective Capacitance

due to the gate loads is the difference between C1 and Cqi.e., 13.2 pF, or 3.3 pF per
gate input.

For comparison, an RF vector impedance meter was used to measure the input
capacitance of a similar 4 gate setup at a frequency of 50 MHz. The total
capacitance measured 20 pF. Since the stray capacitance for this configuration
measured 6.5 pF, the capacitance due to the four gate loads is 13.5 pF, or 3.38 pF
per gate input. It is felt that the two methods agreed well enough with each other to
say that the equivalent load of a MECL III input is 3.3 pF.

MECL 10,000 series elements were also tested. It was found that a MECL
10,000 gate input measured 2.9 pF using the RF vector impedance meter. Using the
reflection method of Figure 7-18 and equation 30, the capacitance of a gate input
was found to be 2.7 pF.

If printed circuit cards are used without sockets, 3.3 pF per MECL IIl gate
input and 2.9 pF per MECL 10,000 gate input should be used. These values will be
used in later calculations.

It was shown in equations 12 and 13 that the maximum length of an unter-
minated line (stub length) is a function of loading. Figures 3-13, 3-14, and 3-15 are a
tabulation of some values of permissible lengths versus fanout and logic family.
However, in most designs it becomes necessary to increase the line length beyond
the distances specified in the table. It has been shown that for long lines, 2Ty (line)
> t; (pulse), a termination resistor will reduce or climinatc reflections. In a practical
situation, a MECL gate driving a transmission line must feed other gates along that
line. So it is important to be able to determine the effects of individual gate loads on
the line.

There are two ways of placing gates on a parallel terminated transmission line:
one is called “distributed” loading, the other “lumped” loading. Figure 7-20 shows
an example of a parallel terminated line with a lumped load at the end. The term T

7-20: Driving a Parallel Terminated Line

\ Tpo i Zo

VTT =-2.0 Vdc

AT Y —

I S e S

141]




Distributed Loading

represents the delay of the line. Since a full logic swing is available all along the line,
parallel termination permits distributed loading to be placed anywhere along the
line.

The change in characteristic impedance of a line caused by gate loads being
distributed along the line can be calculated. For a lossless line the characteristic
impedance of a transmission line is:

Z, =\|= 31

where Lg is the intrinsic inductance of the line and Cg is the intrinsic capacitance of
the line, both per unit length. The MECL gate has a high input impedance so that
only the capacitive effect need be considered for ac conditions. The characteristic
impedance of a transmission line altered by gate loading, Z, is:

L v4
O (0]
z. =\/ = : (32)
0 C, + Cq ;G

Co

where Zg is the original line impedance defined in equation 31 and Cq is the
distributed gate capacitance. The propagation delay per unit length of a lossless
transmission line is:

g = VToCo - (33)

Rearranging, and using equation 31 gives:

LO
tpd = EO— Co = ZOCO . (34)

Example. An application of the foregoing relationships and rules can be seen in the
following design problem. Given: a 68 ohm microstrip line 8 inches long. It is
desired to drive four MECL III gate loads spaced equally at 2” intervals along this
line. These loads are, of course, “distributed” loads. The microstrip line is on a glass
epoxy board which has a dielectric constant, e, of 5.0. It is necessary to determine a
value for a parallel terminating resistor which will essentially eliminate reflections on
the line.

First, the propagation delay of the microstrip line can be found using the
relation from Chapter 3:

tpd = 1.017 J0.475e. + 0.67 ns/ft = 1.77 ns.ft =0.148 ns/in , (35)

in this case. Using equation 34, the line capacitance, Cg is found to be:

_0.148 _ .
Co = T 2.18 pF/in.
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Terminating Distributed Loads

Four MECL Il gate loads are equivalent to a load capacitance of 13.2 pF
which is distributed along 8 inches of line. Therefore, Cq = 13.2 pF/8 in. =
1.65 pF/in. Substituting these values into equation 32 gives:

z: = - 5150nms.

1+ 165
2.18

Thus, a 51 ohm termination resistor would be acceptable for terminating the 8
inch 68 ohm microstrip line with four distributed MECL III gates. The resulting
circuit is shown in Figure 7-21.

The driving gate shown in Figure 7-21, besides driving the long transmission
line, can also drive many lines (no limit) as long as the length of each stub does not
exceed the limits of Figures 3-13, 3-14, or 3-15. For instance, if a 50 ohm microstrip
line were used with MECL III to connect the driving gate to 1 gate load in one
direction, and to four gate loads in another direction (in addition to the loads shown
in Figure 7-21), then from Figure 3-15 the maximum permissible stub lengths are
1.6 and 0.7 inches, respectively (of Figure 7-22). It should be noted that the four

7-21: Example Illustrating Distributed Loading
Driving
Gate Z, = 68 ohms

-2.0 Vdc

7-22: MECL l1l Gate Driving a Long Transmission Line with Distributed
Loads, and Short Stubs at the Driving Source

Qmax

1.6in Z, = 50 ohms

Driving
Gate

< q B
P2 2 2 2"—4
T .
Lnax
D
D
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Computing Maximum Load Capacitance

gates on the stub (¢53x = 0.7 inch) could be lumped at the end of that line,
without the need for any other changes.

In order to determine the amount of reflection which can be tolerated on a
line, the following development is presented. Reflection is, of course, caused by gate
loading which produces a change in the impedance on a section of the transmission
line. The equations to be developed use distributed line theory — an approximate
method, but one which gives very accurate results, as verified in Reference 11.

The reflection coefficient given in equation 3 can be revised to take into
account the reflection due to the altered characteristic impedance produced by
loading:

o = ) (36)

Ca
1 +\/1 + —
C0

From this equation, it is possible to find the maximum load capacitance that
can be distributed or lumped on a length of transmission line. Further, the length of
transmission line for distributing loads will be assumed to be the stub length defined
in equations 12 and 13. This length of line will limit reflection discontinuities caused
by differences between distributed and lumped loads. However a rule is needed
which can be stated for a particular value of transmission line, to specify a limit for
the number of gate loads distributed or lumped along an arbitrary length of line.

For a maximum reflection of 20% (P = -0.20) equation 36 may be solved for
the ratio of Cq/C,, giving:

—/ =125 . (37)

Since Cq is the distributed gate load capacitance per unit line length, it may be
written that:

(38)
where Cg is the total gate load capacitance. Substituting into equation 37 yields:

—= 1250 .- (39)

Ca
CO

144



Maximum Loads Related to Maximum Line Lengths

For a 50 ohm microstrip transmission line, on a glass epoxy board, with
MECL I gates, with C, = 2.96 pF/in, and t; = 1.1 ns, equation 12 may be used
to find %3 & 2.5inches. Then substituting into equation 39 and solving:
Cq = 9.2 pF. This means that up to 9.2 pF can be distributed or lumped along any
2.5 inches of 50 ohm microstrip line using MECL 111. Two MECL III gate loads can
be used along any 1.8 inches of line for a carefully laid out board, or two MECL I1II
gate loads and 2.6 pF of stray capacitance can be distributed or lumped along any
2.5 inches of line.

For a 50 ohm strip line on a glass epoxy board and using MECL III gates, with
Co = 3.77 pF/in and t; = 1.1 ns, equations 13 and 39 may be used to find
Cmax =~ 2.0 inches. Then substituting into equation 39 and solving, Cq = 9.4 pF.
This means that up to 9.4 pF can be distributed or lumped along any 2.0 inch
portion of 50 ohm strip line when using MECL I1I gates. If 3.3 pF per gate input is
used, then from equation 39 two gate loads can be lumped or distributed along any
1.4 inch portion of a 50 ohm strip line.

It is seen from these calculations that strip line has an advantage over
microstrip: it can be used for driving more gate loads per unit length than
microstrip, granting the same amount of reflection in each case. This is due to strip
line having a larger capacitance per unit length. Figure 7-23 gives values for the
maximum capacitance that can be lumped or distributed over a length (£;;,4) of line
for MECL I1I, MECL 10,000, and high speed MECL II.

As an example of how Figure 7-23 can be used, suppose 68 ohm microstrip
lines are to be used with the MECL 10,000 series. From the Figure, 21 pF of
capacitance of five gate loads can be lumped or distributed over any 7.7 inch portion
of the line. The rise times shown in the figure are characteristic of the particular
logic family and were used in the calculations to obtain the data.

