















































































































































































































































































































































































































































































































































UNIVERSAL DECADE

COUNTER

MC10137

MECL 10,000 series

SEQUENTIAL TRUTH TABLE*

INPUTS OUTPUTS
Carry | Clock Carry
S1|52|/00|D1|D2|D3] In **+ 1Q0|Q1|Q2}Q3| Out
(S R T N T S ¢ H HlH]|H|L H
[ S B I - O L H L|L]|L|H H
LiH|o|o|o |0 L H I N S T S
LlH]|o|o]|o]e L H (S I I I
LIH]|o |00 |o L H HiuvfjL]u H
LiH]|o|o |0 |0 H H HiL]|L ]|t H
Li{H|o|lo|o |0 H H HlcLv)ue]leo H
HiH) o |0 |0 | [ H I S S S H
Lje{H]H]lL]L] @ H Hin| Lol w
HiL|lo oo ]o L H Ll H
HiL]|o o |o |9 L H HlL]L]Le] H
HiL|o|o|o |0 L H [N N B S L

¢ = Don't care.
shown from top to bottom.

a high logic level.

*Truth table shows logic states assuming inputs vary in sequence

** A clock H is defined as a clock input transition from a low to

The MC10137 is a high speed synchronous counter
that can count up, count down, preset, or stop count at
frequencies exceeding 100 MHz. This decade counter
isuseful in high speed central processors and peripheral
controllers, minicomputers, high speed digital commu-

icati quip and instr i “The flexi-
bility of this device allows the designer to use one
basic counter for most applications. The synchronous
count feature makes the MC10137 suitable for either

puters or instr

Three control lines (S1,S2, and Carry In) determine
the operation mode of the counter. Lines S1 and S2
determine one of four operations; presat (program),
increment (count up), decrement (count down), or
hold (stop count). Note that in the preset mode a
clock pulse is necessary to load the counter, and the
information present on the data inputs (DO, D1, D2,
and D3) will be entered into the counter. Carry Out
goes low on the terminal count. The Carry Out on the
MC10137 is pertially decoded from Q1 and Q2 directly,
80 in the preset mode the condition of the Carry Out
after the Clock's positive excursion will depend on the
condition of Q1 and/or Q2.

When an output is not needed, it can be left open to
conserve system power. (The open emitter output will
require no power if left open.) The counter changes
state only on the positive going edge of the clock.
Any other input may change at any time except during
the positive transition of the clock. The sequence for
counting out of improper states is as shown in the
State Diagrams.

A prescaler can be constructed using the MC10137
in conjunction with the MC10231 which will operate
at over 200 MHz input freugency. A 500 MHz prescaler
is possible using an MC1690 500 MHz D Filip-Flop, an
MC1670 300 MHz D Flip-Flop, and the MC10137.

VEE =

Pin8

wja: Qop—14
13 c
12— Do a1 15
11— D1

Q—2
6 — D2
§— 03 Q3}—3
9 —{ 51
7—{s2 Coub—4¢

Veeq = Pin 1

Vcez = Pin 16

FUNCTION SELECT TABLE
S1 S2 Operating Mode
L L Preset (Program)
L H Increment (Count Up)
H L Decrement (Count Down)
H H Hold (Stop Count)

Pp = 625 mW typ/pkg (No Load)
feount = 150 MHz typ

See General Information section for packaging.
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VOLTAGE-CONTROLLED
MULTIVIBRATOR

-MECL 11l MC1600 series

MC1658

Cx1,,Cx2
1 T4‘.--T14
N
Vex 20— Q—o06

Bias Filter 12 O—

Input Filter 13 0— ap—o04

Vcet = Pin1
Vcez = Pin§
Vgg =Pin8

The MC1658 is a voltage-controlled multivibrator which
provides appropriate level shifting to produce an output
compatible with MECL 11 and MECL 10,000 logic levels.
Frequency control is accomplished through. the use of
voltage-variable current sources which control the slew
rate of a single external capacitor. '

The bias filter may be used to help eliminate ripple on
the output voltage levels at high frequencies and the input
filter may be used to decouple noise from the analog input
signal.

The MC1658 is useful in phase-locked loops, frequency
synthesizer and clock signal generation applications for
instrumentation, communication, and computer systems.

FIGURE 1 — CIRCUIT SCHEMATIC

Vcez  Veer
o1

|
3100

5
1003

b
A 4
G 40— l—o6 Q
s
1k \| 1000 3
Vex 20—%—’; f»{ 91

l\\ pb—O 12 Bias Filter
I3
::1 K
cx 110- .._| 014 Cx
) ‘80 80 )
1x3 1k
; 2 V $2s0
Input Filter 13 O }\ b
Y 1
3
) 4 125 3125
lf
> R > N
3 500 500 262 3500 250
os
Vee

See General Information Section for packaging.
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Lev

ELECTRICAL CHARACTERISTICS

This MECL 111 circuit has been designed to
meet the dc specifications shown in the
test table, after thermal equilibrium has
been established. The circuit is in a test
socket or mounted on a printed circuit
board and transverse air flow greater than

L SUFFIX

CERAMIC PACKAGE

500 linear fpm is maintained. Outputs are 11 1(— 14 CASE 620
terminated through a 50-ohm resistor to T- T
-2.0 volts.
Vex 20— af—o0s6 Y F SUFFIX
CERAMIC PACKAGE
CASE 650
Bias Filter 12 O—
P SUFFIX
Input Filter 13 0— al—oa4 PLASTIC PACKAGE
CASE 648
TEST VOLTAGE VALUES
. Vde £1%
@ Test
Temperature ViH ViL V3 ViHA VEE
-30°Cc 0.0 -2.0 -1.0 +2.0 5.2
+25°C 0.0 -2.0 -1.0 +2.0 -5.2
+85°C 0.0 -2.0 -1.0 +2.0 -5.2
Pin MC1658 Test Limits VOLTAGE APPLIED TO PINS LISTED BELOW:
Under -30°C +25°C +85°C (vee)
Characteristic Symbol Test Min Max Min Typ Max Min Max Unit Vin Vi V3 ViHA VEE Gnd
Power Supply Drain Current 13 8° - - - - 32 - - mAdc 2 - - - 8 15
8"* - - — — 32 - - mAdc 2 — - - 8 1.5
Input Current linH 2° - - - - 350 - - uAdc 2 - - - 8 15
Input Leakage Current linL 2 ~ - 0.5 - - - - uAdc 2 - - 8 1.5
Q' High VoH 4° -1.045 | -0.875 | -0.960 - -0.810 | -0.890 | -0.700 Vdc - - 2 - 8 1.5
Output Voltage 6 -1.045 | -0.875 | -0.960 = -0.810 | -0.890 | -0.700 Vdc - - 2 - 8 1.5
“Q" Low VoL 4q° -1.890 | -1.650 | -1.850 - -1.620 | -1.830 | -1.57% Vde - - 2 - 8 1.5
Output Voltage 6°° -1.890 | -1.650 | -1.850 - -1620 [ -1.830 | -1.575 | Vdc - - 2 - 8 15
AC Characteristics (Figure 2) Vge Vee
(Tests shown for one output, but Cx1 Cx2 Gnd -32v| +20v
checked on both)
Rise Time (10% to 90%) Ao 6 - 27 - 1.6 2.7 - 3.0 ns - 11,14 - 2 8 1,15
Fall Time (10% to 90%) - 6 - 2.7 - 14 27 - 3.0 ns - 1,14 - 2 2 5
Oscillator Frequency fosct - 130 - 130 155 175 110 - MHz - 11,14 - 8 1.5
fosc2 = = - 78 90 100 - - MHz | 11,14 = = 8 15
Tuning Ratio Test t TR - - - 3.1 45 - - - - 11,14 - - 8 15
*Germanium diode (0.4 drop) forward biased from 11 to 14 (11 ——§p—— 14). C1=0.01 uF connected from pin 12 to Gnd.
* *Germanium diode (0.4 drop) forward biased from 14 to 11 (11 ——jg¢—— 14). C2 = 0.001 uF connected from pin 13 to Gnd.
tTR = Output frequency at Vex = Gnd Cx1 = 10 pF connected from pin 11 to pin 14.
Output frequency at Vex = -2.0 V Cx2 =5 pF connected from pin 11 to pin 14,

(Penuiuod) gGo LI



MC1658 (continued)

FIGURE 2 — AC TEST CIRCUIT AND WAVEFORMS

[e]]

IO.‘I uF

-3.2 Vdc

VEeE

50%

50%

Vee
+2.0 Vdc
%0.1 uF
L 0.001 puF Veetr Vee2 Coax
= )l o Bias a -—-O—D—O Channel “A"’
Filter Input 2
0.1 uF
__)l_o_. Input
JE Filter
Coaxial Cables
p—————O0—Vex (Equal tengths, typ 2 places)
To Scope
r‘*— Cx
0.1 uF :E Cx
Lo_.. 3 Channel "'B”
Cx e Input 2
Coax

50-0hm termination to ground lo-
cated in each scope channel input.

All input and output cables to the
scope are equal lengths of 50-ohm
coaxial cable. Wire length should
be < 1/4 inch from TP;, to input
pin and TP,y to output pin.
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MC1658 (continued)

FREQUENCY (MHz)

FIGURE 3 - OUTPUT FREQUENCY versus CAPACITANCE FOR
VARIOUS VALUES OF INPUT VOLTAGE

1000
M4
100
10 =
- N N
A\ =0 Vdc
X e NIN
i 111 <N
\
1.0 Vex = -1.0 Vde
. e nat AN
H—-HHHH
Vex = -2.0 Vde i
L A
N
01 L L]
1.0 10 100 1000

Cx (PICOFARODS)

fo ® Cx: FREQUENCY-CAPACITANCE PRODUCT (MHz-pf)

FIGURE 5 — FREQUENCY-CAPACITANCE PRODUCT versus

10,000

FIGURE 4 — RMS NOISE DEVIATION
versus OPERATING FREQUENCY

10,000 o =

z 10T 1 1

3 Vee = +6.2 Vde

b= Veg = 0.0 Vdc |/

5 VeE = v

> 1000

= =

5a 2

z3

5% 400 :

g Nasst

w

[

w

s yZ DC CONTROL INPUT = 4.0 Vde J]{]
10 _A TR T RN
01 10 10 100

f, OPERATING FREQUENCY (MHz2)

CONTROL VOLTAGE (Vcx)

1500

[ [ ]

1400
1300

Desired Frequency (MHz)

| Cx(pf) = Frequency-Capacitance Product at Desired V¢ x

/f

1200

1100
1000

900

800

700
600

500
400

300

-2.0

-1.8

-1.6

-1.4 12

-10 08 -06

Vex. INPUT VOLTAGE (Vdc)
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MECL 11l MC1600 series
DUAL 4-INPUT GATE

MC1660

MC1660 provides simultaneous OR-NOR or AND-
POSITIVE LOGIC NAND output functions with the capability of driving
A 50-ohm lines. These devices contain an internal bias
8) a o reference voltage insuring that the threshold point is
(9) s c 3 (7) always in the center of the transition region over the
(10 6 2 (6) temperature range (-30° to +85°C). The input pulldown
a1 7.2 X=ATBFCFD resistors eliminate the need to tie unused inputs to VEE.
(14) 10 Y=A+B+C+D
(15) 11 14 (2)
(16) 12 15 (3)
(1 13
NEGATIVE LOGIC
A

(8) 4 —™

(9) 5 —T- : 3 (7
(10) 6 — 2 (6) tpd = 0.9 ns typ (510-0hm load)

0o

o

o]

1.1 ns typ ( 50-ohm load)
“n 7 —0 X-A®BEeCeD Pp = 120 mW typ/pkg (No load)

(14) 10 —— O Full Load Current, || = -25 mAdc max

Y=AepgeCeD
(15) 11 — O

(16) 12 ——

14 (2)
15 (3)

(1) 13

Numbers at ends of terminals denote pin numbers for L package (Case 620).
Numbers in parenthesis denote pin numbers for F package (Case 650).

CIRCUIT SCHEMATIC

(6) (3)
OR 20— —-O 15 OR

NOR 30 l\Lom NOR

7 (2)

O
a 5 6 7 8 10 1 12 13
(8) (9 (1o (M (12) (14)  (18) (18 (1)

Numbers at ends of terminals denote pin numbers for L package (Case 620).
Numbers in parenthesis denote pin numbers for F package (Case 650).