7-23: Maximum Capacitance That Can Be Lumped or Distributed
Over a Length of Terminated Transmission Line Qmax-

CHARACTERISTIC IMPEDANCE OF TRANSMISSION LINE

COAX
STRIPLINE (e, = 5.0) MICROSTRIP (e =5.0) | (e;=2.2)

50 Q@ 68 90 Q 50 © 68 Q2 90 © 50
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Output from Series or Parallel Terminated Lines

Analysis: Series Terminated Lines Compared to Parallel Terminated Lines

The propagation delay increase due to gate loading when a line is series
terminated is about twice as large as for a comparable parallel terminated line.
Equation 11 gives a fairly close approximation for the propagation delay of a
parallel terminated line with loading. This equation was:

Cd

’ - + —
thd = tpa\/! . (11
The output waveform at the end of a series terminated line or at the end of a
parallel terminated line can be derived from an equivalent circuit using Thevenin’s
Theorem, assuming the line is long (2Tp >> t;). Figure 7-24(a) shows a parallel

terminated transmission line circuit, along with the waveform driving the line.

The equivalent open circuit voltage of the line is twice the input voltage and
the Thevenin resistance is the impedance of the open line at the load looking toward
the source. The Thevenin equivalent for a parallel terminated line is shown in Figure

7-24: Parallel Terminated Transmission Line, and its Thevenin Equivalent




General Derivation of Line Output Voltage

7-24(b). Figure 7-25 shows the Thevenin equivalent for a series terminated line. Note
that the impedance (Z,) of the series terminated line is twice as large as that for the
parallel terminated line. A general equation can be derived for the output voltage
assuming the impedance in the circuit to be R. Then a substitution for R will give

the equations for both types of lines.
Writing the equation around either Thevenin equivalent loop:

I
e(t) = iR +— i dt
! Cr 6[

7-25: Thevenin Equivalent of Series Terminated Transmission Line

eout(t)

ei(t) CT

o

But also:

e;(t) = mt U(t) - m(t - TI)U(t - Tl) .

Equating the equations and taking the LaPlace transform of both sides gives:

ST L Ry + 19 (R + L) IGs)
Cs

m
52 2 T

w

But:
o - C ot or By(s) =26
eout(t) Cr Of i or E ¢ Cps -
Therefore:
m m -Tys 1
— - —e = R +—1Cy+sE (s)
52 52 < CTS> T> “out
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Transmission Line Output Voltage: Series Terminated Line

Solving for Eout(s):

Eout(s) = T\ (45)
+ —
CTS <R CTS>
which reduces to:
-T
_m 1 - e 18
RCT
Eout(®) = 2 1 ’ (46)
S s +
(- wer)
Taking the inverse LaPlace transform yields:
-t
RCT
eout® = mRCT e - + mt U(t) -
St Ty 47
RCy
mRCT € -1 + m(t - T]) U(t - T]) .

Equation 47 defines the output voltage for a series terminated transmission
line when R = Z_ ; it defines the output voltage for a parallel terminated trans-
mission line when R = ZO/2_

From equation 47 the equation for the series terminated line can be written:

-t

E7Z C Ej

1“0~T Z.Ct 1
equt) = ————— e O - 1] +— @ for t <Ty, (48)

out Ty T,

and:

T ~t

E’ z.C Z.C
eout(t)=T_120CT | - ¢ o™ eOT+E’1 for t > Ty, (49

1
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Voltage Output from Farallel Terminated Line; Line Delays

where E] is defined in Figure 7-24. The equations for the parallel terminated line
can also be written:

-2t
EiZ C E’
14041 | Z.C
eout(t) = % e O T _ 1 + T—i' (t) for t S Tl . (50)
and:
2T ot
E1Z.C Z.C 7 C
e ()= 2T LT HoOT L g for 1> Ty L (51)
out 2Tl 1 1

If the input voltage is assumed to be a step function, then the equation for the
output voltage for a series terminated line can be written as:

-1

Z.C
eout® = E7 {1 - e | (52)
and for a parallel terminated line:
-2t
ZoCr

eout(t) = E’l 1 - ¢ (53)

To derive the equation for the additional propagation delay due to gate loading
at the end of the line, equations 52 and 53 will be used. A more exact equation can
be derived using equations 48 through 51 but the analysis is more difficult due to
the complexity of the equations. Letting e5y,¢(t) = 0.5 Ej and solving for t, we
obtain a propagation delay time of:

tpd = 0.7 ZOCT for series termination, (54)
and:
tpd = 035 Z,Cy for parallel termination. (55)

These additional line delays should be added Lo the existing physical line delay
as expressed in equation 34 to obtain total system line delay. To derive the equation
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Terminated Lines: Output Rise Time

for the output rise time, t;,, knowing the input rise time, t;{, equations 49 and 51
will be used. The output rise time is defined as the time it takes for the output
voltage to travel from 10 to 90% of its final value. Ty is defined as:

T) ~ 1.2t . (56)

Substituting into Equation 49, rearranging, and taking the natural log of both sides,
the output rise time at the end of the transmission line is obtained:

1.2t
ZOCT ZOCT

to = ZoCT In 61—8—t; e -1 , for series termination.  (57)

Doing the same thing with equation 51:
2.4t

2 O IS o eren
ro " 2 {0361,

-1 , for parallel termination. (58)

Equations 56 and 57 may also be used to solve for the output fall time by
substituting the input fall time, tf;, in place of ty.

Example. An example will be shown to illustrate the use of equations 54 through
58 using MECL 10,000 gates. Figure 7-26(a) and (b) shows comparable setups for
series and parallel termination. The load gates at point B were placed in sockets. The
total capacitance at point B is Cp = 20 pF which takes into account the gate
capacitances, socket capacitance, as well as interconnect and stray capacitances. The
propagation delay due to the transmission line from A to Bis 1.75 ns. The rise and
fall times at point A, due to the MECL 10,000 driving gate, are t; = 3.5 ns, and
tf; = 2.8 ns. From equation 54, the propagation delay increase due to the series
termination is: (0.7) (50 ohms) (20 pF) = 0.7 ns. From equation 55, the propa-
gation delay due to the parallel terminations is half as much, 0.35 ns. Therefore, the
total propagation delay from point A to B is 2.45 ns for series termination, and
2.1 ns for parallel termination.

The rise and fall times at point B can be calculated from equations 56, 57, and
58. The mathematical 10 to 90% rise time at point B is 4.65ns for series
termination, versus 4.1 ns for parallel termination. The fall time at point B is 4 ns
for series termination versus 3.35 ns for parallel termination. Measured test results
agreed closely with the calculated values.

Equation 11 could have been used to calculate the propagation delay from A to
B for the parallel termination arrangement. Solving for tbd:

20 pF
35 pF

ti)d = 1.75nsy /1 + =22ns ,

which is very close to the value of 2.1 ns that was calculated using equation 54.
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Example: Comparison of Series and Parallel Terminations

7-26: Test Setups for Comparison of Propagation Delays from
A to B, and the Rise and Fall Times at B

~ mMECL10000 .
s Gates.. . s

L Tp=175n0s oy
~Zg-=50-0hm Coax . ol

VEE

7 (a) Series Termination Test— .

. MECL 10,000

“MC10109

- Zq = 0.0hm Goax

- -2.0Vdc

. (b) Parallel Termination Tést ~

Since the propagation delay increase is twice as much for a series terminated
line as for a parallel terminated line, an equation similar to equation 11 can be
derived. The propagation delay of a series terminated line can be written as:

r

thd = tpd LQ e 1+ (59)

where tbd is the modified propagation delay of the line, tpd 1 the original
propagation delay of the line, C is the total capacitance at the end of the line, and
Cy is the intrinsic capacitance of the transmission line.

The effective characteristic impedance of a transmission line decreases with
capacitance at the end of the series terminated line, but only half as much as for a
parallel terminated line (cf equation 32). The characteristic impedance due to
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Determining the Emitter Pulldown Resistor Value

loading of a series terminated transmission line can be written:

z, = = Rg+R, (60)

This means that the series terminating resistor should be changed in the proportion
indicated by cquation 60 when the capacitance at the end of the line exceeds the
value of capacitance given in Table 7-23. Equation 60 has been verified in the
laboratory as valid for hcavy loading conditions. It the resistor, Rg,is not altered
according to equation 60, increased propagation delays will result from under-
damping.