See General Information section for packaging.
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MC 1660 (continued)

ELECTRICAL CHARACTERISTICS

This MECL I circuit has been designed to
meet the dc specifications shown in the
test table, after thermal equilibrium has
been established. Air flow greater than 500
finear fpm should be maintained while the
circuit is either in a test socket or is
mounted on a printed circuit board. Test
procedures are shown for only one input

-
o ©
o N

and one output. The other inputs and "
outputs are tested in a similar manner. 14
Outputs are tested with a 50-ohm resistor 15 2 F SUFFIX
to -2.0 Vdc. See general information sec- 16 3 CERAMIC PACKAGE
tion for complete thermal data. , CASE 650
TEST VOLTAGE VALUES
(Volts)
@ Tost
Temperature | ViHmax | ViLmin [ViHAmin{ViLAmex | VEE
-30°C | -0875 | -1.890 [ -1.180 [ -1.515 | -5.2
+25°c | 0810 [-1850 | -1.095 | -1.485 | -52
+85°c | -0.700 [ -1.830 | -1.025 | -1.440 | -52
Pin MC1660F Test Limits TEST VOLTAGE APPLIED TO
Under _30°C +259C +85°C PINS LISTED BELOW: vee)
Cheracteristic Symbol | Test Min Max Min Max Min Max Unit_| ViHmax| Vitmin [ViHAmin|ViLAmax | VEE Gnd
Power Supply Drain Current I3 12 - - - 28 — - mAdc - - - - 12 45
Input Current linH . - - - 350 - - HAdc . - - - 12 45
linL . - - 05 - - - wAdc - . - - 12 45
NOR Logic "1~ Output Voltage | Vo -0.875 | -0.960 | -0.810 |-0.890 | -0.700 | Vdc = 2 45

-—
[

23
[
[
-—
-—

7
l 1 l °
NOR Logic 0" Output Volitage VoL 7 -1.890 |-1.650 | -1.850 | -1.620 |-1.830 | -1.575 Vde 8 - - - 12 45
9 - - -
l l N N A
11 - - =
OR Logic "'1"" Output Voltage VOH 6 -1.045 | -0.875 | -0.960 | -0.810 |(-0.890 | -0.700 Vde 8 - - 12 45
9 - - -
l l IR RN
1 - - -
OR Logic "'0” Output Voltage VoL 6 -1.890 |-1.650 | -1.850 | -1.620 |-1.830 [ -1.575 Vde - 8 - 12 45
. - 9 - -
1 l l Z " - 1 1
- 1 - -
NOR Logic 1" VOHA 7 -1.065 - ~-0.980 - -0.910 - Vde - - 8 12 a5
Threshold Voltage - - - - - - 9
. - - - - - - 10
- - - - - — 11
NOR Logic "0" VoLA 7 - -1.630 - -1.600 - -1.665 | Vdc - - 8 - 1 a5
Threshold Voltage - - N - - - 9 -
- - - - - 10 -
_ - - - - 1 -
OR Logic “1" Threshold Voltage| VoA 6 -1.065 - -0.980 - -0.810 - Vde - - 8 - 12 45
- - - - - 9 -
1 1 Z l Z - - - 9 - 1 l
- - - — = 11 =
OR Logic 0" Threshold Voltage| VoLA 6 - -1.630 = -1.600 - 15855 | vdc - - - 8 1 ‘45
- - - - 9
IHNHNENNEEHEENY
- - - — - - 1
Switching Times (50 2 Load) Pulse In | Pulse Out -32v | 20V
Propagation Delay 18+7- 7 - 18 - 1.7 - 19 ns 8 7 - - 1 45
tg-6- 6 - 18 - 17 - 19 6 - -
18+6+ 6 - 16 - 15 - 1.7 6 - -
tg74 7 - 16 - 15 = 17 7 - -
Rise Time 7+ 7 - 22 - 21 - 23 ns 8 7 - - 12 45
16+ 6 - 22 - 2.1 - 23 ns 8 6 - - 12 45
Fall Time - 7 - 22 - 21 - 23 ns 8 7 - - 12 45
tg- - 6 - 22 - 21 - 23 ns 8 6 - - 12 a5

*Individually test each input applying V| or V| to the input under test.
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MC 1660 (continued)

ELECTRICAL CHARACTERISTICS

This MECL I circuit has been designed to
meet the dc specifications shown in the
test table, after thermal equilibrium has
been established. The package should be
housed in a suitable heat sink (IERC-
14A2CB or equivalent) or a transverse air
flow greater than 500 linear fpm should
be maintained while the circuit is either in
a test socket or is mounted on a printed
circuit board. Test procedures are shown

o 0

— W

for only one input and one output. The 11 14 L SUFFIX
oth.or inputs and outputs are testcd(in a 12 15 CERAMIC PACKAGE
similar manner. Outputs are tested with a CASE 620
60-ohm resistor to -2.0 Vdc. See general 13
information section for complete thermal TEST VOLTAGE VALUES
data. (Vohs)
© Test
Temperature Vidmax | ViLmin |ViHAmin|ViLAmex | VEE
-30°%c | -0875 [ -1.890 | -1.180 | -1.615 | -5.2
+26°%c | -0.810 | -1.850 | -1.095 | -1.485 | -5.2
+88°C | -0.700 | -1.830 | -1.025 | -1.440 | -52
- MC1660L Test Limits TEST VOLTAGE APPLIED TO
Unéer ~30°C +26°C +85°C PINS LISTED BELOW: (Vee)
Characteristic Symbol | Test Min Max Min Max Min Max_ | unit | ViHmax| ViLmin [ViHAmin|ViLAmax [ VEE | Gnd
Power Supply Drain Current g 8 - - - 28 - - mAdc - - ~ - 8 1,16
Input Current linH * - - - 350 - - wAdc M - - - 8 1,18
linb N - - 0.5 - - - uAde . - - 8 1,18
NOR Logic 1" Output Voltage | Vop ¢ 3 -1.045 |-0.875 | -0.960 | -0.810 |-0.890 | -0.700 | Vdc = 4 - - 8 1,16
- 5 - -
ARERAR! RN RN
- 7 - -
NOR Logic "'0" Output Voltage | VoL ¢ 3 -1.890 [-1.650 [ -1.850 [ -1.620 [-1.830 | -1575 | vdc 4 - - - 8 1,18
5 - - -
RN IR
7 - - -
OR Logic “1” Output Voltage | Vou ® 2 -1.045 |-0.875 | -0.960 | -0.810 |-0.890 | -0.700 | Vdc 4 - - - 8 1,16
5 - - -
1 IRNNNHE R
7 - - -
OR Logic 0" Output Voltage | VoL ¢ 2 -1.890 [-1.650 | -1.850 | -1.620 (-1.830 [ -1.675 | vdc - 4 - - 8 1,16
- 5 - -
ARERIR B! SRR,
- 7 - -
NOR Logic “1" VoHA®| 3 -1.065 - -0.980 - -0.910 - Vdc - - - 4 [} 1,16
Threshold Voltage l - l - - l - - - ] l
- - - - - - 6
~ - - - - - 7
NOR Logic “0" VoLa¢| 3 - -1.630 - -1.600 - -1.555 | Vdc - - 4 - 8 1,18
Threshold Voltage - - - - - 5 -
- - - - - 6 -
- - - - - 7 -
OR Logic "1 Threshold Voltage | VoHa ® | 2 -1.065 - -0.980 - -0.910 - Vdc - - 4 - 8 118
- - - - - 5 -
ENENENEHN SR
- - - - - 7 -
OR Logic “0” Threshold Voltage[VorLa ¢ | 2 - -1.630 - -1.600 - -1555 [ Vvde - - ~ 4 8 116
- - - - - - s
IE N SN R
- ~ - - — - 7
Switching Times (50 2 Load) Pulse In | Pulse Out| -32V | v20V
Propagation Delay 1443- 3 - 18 - 1.7 - 19 ns 4 3 - 8 1,16
t4-2- 2 - 18 - 1.7 - 19 2 - -
1442+ 2 - 16 15 - 1.7 2 -
14-3+ 3 - 6 - 15 - 1.7 3 -
Rise Time t3+ 3 - 2 - 21 - 23 ns 4 3 - - 8 1,16
12+ 2 - 2.2 - 21 - 2. ns 4 2 - - 8 116
Fall Time 13- 3 22 - 21 - 23 ns 4 3 - - 8 1,16
. 2 22 - 2.1 - 23 ns 4 2 - - 8 1,16
*Individually test each input applying Vi or V _ to the input under test. ¢ NOTES
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The electrical specifications shown above apply to the MC16680
under the following conditions:
1. The package is housed in a suitable heat sink.t