Furthermore, if the amount of loading at the end of a series terminated line is
more than that shown in Table 7-23 | then the emitter pulldown resistor, R, should
be lower than the value given in equation 61 for the maximum pulldown resistor
value (Chapter 3). The maximum value of RE as stated in Chapter 3 is:

10Z. - R
0 S
RE(max) - n : (1)

The reason that the pulldown resistor should be lowered is that the reflection
returning to the source contains a short positive component associated with the
slower fall rate of thc negative-going signal (due to capacitance loading). Thus,
the output transistor will turn off due to this momentary positive reflection if a
value given by equation 61 is used. The value of RE should be chosen so that the
output transistor of the driving gate is furnishing enough current to supply the
maximum reflection without switching off. The maximum reflection on a series
terminated line, due to capacitance, is +0.4 volts. Therefore, the value of R should
be reduced enough so that the output transistor will be able to supply an additional
current of 0.4/Z,. A modified emitter pulldown resistor equation can be written as:

RS ~ 3.6
E(max) = 3¢ , 04

RE max Zo

(62)

where RE (max) is defined in equation 61.

There is no limit (due to reflections) on the amount of gate loading that can be
placed at the end of a series terminated line, as long as equation 60 is used to
determine the proper series terminating resistor. All reflections will be terminated at
the driving end if the proper value of Rg is chosen with equation 61 or 62. This is
true even though the amount of reflection is twice as much for a series terminated
line as it is for a parallel terminated one.
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Series Damped Lines

The maximum loading for a parallel terminated transmission line is defined in
Figure 7-23. There is no limit to the amount of distributed loading that can be
placed on the line, as long as equation 32 is used to choose the terminating resistor.
In actual practuce, there seems to be no limit to the amount of lumped loading that
is placed at the end of a parallel terminated line as long as the terminating resistor is
chosen this way. This is true as long as there are no other gates stubbed off the line.

For reference purposes, the equations for the reflection that is sent back to the
driving source, with lumped loading at the end of either a series terminated line or a
parallel terminated line, can be derived from equations 48 and 50 as follows:

eout (V) — Ej
percent of maximum reflection = 5 at t = Tl . (63)
1

Therefore, the maximum reflection due to lumped loading at the end of a series
terminated line is:

T
ZOCT 7 CT

percent of maximum reflection = T € -1 N (64)
1

and for lumped loading at the end of a parallel terminated line:

-2T,
ZOCT ZOCT

percent of maximum reflection = T e -1 . (65)
1

Analysis of Series Damping Terminations

A series damped line is very similar to a series terminated line with the ex-
ceptions being the line length and the value of the series damping resistor, Rg. The
resistor is normally much smaller than the characteristic impedance of the line, Z,.
If Rg,= 0, then an open line exists for which the maximum length is defined in
Figures 3-13, 3-14, or 3-15. If a small value resistor, Rg, is placed in the line, a
longer line length is possible. An example of series damping is shown in Figure 7-27

7-27: Series Damping Termination

mq
Number
of
Gates

Where Rg< Z,
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Output Voltage from a Series Damped Line

where the voltage change at point B is defined in Chapter 3 as,

Zo

RS+RO+ZO

Series damping is primarily used where the characteristic impedance varies — as
in backplane wiring when line lengths must be longer than those specified in Figures
3-13 through 3-15. A disadvantage of series damping is that distributed loading
cannot be used. A propagation delay slightly slower than for parallel termination also
results. Parallel fanout can be used as shown in Figure 3-18.

Figures 3-22, and 3-23, described in Chapter 3, show the minimum values for
Rg for any line length, corresponding to specified limits of undershoot and
overshoot. These figures were generated by a computer program based on the
equations and calculations presented in the following pages. These calculations show
how the output voltage from series-damped transmission lines may be derived.

The Thevenin equivalent circuit for a series damped transmission line is shown
in Figure 7-28. Note that the circuit is similar to the equivalent circuit for a series
terminated line except for the amplitude of the voltage waveform.

7-28: Thevenin Equivalent of a Series Damped Transmission Line

F——————————————
1 —: E’
| Zo I Slope=m = —
| AN— , T
! |
2Z,E4
I ° | Where E*} =
| ej(1) =2 | Cr RotRstZo
| stZo |
l |
| = | = C = Total Load Capacitance
- |

The equations for the output voltage from a series terminated line were derived
previously (equations 48 and 49). Since the amplitude has been modified by the
factor (2Z45/Ry + Rg + Z,), a simple substitution will define the output voltage at
the load. The output voltage for a series damped line can be written as:

-t
2Z2Z.E Z_.C Z C
Cout() = T ol o T e o T _ +Tt_
Ry * Rg + Z, | Ty 1
fort_<_T1 , 67
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Propagation Delay; Exact Qutput Voltage Derivation

and:
T t
2ZOE1 ZOCT C e
eOU’t(t) - RO + RS + ZO Tl 1 - e o-T e o-T + 1
for t > T |, (68)

where Ej is the voltage change at the base of the output emitter follower in the
driving gate.

If the input voltage is assumed to be a step function, the equation for the
output voltage from a series damped line becomes:

-t
2ZOE1 ZOCT

e, (t) = 1 - ¢
out R, + Rg + Z,

(69)

The additional propagation delay due to gate loading can be found by using
equation 69, letting eq,¢(t) = 0.5 Eq, and then solving for t. The increase in the
line propagation delay which results, is:

3Z, - Rg - R,

4Z,

(70)

tpd = - ZOCT In

The exact rcflected voltage will now be derived by a method similar to that
used previously in deriving equation 19. The reflection coefficient at the load is:

1 7 (- 1
SCT o 1 - SCTZO ZOCT
P () = = = (71)
1 1 + sCyZ 1
+ 7 0 s +
SCT o ZOCT
The input voltage at point B in Figure 7-27 is:
e; () = mtU(t) - m(t - T U - Ty) , (72)
where:
ZoEq
m = = slope .

(R, + Rg + Z) T
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Reflection Amplitudes (La Place Notation)

Here R, is the output impedance of the driving gate; Rg is the series damping
resistor; Z, is the characteristic impedance of the transmission line; Ej is the voltage
change at the base of the output emitter follower of the gate at point A in Figure

7-27;and T1 = 1.2 t; where t; is the 10 to 90% rise time of the voltage at point A.
Taking the LaPlace transform of equation 72 gives:

E; () =—S“2i (1 - e‘TlS> : (73)

The first reflected voltage waveform at the load at time Ty (point C in Figure
7-27) due to the input voltage is (in LaPlace notation):

1
s -
< ZoC > T
Eef1 (8 = Ej(®) P (5) = 5 OlT m <1 - e ]S> . (74)

The second reflected voltage waveform at the load occurs a time 2Ty later and can

be written as:
1 2
s - p
< ZOCT> S

Erefl 2(8) = Epep 1 G) PGP (s) =
52 (s +

where:

_ R, + Rg - ZO 76)
R0 + RS + Zo

Pg

The third reflected voltage waveform at the load is:

-T
- (s - 1 3PS2ml—e 18
2, 2 ZOCT
Eren13(9) =Epeq 1 () Pg7PL () =

) 1 >3
S s +
< ZoCT

(77
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Output Voltage Amplitudes (La Place Notation)

So the nth reflected voltage waveform at the load is:

n- 1 n - 1
Erefl (n) ) = Eren 1 Pg Py (s)
b <s_ 1 >np§ I m<1_eTls>
ZoCT
= l - . (78)
32 <s + >
ZOCT

The output voltage at the end of the line can be derived by using equations 73

through 78. The output voltage, Ey1, due to the input voltage waveform and the
first reflection is:

Eo1 ® = B ®) + B 1 ® = B (1 +2L6)
2m ‘TIS
ZOCT <1 - )

= , (79)
82 <s + I >
ZoCT

It should be noted that equations 79 and 46 are equal (though they were
derived differently), when R = Z. At first glance it may appear that equation 79 is
twice the value of equation 46, but the apparent discrepancy is resolved by noting
that m has been defined differently for each equation.