or

2. Air is blown transversely over the package. See general
information section for more details.

TA suitable heat sink is an IERC LIC14A2U or equivalent.



MC1660 (continued)

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C

Vin to Channel “A""

O—

Pulse Generator T

All input and output cables to
the scope are equal lengths of '
50-ohm coaxial cable. |

>
100 3

Vout OR  Vgu¢ NOR

To
Channel
g
Coax Coax Coax
350 350 3 s0
Input < :_"__—_‘I w

, !
3100 3100

Input Pulse t+ = t- =15 +0.2 ns

11}

Unused outputs connected to a 50-ohm resistor to ground

PROPAGATION DELAY

Vi —\\50% ]/_ +1.11V

t-

-

Vout OR

Vour NOR

~
0

90%
50%
10%

t++
+0.31 VvV

f—et— 1~

foet— t+

™

90%
50%
10%

+

-

T+ -
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QUAD 2:INPUT “NOR" GATE

MECL |1l MC1600 series

MC1662

POSITIVE LOGIC

A
8) 4 x
2 (o)
(@) 5E-:>CF
6
7

(10)
3 (7

“n :Dd-_
(14) 10

:D—u @
(15) 11
(16) 12

:Do-—w (3
113

NEGATIVE LOGIC
(8) 42 X

8 2 (8)
9 5
10) 6
¢ ﬂa )
an 7

Four 2-input NOR or NAND gating functions
in a single package. An internal bias reference
voltage insures that the threshold point remains
in the center of the transition region over the
temperature range (-30 to +85°C).

Input pulldown resistors eliminate the need
to tie unused inputs to VEE.

(14) 10
14 (2)
(15) 11

(16) 12
15 (3)
(1) 13

X=A®B

Number at end of terminals denotes pin number of L package (Case 620).
Number in parenthesis denotes pin number for F package (Case 650).

tpd = 0.9 ns typ (510-ohm load)
= 1.1 ns typ (50-ohm load)

Pp = 240 mW typ/pkg (No load)
Full Load Current, || = -25 mAdc max

CIRCUIT SCHEMATIC

(7) 30

(11) (10) (4) (5) (8) (9)
7 6 16 1 4 5
Q Q VeezQ ~chc1 Q Q
g L %
C ] XN 02 (6)
> > > <>
Tson( isou 50 k {5“

)

L—-ms (3)

50 k 50 k
é) ‘LVEE J) J)
10 1 8 12 13
(14) (15) (12) (16) (1

See General Information section for packaging.
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Se-v

ELECTRICAL CHARACTERISTICS

This MECL HI circuit has been designed to
meet the dc specifications shown in the
test table, after thermal equilibrium has
been established. Air flow greater than 500
linear fpm should be maintained while the

circuit is either in a test socket or is F SUFFIX
mounted on a printed circuit board. Test 8 s CERAMIC PACKAGE
procedures are shown for only one input gﬂ CASE 650
and one output. The other inputs and 10
outputs are tested in a similar manner. 1" i>°; 7
Outputs are tested with a 50-ohm resistor 14
to -2.0 Vdc. See general information sec- 15:D~ 2 TEST VOLTAGE VALUES
tion for complete thermal data. 16 ©Test {Volts)
3
1 m Temperature | VIH max ViL min ViHA min ViLA max VEE
-30°c -0.875 -1.890 -1.180 -1.515 -5.2
+25°C [ -0.810 -1.850 -1.085 -1.485 -5.2
+85°C -0.700 -1.830 -1.025 -1.440 -5.2
’ MC1662 imi
Pin F Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW:
Under -30°C +269C +85°C
Characteristic Symbol Test Min Max Min Max Mi M Uni v Vi Vi M v
lin i il
Power Sapply Drain Carremt e Jax nit 1H max IL min IHA min ILA max EE Gnd
12 - - - 56 - - mAdc - - - - 12 45
input Current linH . _ 350 Adc ,
: - - - - u . - - - 12 45
T lin L . - - 05 - - - uAdc - B - - 12 4,5
Dutout Voltage VoH 6 -1.045 | -0875 | -0.960 | -0.810 | -0.890 | -0.700 Vdc - 8 - - 12 45
e 6 -1.045 | -0875 | -0960 | -0.810 | -0.890 | -0.700 Vdc - 9 - - 12 a5
f)mpm Voltage Vou 6 -1.890 | -1660 | -1.850 | -1620 | -1.830 | -1.575 Vdc 8 - - - 12 a5
e 6 -1890 | -1650 | -1850 | -1620 | -1830 | -1.575 Vdc 9 - - B 12 45
ogic VoHa 6 1.065 0.980 0.910
-1 - -0. - -0. - vdc - - - 8 12 45
Lo:‘:rle;\?'d Voltage . 6 -1.065 - -0.980 - -0.910 - vdc - - - 9 12 4.5
i oLA 6 - -1.630 - 1.600 1.555 vd
k -1 - -1 c - - 8 - 12 45
'.rhre‘shold‘ Voltage 6 - -1.630 — ~1.600 — -1.555 Vdc - - 9 - 12 4.5
Switching Times (50 2 Load) Pulse In Pulse Out -3.2v +20V
Propagation Delay t8-6+ 6 - 16 - 15 - 17 ns 8 6 - - 12 45
— 8+6- 6 - 1.8 - 1.7 - 19 ns 8 6 - - 12 45
F":Tv'"" 6+ 6 - 2.2 - 2.1 - 23 ns 8 6 - - 12 45
all Time '6- 6 = 2.2 - 2.1 - 23 ns 8 6 - B 12 45

*Individually test each input applying Vi or V) to input under test.

(panuiiuod) 299 L W
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ELECTRICAL CHARACTERISTICS

This MECL 111 circuit has been designed to
meet the dc specifications shown in the
test table, after thermal equilibrium has
been established. The package should be
housed in a suitable heat sink (IERC-
14A2CB or equivalent) or a transverse air

flow greater than 500 linear fpm should L SUFFIX
be maintained while the circuit is either in CERAMIC PACKAGE
a test socket or is mounted on a printed CASE 620
circuit board. Test procedures are shown 4
for only one input and one output. The 5:D~2
other inputs and outputs are tested in a 6
similar manner. Outputs are tested with a 7:D_3
50-ohm resistor to -2.0 Vdc. See general 10 TEST VOLTAGE VALUES
information section for complete thermal 11 :D"_ 14 (Volts)
data. 12 @ Test . .
ﬂ_«'s Temperature VIH max VIL min VIHA min VILA max VEE
3 -30°C -0.875 -1.890 -1.180 -1.515 -5.2
+25°C -0.810 -1.850 -1.095 -1.485 -5.2
+85°C -0.700 -1.830 -1.025 -1.440 -5.2
Pin MC1662L Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW:
Under -30°C +25°C +85°C
Characteristic Symbol Test Min Max Min Max Min Max Unit ViH max ViL min VIHA min VILA max VEE Gnd
Power Supply Drain Current I3 8 - —- - 56 - - mAdc - - - - 8 1,16
Input Current linH M - - -~ 350 = - uAdc . — — - 8 1,16
lin L . - - 05 - - - uAdc = . - - 8 1,16
Logic “1” VOH 2 -1.045 | -0875 | -0.960 | -0.810 | -0.890 | -0.700 Vdc - 4 - - 8 1,16
Output Voltage 2 -1.045 | -0.875 | -0.960 | -0.810 | -0.890 | -0.700 Vde - 5 - - 8 1.16
Logic "'0" VoL 2 -1.890 | -1650 | -1.850 | -1620 | -1.830 | -1.575 vdc 4 - - - 8 1,16
Output Voltage 2 -1.890 | -1650 | -1.850 | -1620 | -1.830 | -1.575 vdc 5 — - - 8 1,16
Logic “1” VOHA 2 -1.065 - -0.980 - .—0910 - Vde - - - 4 8 1,16
Threshold Voltage 2 -1.065 - -0.980 - —-0.910 - Vde - - - 5 8 1,16
Logic 0" VoLA 2 - -1.630 - -1.600 - -1.655 vdc - - 4 - 8 1,16
Threshold Voltage 2 - -1.630 - -1.600 - -1.556 Vde - - 5 - 8 1,16
Switching Times (50 2 Load) Pulse In Pulse Out -3.2v +2.0V
Propagation Delay 14+2+ 2 - 16 1.0 1.5 - 1.7 ns 4 2 - - 8 1,16
14-2- 2 - 18 1.1 1.7 - 19 ns 4 2 - - 8 1,16
Rise Time t2+ 2 - 22 14 21 - 23 ns 4 2 - - 8 1,16
Fall Time to_ 2 - 2.2 2 - 2.3 ns 4 2 - - 8 1,16

*individually test each input applying V| or V| _ to input under test.
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MC1662 (continued)

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C

Vin Vout

Coaxial Cables
(Equal lengths, typ 2 places)
To Scope

Input

Pulse Generator
100 Vout

Input Pulse t, = t_= 1.5 (+0.2) ns

Unused outputs connected to a 50-ohm resistor to ground.

+1.11 Vv

+0.31V
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QUAD 2-INPUT “OR” GATE

MECL 11 MC1600 series

MC1664

POSITIVE LOGIC

NEGATIVE LOGIC

8 a4 (8) 4:23;
(9 s 9 s
(10) 6 (10) 6

(14) 10 a2
(15) 11 142

“an

(16) 12
(1)

(16) 12
(1) 13

15 (3)

X=A+B X=A®B
Vee1 = Pin 1 (5)
Vg2 = Pin 16 (4)

VEE = Pin 8 (12)

Number in parenthesis denotes pin number for F package (Case 650).

4
a )w::}u( 2)
(15) 11

Number at end of terminals denotes pin number of L package (Case 620).

Four 2-input OR or AND gating functions
in a single package. An internal bias reference
voltage insures that the threshold point remains
in the center of the transition region over the
temperature range -30 to +85°C.

Input pulldown resistors eliminate the need
to tie unused inputs to VEE.

15(3)

tpd = 0.9 ns typ (510-ohm load)
= 1.1 ns typ (50-ohm load)

Pp = 240 mW typ/pkg (No load)
Full Load Current, I = -256 mAdc max

CIRCUIT SCHEMATIC
(11) (10) (4) (5) (8) (9)
7 6 16 a 5
% o Veez TVCCI Q o
%100 I./
o__A’i j AN 02 (6
7 3 s s
> >
i 50k i 50k
o—"‘ 015
(2) 14 (3)

(16)

1)

See General Information section for packaging.
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ELECTRICAL CHARACTERISTICS

This MECL |11 circuit has been designed to
meet the dc specifications shown in the
test table, after thermal equilibrium bhas
been established. Air flow greater than 500
linear fpm should be maintained while the
cireuit is either in a test socket or is
mounted on a printed circuit board. Test
procedures are shown for only one input
and one output. The other inputs and
outputs are tested in a similar manner.
Outputs are tested with a 50-ohm resistor
to -2.0 Vdc. See general information sec-
tion for complete thermal data.

F SUFFIX
CERAMIC PACKAGE
CASE 650

14
15
16
TEST VOLTAGE VALUES
1 (Volts)
@ Test !
Temperature VIH max VIL min VIHA min VILA max VEE
-30°C -0.875 -1.890 -1.180 -1.515 52
+25°C -0.810 -1.850 -1.095 -1.485 -5.2
+85°C | 0,700 -1.830 -1.025 -1.440 5.2
pin MC1664F Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW:
Under -30°C +26°C +85°C vee)
Characteristic Symbol Test Min Max Min Max Min Max Unit VIH max ViL min VIHA min VILA max VEE Gnd
Power Supply Drain Current I3 12 - - - 56 - - mAdc - - - - 12 45
Input Current linH M - - - 350 - - uAdc * - = = 12 45
Tin L . - - 05 - = = uAdc = . ~ 12 45
Logic 1" VoH 6 -1.045 -0.875 -0.960 -0.810 -0.890 -0.700 Vdc 8 - - 12 45
Output Voltage 6 -1.045 | -0.875 -0.960 | -0.810 -0.890 | -0.700 Vdc 9 - - - 12 4.5
Logic “0” VoL 6 -1.890 | -1650 | -1850 | -1620 | -1.830 | -1.575 Vde = 8 - 12 45
Output Voltage 6 -1.890 | -1.650 | -1.850 | -1620 | -1.830 | -1.575 Vdc - 9 - - 12 45
Logic "1 VOHA 6 -1.065 - -0.980 - -0.910 - Vde - - 8 - 12 45
Threshold Voltage 6 -1.065 - -0.980 - -0.910 - Vdc - - 9 - 12 45
Logic 0" VoLA 6 - -1.630 - -1.600 - -1.556 vdc - - - 8 12 45
Threshold Voltage 6 - -1.630 — -1.600 - -1.555 Vde — - - 9 12 45
Switching Times (50 {2 Load) Pulse tn Pulse Out -3.2Vv +20V
Propagation Delay tg+6+ 6 - 16 - 15 - 1.7 ns 8 6 - - 12 45
18-6- 6 - 1.8 - 1.7 - 1.9 ns 8 6 - - 12 4.5
Rise Time 16+ 6 - 22 - 21 - 23 ns 8 6 - - 12 45
Fall Time : 16- 6 - 2.2 - 2.1 - ns 8 6 - - 12 45