The output voltage, E;2, due to the first reflected voltage waveform returning
from the driving source will be:

Ega () = PErefr 1 () + Epepy 2 () = Ej(5) Pg Py (5) (1 P (S)>

] T
2ot <S‘%><l‘e 18)
o T ot - Ut - 2Tp)

(o)
Z,Cp

(80)

Similarly, the output voltage, E,3, due to the second reflected voltage
waveform returning from the driving source is:

Ep3(® = B9 PP 29 (1+ P (9),
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nth Qutput Voltage and Total Qutput (La Place Notation)

or:
2m 2 1 2 *T]S
P _ _
Z,Cr S <S ZOCT> (' ¢ >
Fo3 (47 2 <S 4 ] )3 - U (t - 4TD) : (31)
ZoCT

Finally, the nth output voltage waveform will be:

Lep e (1)

_ 2m n - 1 1 n - 1 —TIS
o ) Cae) )
ZoCT 5 ZOCT )

U<t - 2n - I)TD> ; (82)

Eon(® = E{()P5

therefore, the general equation for the output voltage at the end of the line (point C
in Figure 7-27) can be formulated as a summation of the individual reflected voltage
components:

Equt () =Eg () + Egn(8) + Eg3 (8) + ... + B (5) + ...

oo o/ 2m \,n - 1 I \n -1 “Tys
(- 1Hn <—>p <s - ) 1 - e
ZCr) 3 ZoCr _

) <s L n

U (t - 2n - 1) TD> . (83)

The inverse LaPlace transforms for equations 79, 80, and 81 can be found in
standard tables. The inverses can be written to take into account the time delays the
following way.
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Inversion of the LaPlace Voltage Equations

The inverse LaPlace transform of equation 79 is:

2m -Tys
-1 _ 1
ZoCT <1 e >
o1 (1) =
2 < 1 >
S s +

ZOCT

ZOCT t - Tl
- 2mZ Cp|© + -1 e U - Ty, (84)

Likewise, the inverse transform of equation 80 becomes:

(© = ImPez C ; t - 2Tp ; 2(t - 2Tp)
e (t) = 2m 3+ —— ] + +— o
02 S“o~T Z,Cr Z,Cr

_<t - 2TD>
Z,C
e o"T /1 «utt - 2Tp) - 2mPgZ Cy -

t - 2Ty - T 2(t - 2T - TH)
34 D 1> + 34 D 1
ZOCT

_<t - 2Tp - T1>
Z.C
e o-T « Ut - 2T - T)) - (85)
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Result: Output Voltages as Functions of Time

Finally, the inverse transform of equation 81 produces:

t - 4T 4(t - 4Tp)
_ 2 D D
eg3 (M) = 2mPP?Z Cp | -5+ ————+ |5 + ——2 +
© © ZyCt ZoCt
, - (t - 4Tp)
____2__ - e ) - Ut - 4TD) _
(Z,C1)
t - 4Ty - T 4t - 4Ty - T9)
2mPg?Z Cp | -5 + D1y s+ b,
ZOCT ZCr
, - (t - 4Tp - T
2At - 4Tp - Ty) 7 C
b | ‘e o-T Ut - 4Tp - T . (86)
2
(Z,Cp)

A general form equation can be established for eq ()(t) as an extension of the
preceeding equations. Such a general equation can then be used to obtain a general
relationship for eq;t(t) derived from equation 83.

However, for our purposes, the output voltage needs to be defined only for a
period of time long enough to determine the maximum amount of overshoot and

undershoot. The following can be written for the first three reflections (a sufficient
time interval):

3 F_
. t - 2T (n - 1)
_ n 1 D
eout (O = E 2mpS Z.Ct Z.Cr - (2n - D}e
n:
t - 2Tpm - 1) —<t - 2Tp (n - 1))
ZC ¥ Z C )
1 - e o-T n - le o-T
-
2 <t—2TD(n—l)> t - 2Tp(m - DV
+(n- 2 «U(t - 2n -
7o (- 2) 7 cr ( (n 1)TD>
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Output Voltage for Three Reflections

3
_ t - 2Tp( - 1) - T
n 1 D 1
- 2mP Z.C —(2n—1)>-
S
Z: 0T< Z,Cr
n =1
- (t— 2T - 1) - Tl) . <t— 2Tp (- 1) - T1>
z,C )
I~ e o~T (n- De Z,Cp

ZOCT ZOCT

2(t-2Tptn - 1) - T { - 2Tp(n - 1) - Ty \2
<( D 1) +(n_2)< D 1> .

U (- 20 - DTp - T1> . for t < 6Tp (87)

where:
ZoEl

m =
(Ro + RS + ZO)TI ’

Tl = 1.2 tI' 5

and t is the 10 to 90% rise time of the voltage at point A in Figure 7-27.

An extension of equation 87 was used in generating Tables 3-22 and 3-23 and
may also be used to determine maximum line length for specified undershoot and
overshoot, instead of using equations 12 and 13.

For Cp = 0andt < 6Ty, equation 87 reduces to:

eout(D = 2mt U - 2m(t - T)) U (t - Ty) + 2mPg.
(t - 2Tp) U (t - 2Tp) - 2mPg (t - 2T - TP U (t - 2Tp - Tp) +
2mPG2 (t - 4Tp) U (t - 4Tp) - 2mPg2 (t - 4Tp - Ty).
U (t- 4Tp - T)). (88)
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Maximum Overshoot

This equation can also be derived by starting from equation 5.
Using a lattice diagram, it is found that the maximum overshoot occurs at
t = Ty. Substituting t = T into equation 88 gives:

E . = 2m [Tl + Pg(T) - 2TD)] : (89)
for 2Tp < T < 4Tp;
and:
Enax = 2mTy,
for T < 2Tp. (90)
In both cases,
m = ZyE)
(Ry + Z, + RYT,
Tl = 1.2tr,
TD = tpd o Q s
and tpd = line delay in nanoseconds/inch,
€ = line length in inches.
By definition,
_ (100 + O.S))
Emax - E] 100 ’ 9D

where E; is the voltage change at the output of the driving gate, and O.S. is the
percent overshoot based on logic swing level. Thus by substituting into equation 89,
the percent overshoot can be obtained:
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Percent Overshoot, Line Length Considerations

L 27 ey PstpaZo
Zy, + Rg + R 121, (Z, + Rg + R)

%0.8. =|-1 * 100

b

(92)

Equation 92 gives the overshoot (as a percentage of the logic swing) that occurs
for a particular length of line, assuming zero capacitance at the end of the line. If the
two way propagation delay of the line is equal to or greater than Tq, then this
particular length of line is:

12t

L > (93)
2tpd

If equation 93 is satisfied, then the overshoot reaches a maximum value which can
be solved for by using equation 90:

27,
%0.S. = 100 - 1) . (94)
max Z, + Rg + R,

If the length of line is less than that specified in equation 93, the line length
can be found from equation 92, given the permissible overshoot for a given design:

Qz[ 272 (1 s by . (100 +0S)
R, + Z, + Rg S 100

R, +Z_ +Rg)l.2t
<( O (6] S r) ) (95)
4ZO'DStpd

In this relation | it is necessary that:

12t
Q< d

25
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Maximum Line Lengths

The maximum permissible line length with capacitance loading can be
approximated in a manner similar to that used to establish a maximum open line
length in a previous section:

Cr

t I + ——— (96)
d
¢ _ P Conax
Lmax tpd
Solving for Qmax:
C C 2
T +J<_T> + 492
Co 0

Cmax = B ) 7

where Cp is the total lumped capacitance in pF, Cg, is the intrinsic line capacitance
in pF/in, and 2 is the length of line in inches defined in equation 95.

Using a lattice diagram, it has been found that the maximum undershoot occurs
when t = 2Tp + Tjy. Substituting this information into equation 88 produces the
relation:

for:
2TD < Tl < 4TD

L}

Ein = 2m (1 + POT) (99)
By definition,
_ (100 - US))
Emin - El ]00 (100)

where U.S. is the percent undershoot. Equation 98 can be used to form a useful
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Percent Undershoot

relationship, which expresses the undershoot in terms of circuit parameters:

27

o 2
%US. = |1 - <1+p + P >+
Z, * Rg + R, S 7S

2
4% g L Zq,
121, (Z, + Rg+ R,)

. 100 (101)

for:

2Tp < Ty < 4T

and:

Thus equation 101 gives the undershoot as a percentage of the logic swing — for a
particular length of line.

If equation 93 is satisfied, then the undershoot reaches a maximum value which
can be found from equation 99 to be:

2Z,
TS max = 100 {1 - g g s 1+ P9) ) (102)

On the other hand, if the length of line is less than specified in equation 93, the
line length can be found from equation 101 once the permissible undershoot has
been specified. Solving:

27 .
0 =< 0 (1 + pg + pg2) - U0 U-S-)>

Z, + Rg + R, 100

(Z. + Re+ R 1.2t
o) S 0 r (103)

2
4Z.Pg tpd
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Line Lengths for Specified Undershoot or Overshoot

for: 1.2 t,
L <

2g

Equations 95 and 97 can be used to find the maximum open line length
(instead of equations 12 and 13) when the maximum percentage overshoot has been
specified. Equations 97 and 103 can be used when the maximum undershoot is
specified. Of course, a more exact value for the maximum permissible line length is
found when a computer program is used to generate the values using an extension of
equation 87. This was done to generate Figures 3-22 and 3-23. The first seven
reflections (n = 7) were used to accurately define the series damping resistor re-
quired to limit overshoot and undershoot for a wide range of load capacitances.
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CHAPTER
MECL Applications

This chapter presents design ideas for using MECL circuits. The majority of
circuits shown here use MECL II parts, as this family was introduced before the
MECL HI and MECL 10,000 lamilies. However most of the MECL II circuits may be
built with MECL 10,000 or MECL I1I parts, giving a corresponding increase in speed.
Conversely, the MECL III designs can use MECL II or MECL 10,000 devices to save
power, when the speed is not required.