*Individually test eagh input applying V| or V| to input under fest.
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ELECTRICAL CHARACTERISTICS

This MECL 111 circuit has been designed to
meet the dc specifications shown in the
test table, after thermal equilibrium has
been established. The package should be
housed in a suitable heat sink (IERC-
14A2CB or equivalent) or a transverse air
flow greater than 500 linear fpm should
be maintained while the circuit is either in
a test socket or is mounted on a printed
circuit board. Test procedures are shown
for only one input and one output. The
other inputs and outputs are tested in a
similar manner. Outputs are tested with a
50-ohm resistor to -2.0 Vdc. See general
information section for complete thermal

L SUFFIX
CERAMIC PACKAGE
CASE 620

data. 11 14
12
15
13 TEST VOLTAGE VALUES
(Volts)
@ Test

Temperature VIH max VIL min VIHA min VILA max VEE

-30°C -0.875 -1.890 -1.180 -1.615 -5.2

+25°C -0.810 -1.850 -1.095 -1.485 5.2

+85°C | 9700 1830 -1.025 1.440 5.2

pin MC1664L Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW:
Under -30°c +28°C +85°C
Characteristic Symbol Test Min Max Min Max Min Max Unit VIH max ViL min VIHA min VILA max VEE Gnd
Power Supply Drain Current Ig 8 — - - 56 - — mAdc — — — — 8 1,16
Input Current linH M - - - 350 - - uAdc . - - - 8 1,16
lin L . . - 05 . = - uAdc = . — - 8 1,16
Logic 1" VoH 2 -1.045 | -0875 | -0960 | -0.810 | -0.890 | -0.700 Vdc 4 - - - 8 1,16
Output Voltage 2 -1.045 | -0875 | -0960 | -0.810 | -0.890 | -0.700 Vde 5 - - - 8 1,16
Logic ‘0" VoL 2 -1890 | -1650 | -1850 | -1.620 | -1.830 | -1.675 Vdc = 4 B - 8 1,16
Output Voltage 2 -1.890 | -1650 | -1850 | -1620 | -1.830 | -1575 vdc - [ - - 8 1,16
Logic 1" VOHA 2 -1.065 - -0.980 - -0.910 - Vdc - . 4 - 8 1,16
Threshold Voltage 2 -1.065 - -0.980 - -0.910 - Vdc — - 5 — 8 1,16
Logic “0" VoLA 2 - -1.630 - -1.600 - -1.555 Vdc - - - 4 8 1,16
Threshold Voltage 2 - -1.630 B -1.600 - -1.556 Vdc . . 5 8 1,16
Switching Times (50 2 Load) Pulse In Pulse Out -3.2v +2.0V

Propagation Delay 1442+ 2 - 16 - 15 - 1.7 ns 4 2 - - 8 1,16
t4-2- 2 - 18 - 1.7 - 1.9 ns 4 2 - - 8 1,16
Rise Time 2+ 2 - 2.2 - 2.1 - 23 ns 4 2 - - 8 1,16
Fall Time o 2 - 2.2 = 2.1 - 23 ns 4 2 - - 8 1,16

*individually test each input applying V{4 or V|_to input under test.
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MC 1664 (continued)

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C

Vin to Channel A"’ Vout to Channel 8"

lnput =00 @ e —— -

Pulse Generator
100 Vout

! All input and output cables to
: ) the scope are equal lengths of
A 50-ohm coaxial cable.

Input Pulse ty, = t_= 1.6 (+0.2) ns

Unused outputs connected to a 50-ohm resistor to ground.

+1.11 VvV

031V
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DUAL CLOCKED R-S FLIP-FLOP

MC1666

MECL 111 MC1600 series

This device consists of two Set-Reset flip-flops in a
single package which require a clock input to enable the
POSITIVE LOGIC set-reset inputs. Internal input pull-down resistors eliminate
the need to return unused inputs to a negative voltage.
(9) 5—"s Qp—2 (6) The device is useful as a high-speed dual storage element.
(11) 7-~C
(8) 4 -=~R ap—3 (7)
(16) 12 s Qm—15 (3)
(14) 9 -mC
(1) 13 =R Qp—14 (2)
tpd = 1.6 ns typ (510-0hm load)
= 1.8 ns typ (50-ohm load)
Pp = 220 mW typ/pkg (No Load)
TRUTH TABLE
S R C Qn+1 Vce1 = Pin 1 (5)
] [ [ Qg Veez = Pin 16 (4)
o o 1 Q, Veg =Pin 8 (12)
1 o 1 1
o 1 1 ]
1 1 1 N.D.
¢ = Don’t Care Numbers at ends of terminals denote pin numbers for L package (Case 620).
N.D. = Not Defined Numbers in parenthesis denote pin numbers for F package (Case 650).
CIRCUIT SCHEMATIC
C Vg2 S @ Q@ R Vger R Q a s
(14) (4) (16) (2) (3) (1) (5) (8) (6) (7) (9) (11)
9 16 12 14 VEE 15 13 1 4 2 VEEe 3 5
o ° ° o o o ° 0
) 4 ‘F—# # A 4
IJ ~N : v k{
50 k
y
50 k 50 k y 50 k 50 k
8
12)
VEeE
Numbers at ends of terminais denote pin numbers for L package (Case 620).
N s in par d pin bers for F package (Case 650).