Some of the MECL III circuits do not show pulldown resistors. These circuits
are intended only to illustrate the logic connections and either pulldown resistors or
line termination resistors must be incorporated in these designs.

The intent of this chapter is to present various circuits to the MECL user
together with a description of their use and general performance. No attempt is
made to explain the operation of each circuit completely. Since Motorola is
continually expanding the MECL lines, it is expected that some of the following
circuits may be simplified by future complex functions.

Counters

High speed counters are an important part of many system designs. Since
MECL flip-flops are the industry’s fastest, MECL counters find widespread use in
high speed computer, communication and instrumentation systems. Figure 8-1
shows the fastest MECL II decade counter. MC1027s are used in the divide-by five
section because the multiple J and K inputs allow use of the BCD code without an

8-1: 100 MHz MECL Il Decade Counter

BCD Decode Lines are 63, Qp, Q¢ Qg

Clock
Input
Frequency L
o— Q J Q o} J Q
RT J -
A B ) c J D
MC1034 V MC1027 _ Mc1027 MC1027
R K
D a _ _ o _ _o - _QpF+=—o0
J K J K J K £,
m
fo=—
10
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Counters

8-3: 300 MHz MECL i1l Decade Counter
(No Additional Gates Required)

A B c D
Q o) ? o
Reset O- T T
S S S s
—b Q ‘D Q D Q D Q
A B C
fin O——C [ —C b
MC1670 MC1670 MC1670 MC1670
o Q (e ap— Qo
R R R R Q

OUTPUTS
A B C D | STATE
1 o] 1 1 o]
0 o] 1 1 1
1 0 0 1 2
0 o 0 1 3
1 1 (o] 0 4
0 1 (o] 0 5
1 1 1 o 6
0 1 1 o] 7
1 1 1 1 8
0 1 1 1 9
1 o] 1 1 (o]

additional gate. Package count can be reduced by going to the MC10131 dual
flip-flops as shown in Figure 8-2. The gate (1/4-MC10102) is required for BCD
coding. Typical input clock speed for this circuit is greater than 150 MHz. When
higher speeds are needed, the MECL III decade counter shown in Figure 8-3 may be
used. The counter does not operate in a BCD sequence, but the 60/40% duty cycle
output may be a better signal if a slower logic family follows the counter. The speed
of this circuit is more than 300 MHz.

Figure 8-4 shows circuits for using MECL D flip-flops to count from 2 through
10. It should be noted that some counts are not in a natural binary sequence and
some circuits use the MECL Wired-OR feature. The divide-by-seven arrangement of
Figure 8-4 may be simplified by adding a gate in place of the extra flip-flop as shown
in Figure 8-5.

Synchronous counters have a speed advantage when decoding is required or
when propagation delay of the total counter is important. The multiple inputs of the
MC1013 and MC1027 flip-flops may be used for synchronous counting as illustrated
in Figure 8-6. Figure 8-7 shows how the counter may be expanded to 8 stages by
using MECL gates in addition to flip-flops. Gate delays to the J and K inputs must
be considered when computing the circuit’s top operating speed. Even longer

(Continued on Page 174)
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8-4: Dividers Using MECL D Master-Slave Flip-Flops
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8-5: High Speed Divide-By-Seven Counter

MC1023
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1 2 4
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1 1 0] o]
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8-6: MECL Il Divide-By-16 Synchronous Counter
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8-7: MECL |l Divide-By-256 Synchronous Counter

$40JUN0)



183UN0Y sNoOUoIYouAs || 103N 8beiS L L :8-8

—
or—e
—e

HJO%

© o
(el [e]
oo
]
1
[el{e}
[aj e}
-
_l
[aBN®)
-

01—
O
-

Counters

fL
i
t

L

a @]
I|— %2010

]

173




Counters

8-9: MECL Synchronous Excess Three Up-Down Counter

T Q ? 99 o o o)
Clock
T T ! T |
Cc s C S C S C S
Q Qe Q Q
A — C B ¢ ¢ _ Cc b _
D o o o} H D e} F D o)
Reset F R R R R
o 3 T 3 T
o o — 7y
Up-Down N R ~
\ Q
Up = True
A / B C
B

\
ST o

5

synchronous counters are possible by cascading the count sequence to the other C
input, as shown in Figure 8-8. The count may be increased by continuing the
sequence, but the additional series-gate delays must be considered when determining
top speed operation. Circuits for non-binary count sequences are easily designed
with MECL type D flip-flops, because of the extra C input. Examples of such
counters are shown in Figures 8-9, 8-10, and 8-11.

MECL programmable counters are used in high speed phase-locked loop
applications because the higher speeds of such counters eliminate much of the
prescaling required by slower counters. Figure 8-12 is a typical two decade MECL
programmable counter. Early decoding is used to minimize the reset time and speed
up the circuit. A typical BCD decade down counter for the circuit is shown in Figure
8-13. A three decade MECL II programmable counter is shown in Figure 8-14. Worst
case top speed for the circuit is over 50 MHz.

Higher speed programmable counters are possible with MECL III circuits.
Figure 8-15 shows a counter using the MC1678L decade counter. The circuit, as
shown, has a worst case toggle frequency of 125 MHz and typically runs at more
than 150 MHz. Since the MC1678 counts forward, a nine’s complement code is
required on the inputs.

Figures 8-16, 8-17, and 8-18 illustratc typical MECL ring counters. Ring
counters are used for ease of decoding and synchronous operation. The counter in
Figure 8-18 requires more flip-flops (10), but gives a direct one-of-ten output. These
circuits may be of any length needed to give multiphase clocks.

MECL circuit designs with discrete components have been used to obtain even
faster performance than with ICs. Figure 8-19 shows a very high speed divide-by-two
circuit. Speeds greater than 800 MHz have been achieved using the MMT3960
transistors and over 1 GHz using the MMT8015 transistors.

(Continued on Page 182)
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8-10: Synchronous Divide-By-9 (3x3) Counter
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8-11: Synchronous Divide-By-10 Counter
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8-12: BCD Programmable Down Counter (N = 1 to 99)
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Flip-Flops are MC1034 or MC1670
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8-13: BCD Decade Down Counter
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. Programmable from 2-999

8-14: MECL 11 50 MHz + N Counter
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8-15: High Speed MECL 111 BCD Programmable Counter

$42]Uno)



081

MC1023

L MC1034 MC1034 MC1034 MC1034 MC1034
R
D Qj D OLT D Q D Q +— D Qr—e
D R R E RT R R R n E RT RT'_] Ry—
Out a Ie) e a a
c Cc C C Cc Rt
MC1023
In
8-16: MECL Il Decade Ring Counter
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8-17: MECL Il 100 MHz Decade Ring Counter

S42]UNO)



181

Input O

_ _| A _ B _ L B
—K Q J QFOe e e J Q—o J Q
MC1032 MC1032 MC1032 MC1032
F—C B —C _ —i¢c _ c
_ A _ _| B _ _ L _ _
J Q K QrO¢e=-" K Qr—o K Q
R R R f R
I VEE
Io) A
Reset B r
C
D O——
E
5 — MC1032 Dual JK Flip-Flops F @—_‘
Can Be Used G
H O————
OUTPUTS
STATE | A B C D E F G H L M
(o] 1 0 (o] [¢] 0 (o] 0 (o] 0 0
1 0 1 0 o} o] 0 0 0 o] 0
2 0 o] 1 0 (o] o] 0 [¢] (o] o
3 0] 0 o] 1 o] (o] 0 o] 0 0
4 (o] (o] (0] o] 1 o ] o] 0 0
5 0 0 0 o] o 1 o} (o] [¢] 0
6 0 0 0 0o 0 0 1 0 0 0
7 o] 0 o] 0 (o} (o] (o] 1 0 0
8 o] 0 0 0] (o] 0 0 0 1 (o]
9 0 0 (4] o] 0 o] 0 (o] (4] 1

8-18: Self Correcting Decade Ring Counter
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8-19: Functional High-Speed Binary Divider Circuit
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Shift Registers

Similar to counters, MECL shift registers make use of the fast flip-flops for high
performance. These registers are often used as delay lines, with delays controlled to
nanosecond accuracy. Figure 8-20 shows a register commonly used for serial-to-
parallel and parallel-to-serial conversions. This circuit uses the additional gates on the
set and reset inputs to permit parallel data entry without previously clearing the
register.