See General Information section for packaging.
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ELECTRICAL CHARACTERISTICS

This MECL 111 circuit has been designed to
meet the dc specifications shown in the

test table, after thermal equilibrium has F sg':\':KAGE
been established. Air flow greater than 500 g-ufs b6 CERAg'a:SE 650
linear fpm should be maintained while the 11=c
circuit is either in a test socket or is 8 -=ln G 7
mounted on a printed circuit board. Test TEST VOLTAGE VALUES
procedures are shown for only one input 16 =5 (Volts)
and one output. The other inputs and a3 @ Test
outputs are tested in a similar manner. 14-=c Temperature | ViHmax | Vitmin [ViHAmin|ViLamax | VEE
Outputs are tested with a 50-0hm resistor 1R 82 309¢ | 0875 | -1.890 | -1.180 | 1515 | 52
to ‘3'0 Vde. ls“ f::""l :""""“m“ sec- +26°C | -0.810 | -1.850 | -1.095 | -1.485 | -5.2
tion for complete thermal data. +85%c | 0700 | 1830 | 1ozs | 1as0 | 52
Pin MC1666F Test Limits TEST VOLTAGE APPLIED TO
Under 730°C +255C ey PINS LISTED BELOW: vee!
Characteristic Symbol | Test Min Max Min Max Min Max Unit | ViHmax| ViLmin |[VIHAmin| ViLAmax | VEE Gnd
Power Supply Orain Current I30) 12 - 55 - mAdc 11,14 - - 12 | 45
Input Current LinH 1 - - - 0.370 - mAdc 1,14 - 12 45
16 - - 0.370 - - mAde | 14,16 12 45
14 - - 0.225 - mAdc 14 - - - 12 45
Ll 16 - 05 - - uAdc 16 12 45
1,14 - - 0.5 - - uAdc 1,14 12 45
Q" Logic "1 Output Voltage VOH 3 8 -1.045 | -0.875 | -0.960 | -0.810 | -0890 | -0.700 Vdc - 1 12 45
3 -1.045 | -0.875 | -0.960 | -0.810 [ -0.890 | -0.700 | Vdc 14 - 12 45
“Q" Logic "0 Output Voltage VoL 3 g -1.890 | -1.650 | -1850 [ -1620 [ -1830 | -1575 | Vdc - 16 . - 12 45
3 -1890 | -1.650 | -1.850 | -1620 | -1830 | -1575 | vdc 14 - 12 45
“Q" Logic 1" Output Voltage VoH 2 -1.045 | -0.875 | -0.960 | -0.810 [ -0.890 | -0.700 | Vdc - 16 12 45
2(® | -1.045 | -0875 | -0960 | -0810 | -0.890 [ -0.700 | Vdc 14 - 12 45
“Q" Logic “0"" Output Voltage VoL 2 -1.890 | -1.650 | -1.850 | -1.620 | -1.830 | -1.575 | vdc - 1 - 12 45
2 -1.890 | -1650 [ -1850 | -1620 [ -1.830 | -1675 | Vdc 14 - - - 12 45
“Q" Logic 1" Output VOHA 3 -1.065 -0.980 - -0910 Vdc - 16 1 12 45
Threshold Voltage 3 -1.065 - -0.980 - -0.910 Vde 1 14 - 12 45
Q" Logic “0" Output VoLa 3® -1.630 -1600 - -1.855 | Vdc 1 16 12 45
Threshold Voltage
“@" Logic “1"* Output VOHA 2® | -1.065 - -0.980 - -0.910 Vdc - - 1 16 12 45
Threshold Voltage
8" Logic 0" Output VoLa 2® -1.630 -1 600 -1565 [ Vdc - 16 1 12 4.5
Threshold Voltage 2Q -1.630 -1600 -1.555 Vdc - 14 14 - 12 4,5
Switching Times (50 §2 Load) Pulse In |Pulse Out| -32V | +20V
Clock Input 1443+ 3 10 27 1.0 25 11 2.8 ns 14 3 - 12 45
t14+3- 3 3 -
t14+2- 2 2
11442+ 2 2 - -
Set Input 116+3+ 3 10 25 10 23 11 2.7 ns 16 3 - - 12 45
t6+2- 2 ns 16 2 12 45
Reset Input 142+ 3 ns 1 2 - 12 45
1143- 2 ns 1 3 - 12 45
Rise Time tr 23 08 238 08 25 09 29 ns 14 2,3 - 12 4,5
Fall Time t- 2.3 05 24 05 22 05 26 ns 14 23 - - 12 45

O Notes appear on page following Electrical Characteristics tables
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ELECTRICAL CHARACTERISTICS

This MECL 111 circuit has been designed to
meet the dc specifications shown in the
test table, after thermal equilibrium has
been established. The package should be
housed in a suitable heat sink (IERC-

14A2CB or equivalent) or a transverse air sl a2 L SUFFIX
flow greater than 500 linear fpm should ;e CERAMIC PACKAGE
be maintained while the circuit is either in «ln ks CASE 620
a test socket or is mounted on a printed
circuit board. Test procedures are shown TEST VOLTAGE VALUES
for only one input and one output. The 12-Ms Q1S (Volts)
other inputs and outputs are tested in a 9 ™e @ Test
similar manner. Outputs are tested with a 13-R__ap~—1s Temperature | ViHmax| Vitmin [ViHAmin|ViLAmax | VEE
50-ohm resistor to -2.0 Vdc. See general _30°%c | 0875 | -1890] -1.180 | -1.515 | -52
information section for complete thermal +259C 70810 | -1.850 | -1.095 | -1.485 52
data. +85°C | -0.700 [ -1.830 [ -1.025 | -1.440 | -5.2
pi MC1666L Test Limits TEST VOLTAGE APPLIED TO
Un‘;‘" 309 +259C pre PINS LISTED BELOW: vee)
Characteristic Symbol | Test Min Max Min Max Min Max Unit | ViHmax| ViLmin [ViHAmin| ViLAmax | VEE Gnd
Power Supply Drain Current I3 @ 8 - - - 55 - - mAdc 7.9 - - - 8 1,16
Input Current haH 12 - - - 0.370 ~ - mAdc 9,12 - - - 8 1,16
13 - - - 0.370 - - mAdc 913 - - - 8 1,16
9 - - - 0.225 - - mAdc 9 - - - 8 1,16
linL 12 - - 0.500 - - - uAdc - 12 - - 8 1,16
9,13 - - 0.500 - — - uAdc - 9,13 - — 8 1,16
“Q" Logic ""1”" Output Voltage VOH 15 -1.045 | -0.875 | -0.960 | -0.810 | -0.890 | -0.700 Vdc - 13 - - 8 1.16
15 -1.045 | -0.875 | -0.960 | -0.810 | -0.890 | -0.700 | Vdc 9 - - - 8 1,16
“Q" Logic 0" Output Voltage VoL 15 -1890 { -1.650 | -1.850 | -1620 | -1.830 | -1675 Vdc - 12 - - 8 1,16
16 -1.890 | -1.650 [ -1.850 | -1.620 | -1.830 | -1.575 Vdc 9 - - - 8 1,16
~@" Logic 1" Qutput Voltage VOH 14 @ | -1.045 | -0.875 | -0.960 | -0.810 | -0.890 | -0.700 Vdc - 12 - - 8 1,16
14 (&) | -1.045 | -0.875 | -0.960 | -0.810 | -0.890 | -0.700 Vdc 9 - - - 8 1,16
“Q@" Logic 0" Output Voltage Vo 14 -1.890 | -1.650 | -1.850 | -1.620 | -1.830 | -1.575 | Vdc - 13 - - 8 1,16
14 -1.890 | -1.650 | -1.850 | -1.620 | -1.830 | -1.575 Vdc 9 - - -~ 8 1,16
“Q'"* Logic 1" Output VOHA | 15 -1.065 - -0.980 - -0.910 - Vde - - 12 13 8 1,16
Threshold Voltage 15 -1.065 - -0.980 - -0910 - Vde - 13 9 - 8 1,16
“Q" Logic 0" Output VoLa | 15® - -1.630 - -1.600 - -1.555 | Vdc - - 13 12 8 1,16
Threshold Voltage
“@" Logic *'1" Output VOHA | 14 ® | -1.065 - -0.980 - -0.910 - Vde - - 13 12 8 1,16
Threshold Voltage
~@" Logic "0 Output VoLa | 14 - -1.630 - -1.600 - -1.555 | Vdc - - 12 13 8 1,6
Threshold Voltage 14 - -1.630 - -1.600 - -1.555 Vde - 13 9 - 8 1,16
Switching Times (50 §2 Load) Pulse In | Pulse Out -32V | 20V
Clock Input 19+15+ 15 1.0 2.7 1.0 25 1.1 28 ns 9 15 - - 8 1,16
19+15- 15 15 - -
19+14- 14 14 - -
t9+14+ 4 14 - -
Set Input 112415+ 15 1.0 25 1.0 2.3 1.1 2.7 ns 12 15 - - 8 1,16
112414 14 ns 12 14 - - 8 1,16
Reset input t13+14- 14 ns 13 14 - - 8 1.16
113415+ 15 ns 13 15 - - 8 1.16
Rise Time [ 14,15 0.8 238 08 25 0.9 29 ns 9 14,15 - - 8 1,16
Fall Time t- 14,15 05 24 05 22 05 26 ns 9 14,15 - - 8 1,16