The shift register in Figure 8-21 takes advantage of the MC10141 to form a
16-bit shift register circuit. With a continuing signal on the clock input, the control
lines are used for shift right, shift left, parallel data entry, and inhibit operations.
The parallel entry mode is used in conjunction with the clock line for loading
information into the register.

Figure 8-22 illustrates a universal register capable of both shift right and shift
left operations. Additional gating may be added as shown in Figure 8-20 for strobed
parallel data inputs.

Adders
In many applications MECL adder circuits are fast enough to use a standard
ripple-technique adder. The speed of this type adder is dependent on the carry-in to
carry-out time of the adder, as well as the number of bits. When faster add times are
(Continued on Page 188)
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8-20: 8-Bit Shift Register

$L218182 ¥ 1J1YS




781

Control

S0 S1
o O

D15 D14 D13 D12

11T T

S0 S1 D3 D2 D1

DR S.R.4 DL
MC10141

C Q3 Q2 Q1 Qo

D11 D10 D9 D8

11T

S0 s1
DR

C Q3 Q2 Q1 Q0

D3 D2 D1

S.R.3 DL_
MC10141

D7 D6 D5 D4

[ 171

D3 D2 D1 DO

P 117

S0 sS1 D3 D2 D1

DRr

S.R.2 DL
MC10141

cC Q3 Q2 Q1 Qo

S0 S1 D3 D2 D1 DO

DR S.R.1 Dy
MC10141

C Q3 Q2 Q1 Qo

]

Clock m—{\

© o O O
Q15 Q14 Q13 Q12

o

o O

Q11 Q10 Q9 a8

S1 SO [ FUNCTION
0 [¢] Enter Data
o 1 Shift Right
1 o] Shift Left
1 1 Stop/Hold

Q7 Q6 Q5 Q4

élbo

Q3 Q2 Q1 Qo

8-21: MECL 10,000 16-Bit Shift Register With End-Around Shift-Left and Shift-Right
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8-22: MECL 1l Dual 4-Bit Universal Shift Register
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8-23: MECL il Add/Subtract With Lookahead Carry
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8-24: Look-Ahead Carry Block With MECL 1i Dual Adders
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P17 G17P18 G18 F19G19 P20 G20 P21 G21 P22 G22 |7323 G23 P24G24
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8-25: 24-Bit Look-Ahead Carry Adder

required, a lookahead-carry circuit may be used. Figure 8-23 showsa MECL II four
bit adder block. The propagate function is derived with NOR gates and carry-out is
used for the generate function. Exclusive NOR circuits on the B inputs permit
adding or subtracting.

The generate (G) and propagate (P) outputs of the MC1059 dual adder simplify
the lookahead carry block as shown in Figure 8-24. The lookahead carry block for
this circuit is similar to the MC10179 and the two are interchangeable. The
lookahead carry blocks can be cascaded to produce second level lookahead carry as
shown for the 24-bit adder circuit in Figure 8-25.

The MC10181 4-bit arithmetic unit and associated MC10179 lookahead carry
block from the MECL 10,000 series are used to cut package count significantly.
Figure 8-26 illustrates some adder circuits along with typical add times for the total
circuit. The typical time of 19 ns for adding two 32-bit words (using only 10

(Continued on Page 191)
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8-26: Arithmetic Operations With MECL 10,000
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8-27: MECL 10,000 16-Bit Full Look-Ahead Carry Arithmetic Logic Unit
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Adders

packages) illustrates the performance of MECL adders. Figure 8-27 shows the
interconnections for a complete 16-bit arithmetic circuit with second level
lookahead carry.

For specialized applications, three numbers may be added simultaneously using
a carry/save adder. Figure 8-28 illustrates this type of adder using MECL II circuits.
Both the sum and carry outputs from the first level adder are used as inputs for the
second level of addition.

8-28: MECL Il 3 Number 4-Bit Carry/Save Adder

Z1 X2 X2 Y2 22 X3

L] LT L

4

X4 Y4 z4
cC A B

c c A B
Cc MC1019 c Mci019 Cc MC1019 c MC1019
IS Co s Co s Co s GCo
A1 B1 A2 B2 A1 B1 A2
-0.8 Vdc 0—1—dCin MC1059 Co—aCin  MC1059 Co—0386
s1 s2 s1 s2
s1 s2 s3 sa S5

Code Converters

The complementary outputs and Wired-OR capabilities of the MECL circuits
are useful for improving performance and reducing circuit count in many code
converters. Figure 8-29 and 8-30 illustrate a high speed ripple BCD-to-binary
converter. The circuit may be extended to any length by adding the two basic
building blocks of Figure 8-30. Note the use of the Wired-OR connection in the
building blocks.

Figure 8-31 illustrates cascaded data selectors for selecting 1 of 32 lines. This
circuit also makes a good parallel-to-serial converter when the Cinputs are
controlled by a counter chain and when parallel information is put on the input data
lines. The converse of this circuit is made possible by using decoder circuits which
give binary-to-one-of-N code conversion (or, with a countcr, a serial-to-parallel
conversion). A point to consider, when cascading data selectors or decoders with
MECL series gated parts, is the uncqual propagation delays of the differing inputs.
Since the lower levels of the series gate are slightly slower than the top level, a spike
may result on some of the outputs while switching the circuit. This spike is normally
much less than a gate delay in duration. It can be nullified, if necessary, by adding a
faster gate in series with the appropriate input leads or by sampling the outputs after
the longest delay-path time. The MECL 10,000 series multiplexersand decoders do
not use series gating and do not exhibit this output characteristic.

Figures 8-32 and 8-33 show conversions between Gray and binary codes. The
Gray-to-binary coding uses both the Wired-OR and complementary gate outputs to
give a maximum of two gate delays for any signal path.

(Continued on Page 196)
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Code Converters

8-29: Ripple BCD to Binary Converter
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Code Converters

8-30: MECL Il BCD to Binary Converter Logic Blocks

O A0

193




y61

LT L3 L5 L7

LO| L2 | L4 | L6

[T

L9 L11 L13 L15

L8 |L10|L12|L14

[T

L16|L18|L20|L22

[T

L17 L19 L2171 L23

L25 L27 L29 L31

L24(L26|L28|L30

[T

MC1038 — MC1038 — MC1038 m— MC1038
or or or 1 or

MC10164 1 MC10164 —-‘ MC10164 MC10164
C4 00— : 1 1 _]
C3 O—
C20
C1 00— MC1028
COO— MC10164

Data Output
8-31: 32 Channel Data Selector Array with Cascaded Data Selectors
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Code Converters

8-32: MECL Il Binary to Gray Code Converter

MC 1030
BO
Go=80 @ B1
B1 O— 4
G1=B1 ® B2
B2 O——4
G2=B2 ® B3
B3 T~
>—0G3=83 D B4
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8-33: MECL !l Gray to Binary Code Converter

Logic: MC1010, MC1030, MC 1031

GOH ————O0B0=(A @® B)(C ® D)+
(A ® B ® D)

————O0B1=B  (C ® D)+
B ¢ (C (® D)

G20 \
) ——O0B2=C ® D
& Typical Propagation Delay = 10 ns

G3O—m9 [
Where: A = GO
B- a1 0B3=D
C=G2
D= G3
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Memories

Memories

While the cost and size of present MECL memories limit their practical use for
very large storage, the fast access and write times can speed-up system operation
when these circuits are used for scratch-pad or temporary storage memories. Figure
8-34 illustrates the use of the MC1036 16-bit memory in such a circuit. The circuit

8-34: MECL Il 16-Word by 4-Bit Memory

—O0 X4
—0 X3
—0 X2
—O X1
OVEE
L1 MC1036 L4 MC1036 L4 MC1036 ——J MC1036
I LT T
Y1
Y2O
Y30
Y4 O—

[17] fui vinEEELy!

S1 w0 w1 SO s1 W0 W1 so s1 W0 w1 SO 31 w0 W1 SO

e J
-

Bit 0 Bit 1 Bit 2 Bit3

can be expanded to any reasonable size by decoding the input with extra logic. The
larger and faster MECL 10,000 64-bit memory, the MC10140, may be used in
similar circuits for lower package count.

Although not designed as a memory, the gated inputs and strobed outputs of the
MC1040 or MC10133 quad latches allow this circuit to be used in many memory appli-
cations. Anexample of a memory using the MC1040 latches is shown in Figure 8-35.
The word/bit configuration is flexible, depending on how the input and outputs are
selected and how the outputs are wired together.

Small MECL III memories provide the ultimate in high speed performance.
Available as a random access memory (RAM), content addressable memory (CAM),
or both (CARAM), the circuits may be combined for several high speed memory
types. Figure 8-36 illustrates using both the CARAM and RAM memories in a very
high speed buffer memory. When a word is required from the main storage memory,
it is placed in the RAM portion of the buffer for future access. The word’s address in
mass storage is placed in a content addressable memory (tied to the random access
section), thereby allowing words to be addressed by their mass storage location

during one cycle time of the buffer memory. As the address of the desired word is
(Continued on Page 199)
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8-35: Dual 8-Bit 2-Address Latch/32-Bit 6 ns MECL Il Memory
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8-36: CAM/RAM High Speed Buffer Memory (MECL I11) 64-Word by 2-Bit RAM—16-Word by 8-Bit CAM
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Oscillators

presented to the content addressable section, the CAM will indicate (in one cycle
time) whether or not the address is in the CAM, and whether or not the desired
word is available in the buffer. If the word is present, the desired read and/or write
function can be performed at buffer RAM speeds.

Oscillators

Oscillators are easily designed with MECL circuits. The simplest high speed
oscillators are formed by an odd number of NOR gates arranged to form a ring. The
oscillation frequency is determined by the gate propagation delay and the number of
gates. RC timing networks are used for slower oscillators as shown in Figures 8-37

and 8-38. Both of these circuits give complementary outputs and a good range of
oscillation frequencies.

8-37: MECL 11 Astable Multivibrator with Gates and RC Timing

100 pF

___K__

D

3k

MC1004 X

3k

D L

—_K___‘

100 pF

8-38: MECL Il Astable Multivibrator with JK Flip-Flop and RC Timing

- VCC S R —~C
—3
R = HM R =2k OHMS _
3 k OHMS 3 a ° _j_l_
C f (kHz) [ f (kHz) 3
0.01 uF | 16.113 0.01 uF | 25.280 3 t = 4.8 ns
0.001 uF | 150 0.001 uF | 233.23 - Mc1013 =88 ns
360 pF | 405 360 pF | 621.85 i
100 pF | 1361.3 100 pF | 2025.3 K _ o
24pF | 6481.8 K o LT
10pF |10055.3 K VEg R L
<Cc SR
-5.2 Vdc o—-L——I
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Oscillators

Crystal controlled oscillators are required when tighter frequency control is
needed than is practical with the simple RC oscillator. Because of high input
impedance and linear operation, any MECL NOR gate may be used in a simple
crystal oscillator circuit. However, line receiver circuits are normally used because
VRB is available for biasing. Figure 8-39 shows a typical crystal oscillator circuit
using the MC1035.

MECL crystal oscillator circuits are often used with TTL designs. By using a
resistor in series with the VCC line of a second gate, a MECL crystal oscillator can be
converted to a TTL-compatible output, as shown in Figure 8-40. The high speed
MECL III circuits are capable of operation beyond practical crystal frequencies. A

8-39: 10 MHz MECL |1 Crystal Oscillator with Schmitt Trigger

10 MHz

1ML
{ ==t
4-30 pF

4-30 pF

\J/ 1/3 MC1035
L7 —] 1

2.2k % 1/3 MC1035
VN~
200
300 Vee = Gnd
0-|1/uF Veg =-5.2 Volts
I "1

Vgg=52Vo—m———
1/3 MC1035

8-40: MECL 10,000 Crystal Oscillator With TTL or MECL Output

+5.0 Vdc

MC10111
Crystal

7-35 pF
1N
IDI 1S TTL Output

| 130
geoo

-5.2 Vdc

(3—5.2 Vdc

MECL
Outputs
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Oscillators

frequency doubler may be used with the crystal oscillator to generate higher
frequencies as shown in Figure 8-41. The MC1662 is converted to two one-shot
multivibrators by using the proper length delay lines; Wire-ORing the one-shot
outputs gives the frequency multiplication.

In addition to oscillators, pulse generators are often required in system design
and test equipment. Figure 8-42 illustrates a circuit for constant frequency

8-41: MECL Il Crystal Oscillator with Frequency Doubler

Crystal
1M
IDI

%MC1692

) %MC1692
j out
IR
) }_4>—;——4 fout
Cc1 ;g L1 R1 'j:

%MC1692
Y% MC1692
%MC1662
T '
2 fout
p—
%MC1662

Delay Line Equal
to % Wave Length
of Frequency

8-42: MECL II/MECL 10,000 Variable Pulse Width Generator

0.01 ;LFT £220
100 pF >
/l'

1.2k
— WA~ .
g A S 220
220
-5.2 Vdc O
O -5.2 Vdc
5k
*1/3 MC1035 or MC10116
**1/2 MC1023 or MC10109 100
pF
-5.2 Vdc
-5.2 Vdc o Output

(-0.8 to ~1.6 Vdc)
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Oscillators

operation with variable pulse width. Figure 8-43 shows a generator with both
variable frequency and variable pulse width.

8-43: MECL |1l Pulse Generator: Variable Frequency and Pulse Width

600 300

Vee O—W\«——cr—'vv\,—

I Frequency 5 to 13 MHz
Pulse Width 15 to 40 ns
200

1/3 MC1035 1/4 MC1010

1/3 MC1035
300 pF ‘i {T \i ’ >O o

200

2k

I—} 50 pF
L 1/3 MC1035
Ves 800
—— \N—
560
200 M VW—O0 -VEE
200

One-Shot Multivibrators

The one-shot multivibrator circuits are used in a variety of pulse shaping
applications. These circuits are used both as pulse stretchers, and as pulse generators
driven by input pulses differing in duration from the output pulses. Most of the
slower circuits use RC timing to determine pulse width; but the use of delay lines
gives better results for very narrow pulses.

Figures 8-44, 8-45, and 8-46 illustrate three techniques for shaping pulses. If the
input pulse is narrower than the time constant setting, the output in Figure 8-46 will

8-44: Monostable Multivibrator: Constant Output Pulse Width

910
AAN
¢
AN
50 pF
510
‘ -5.2 Vdc
: 0 Q1
*—9 0 Q1
510
-5.2 Vdc
510
-0.7V
-1.6V JLI o 1__- 4
MC1026 510
-5.2 Vdc
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One-Shot Multivibrators

8:45: MECL 1l One-Shot Multivibrator

-1.6V O———S Q -0 -1.55V

MC1014 t‘1 T s
—{R oY
VR 0 -0.75V
c J S
o ——jf —
L A
R

tg occurs when Vg reaches = -1.15 Vdc A at tq, Vg = -2.35 Vdc

8-46: MECL Il Multivibrator

MC1010
i

C 100 pF ~ 20 ns
Unused Inputs to -5.2 Vdc I

C22220pF for T=40ns

8-47: High Speed Multivibrators

1/2Mc1023

O
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One-Shot Multivibrators

follow the input. The one-shot in Figure 8-44 will accept an input of any pulse
width and give a constant output pulse width. Figure 845 must have an input
narrower than the output and be used as a pulse stretcher or the flip-flop will reach
an indeterminate state with both set and reset high. This condition can be eliminated
by connecting the input to a J input of an MC1013 or similar circuit. Use of the
MC1013 gives a constant pulse width out, regardless of input pulse width.

For high speed applications a delay line is used to set the time duration of
one-shot multivibrators as shown in Figure 8-47. In addition to commercially
available delay lines, lengths of coaxial cable and circuit board microstrip line are
commonly used for the delay path. A variation of the delay line monostable
multivibrator is shown in Figure 8-48. This circuit uses two delay lines of unequal
duration. Either pulse length, or no output pulse, may be selected with the S inputs.
This circuit may be expanded as necessary with additional delay lines and gates.

8-48: Gated Pulse Width One-Shot Multivibrator

S10 D
2
t—o I L

input D1if§1=0

D1 D2if32=0
oifS1e52=1
N D2
S20-
8-49: MECL 11l Retriggerable One-Shot Multivibrator
c1
Ve o 1€
220 pF MC1692  oVee
In O— 510
Vee o—if
0.01 uF > Out
10 kﬁ R1
VEE O 510 510
510
VEE
. Vgg

Output: Low During Pulse Train
High No Pulse Train

Maximum One Shot Period = 550 ns
Minimum Input Pulse Width At 5 MHz = 5.0 ns
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Linear Applications

The retriggerable one shot multivibrator is useful for many applications, for
example, to determine the presence or absence of pulse trains. A MECL III
retriggerable one shot is shown in Figure 8-49. This circuit recognizes a pulse train
having pulses spaced up to 550 ns apart. The minimum input pulse width is
dependent on the repetition rate of the incoming signal. The 550 ns delay time is
adjustable with the RC time constant (Cy, Ry).

Linear Applications

The differential amplifier input of the basic MECL circuit allows the parts to be
used in many linear applications. Some devices are made in all families with both in-
puts of the differential amplifier available outside the package. These MECL circuits
are called Schmitt triggers or line receivers. Most circuits supply VBB on an
output pin for additional flexibility. Figure 8-50 and 8-51 illustrate two amplifiers

8-50: MECL 11 Amplifier/Schmitt Trigger

VeB

5k MC 1035

p————O Output
Input & :1 4 > ) _L
800 mV I I
i 50

8-51: MECL Il Video Amplifier

MC 1035

VBB O-
> > p——0O Output
NG ovo—) 850 mV (P-P)

5k
A A

l47 pF l
VBBOT VBB
1 0.01 uF I

Voltage Gain = 600 V/V.
3 dB Down = 40 MHz @ Gain =424 V/V.
Single-Ended Gain = 5.0 V/V Per Stage @ BW = 40 MHz.
Double-Ended Gain = 10.0 V/V Per Stage @ BW = 40 MHz.
Negative Feedback or Fewer Stages May Be Employed

to Reduce Gain and Increase Bandwidth.

10 uF

VEE
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using the MC1035. The circuit in Figure 8-50 is useful for shaping and amplifying
low level signals up to MECL signal levels. The Schmitt trigger third stage assures
good edges. The bandwidth is about 40 MHz for the MC1035, but can be increased
by using faster MECL circuits. The MECL 10,000 MC10115 has 10 dB of gain per
stage at 100 MHz when used as an amplifier. The MECL III MC1692 is useful
beyond 300 MHz, although care must be taken in circuit layout to avoid oscillation
at these high frequencies.

Additional flexibility of MECL circuits is demonstrated by the MC1019 adder,
used as a balanced modulator as shown in Figure 8-52. The three-level series gating
required for this circuit is not available in the faster adders, but the speed of the
MC1019 is adequate for many applications. When properly adjusted, carrier
suppression is quite good.

Introduction of the MECL MC1650 A/D comparator set a new standard for
high speed A-to-D conversion. A 3-bit parallel A-to-D converter is shown in Figure
8-53. The MC1650 is limited to 6-bits conversion because of hysteresis in the circuit.
The MC1650 is also used in serial conversions to save on parts — but with some
sacrifice in speed.

Translators

MECL signal levels are completely compatible within any one family. In
addition, MECL 10,000 and MECL III parts are designed to interface directly with
cach other. However, translators are required to interface MECL with most other
logic families and with signals from other electrical equipment.

MECL II is easily interfaced with MECL 10,000 and MECL III as shown in
Figure 8-54. The higher MECL II output levels are compatible with the faster MECL
10,000 and MECL I1I inputs when MECL II is heavily loaded with the resistor pair.
While not essential, the resistor combination insures full noise margin in the logic
level. An alternate approach is to use a single 510 §2 resistor to VEg on the MECL I
output. Conversely, lightly loading the MECL 10,000 or MECL III outputs with a

8-52: MECL Il Balanced Modulator

0.1 uF
PY 1L
e 1
%10 k

0.05 uF
Audio O— ),L 4 505,
0.1 uF MC1019 Outputs
L——é 3 +——o58
12 136 °
B 10k
Audio Input = 220 mV at 3 kHz
Ve 10k 5k 10k Carrier Input = 400 mV at 30 kHz

30 kHz Qutput = 0.25 mV (Carrier)

$0.01 uF 27 kHz LSB = 60 mV
I 33 kHz USB = 60 mV
50 Carrier f
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Translators

8-53: MECL I1l Analog-to-Digital Converter

+Vyef

Analog T 1/2 MC1650 I I

Input BO— 1/4 MC1662 | | MSE |
> — 9—| |
] Do
[
l

/\_NWT_
Y

Analog

| S 01 0
9 %—— I s |
135l7 715 31
L >0 —oO | | | |
I

~Vryef %

Gate
3-Bit A/D Converter

2.0 k&2 resistor raises the output logic levels to meet MECL II requirements.
MECL II will operate directly with MECL 10,000 and MECL III, but there is a loss
of 115 mV noise margin at the interface.

MECL and MTTL or MDTL circuits are interfaceable by any of several
methods: When MECL is operated at the recommended -5.2 volts and TTL at
+5 volts supply, translator circuits such as the MC1017 and MC1039 may be used.
When using MECL 10,000 or MECL III, a circuit using the MC10110, shown in
Figure 8-55, makes a good translator. If a -2 volt supply is not available, the two
Thevenin equivalent resistors may be used as shown in Figure 3-25. The MC10110
has the advantage of being a dual translator, but the MC1026 or any MECL 10,000
or MECL III gate (as shown in Figure 8-56) may be used. The MC1650 A/D
comparator is useful for very high speed TTL to MECL translation.

For many small systems it is not practical to have two supplies, with MECL
operating at -5.2 volts and TTL at +5 volts. No integrated circuit translators are
available for interfacing with both circuit types at +5 volts; however translation is
easily accomplished with discrete components as shown in Figure 8-57. These
circuits are fast enough for any available TTL.
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Translators

8-54: Interfacing MECL Il to MECL tif or MECL 10,000

8-55: Dual MECL to TTL Interface

+5.0 Vdc +5.0 Vdc

TTL Out TTL Out

2 1/2 MC10110
1 MC10110
MEC | / MECL In

MECL also interfaces readily with MOS. With CMOS operating at +5 volts, any
of the MECL to TTL translators works very well. On the other hand, CMOS will
drive MECL directly when using a common supply. P-channel MOS, operating with a
negative supply, requires simple translators as shown in Figure 8-58.

MECL translators such as the MC1018 are used with transistor buffers for lamp
driving as shown in Figure 8-59. These circuits are also used for interfacing with
most discrete component circuits when the input must drive the base of a grounded
emitter transistor. The MECL to MOS translator circuit in Figure 8-58 drives a lamp
connected to a negative voltage. These circuits can be further buffered for driving
relays and other equipment with high current requirements.

Important when designing indicator displays is the ability of MECL 10,000 and
MECL III to drive light emitting diodes (LEDs) directly. The LED is connected
between the MECL output and Vee. The MECL 1 level is adequate to hold the
diode off, and a @ level is sufficient to allow the diode to conduct. Current in the
light emitting diode is controlled by the size of the pulldown resistor between the
MECL output and VEE.

208



602

;W+u+mwaio«m+5
Lndino.

9C0LON

SUO119BULOD 104 ajge | sag

i L s e bt D o

e T o

10jejsues) 21607 pajeinies 01 1IN pPaads ubiH :96-8

SL0)UjsUDL |



Translators

8-57: TTL/MECL Interfaced with Discrete Components, to Permit Common Supply Voltage Operation

+5.0 Vdc

(a) MECL to TTL Transistor

(b) TTL to MECL Transistor
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Translators

8-59: MECL Il Lamp Driver

Vin = -1.6 V: Bulb On

MPS6530

6+10+11+ 12+ 13 = Bulb On

The MECL line receiver and Schmitt trigger circuits are ideal for interfacing low
frequency sine waves and low amplitude signals to MECL. An example of this type
of circuit was shown in Figure 8-50 and described earlier in this chapter under the
heading, “Linear Applications.”

A CONCLUDING COMMENT

The wide variety of applications shown in this chapter illustrates the versatility
of MECL integrated circuits. Although used primarily in high performance digital
equipment, these circuits have been designed into all types of electronic equipment.
The circuits exhibited in this section are intended as design ideas for using MECL,
and are not meant to restrict the user to the particular applications shown.

Motorola has incorporated the features necessary for high system performance
into MECL circuits. How well this performance is translated into an operating system
is measured by the ingenuity and imagination of the System Designer.

e==>
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