QO Notes appear on page following Electrical Characteristics tables.
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MC 1666 (continued)

ViL

NOTES

H
Vin1 I
=L

Vin2

Qe ©®© ® ©® 0 0

| g is measured with no output pull-down resistors.

Apply Sequentially:

Apply Sequentially:

Apply Sequentially:

Apply Sequentially:

Vin1 10 C (Vyy to V)
Vinz to S (V y to V)

Vin1 1o R (Vyq to V)
Vin2to S (V| to V)

Vin1 0 C(Vjy to Vi)
Vin2 to R (V y to V)

Vin1 to S (Vg to V)
Vin2 to R (V y to V)

Apply Vingto C(V y to Vi)

ApPPly Ving 10 S (Vi to V)
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MC 1666 (continued)

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C

CLOCK TO Q/@
(Switch S1 in opposite position)

o

+1.11 Vv
+0.31 Vv
+1.11V
+0.31 Vv

in Vout
To Channel “A To Chanrel “'B”
All input and output cables to
the scope are equal lengths of Coax 100 < Coax Coax
50-ohm coaxial cable.
Vv e 5
50 503 <50
| 9
c1 : c2
+2.0 Vdc a1, a2|—
|
172 | 1/2
I —
a1l Q2
s1 R1 | s2 R2 L
I 38 38
Input pulses s1 - -
by 2 puise )
generators r——T--- R, i
| o— —0 50 -
Plo—o AA— 05
Coax Vin
I o— —o 50 To Channel A"
P20—o-l__ o VA—
e 2 Coax
1003 3100
50
I~ -°
= 120 nsj— =
MC1670 ]
P1 /N
@ P2 an Vo
—.lzo nsh—
S A 50% 50%
R
SET/RESET TO Q/Q -
(Switch S1 in position shown)
Q

tc+a- - c+a+
60% 50%
50% 50%

tc+Q+ — c+3-
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DUAL CLOCKED LATCH

MECL 111 MC1600 series

MC1668

9) Sﬁ

This device is a Dual Clocked Latch/R-S Flip-Flop.

POSITIVE LOGIC Whenever the Clock is low, the R-S inputs control the

output state. Whenever the Clock is high, the output fol-
lows the data (D) input.

S
(10) 6 —™p qM——2 (6) TRUTH TABLE
S R D C Qn+1
(11) 7—MC a3 (7) (] [¢] -4 o Q,
R 1 o ¢ o 1
! 1] 1 ¢ o ]
(8) 4 1 1 3 o .
¢ [ o 1 [}
(16) 12 —b o @ 1 1 1
s **Qutput state not defined ¢ = Don’t Care
(15) 11—MpD Q 15 (3)
(14) 9—-‘c amm——14(2) i
R Veel = Pin 1(5)
Vcez = Pin 16 (4)
(1,,34 VEE = Pin 8 (12)
tpg = 1.6 ns typ (510-ohm load)
= 1.8 ns typ (50-ohm load)
Numbers at ends of terminals denote pin numbers for L package (Case 620). Pp = 220 mW typ/pkg (No load)
Numbers in parenthesis denote pin numbers for F package (Case 650).
CIRCUIT SCHEMATIC
C Vgc2 b 0 Q Veer Q @ o c
9 16 11 14 VeE 15 1 2 Vee 3 6 7
(14)  (4) (15) (2) 8(12) 3) (8) (6) 8 (12) (7) (10) (11)
Q ° ) T ? ° ° )
— —e T

LIS

AT
B %WQH ﬂ

P

50 50 k

; :

!

(16)
12
s

Numbers at ends of terminals denote pin numbers for L package (Case 620).
Numbers in p. hesis d pin numbers for F package (Case 650).

) 4
50 k 4 50 k 50 k 5':)
o
) (12) 8) (9)
13 8 4 5
R VEee R S

See General Information section for packaging.
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ELECTRICAL CHARACTERISTICS

This MECL 111 circuit has been designed to 9 16
meet the dc specifications shown in the b b
test table, after thermal equilibrium has 10 = o S am—s 15 — =D S ap—3 F SUFFIX
been established. Air flow greater than CERAMIC PACKAGE
500 linear fpm should be maintained whi{e 1 ~c am—7 14—mc am—2 CASE 650
the circuit is either in a test socket or is R R
mounted on a printed circuit board. Test ! 5
] 8 1
procedures are shown for selected inputs
and selected outputs. The other inputs
and outputs are tested in a similar manner. TEST VOLTAGE VALUES
Outputs are tested with a 560-ohm resistor @Test (Volts)
to -2.0 Vdc. See general information T VIH max]VIL min | VIHA min | ViLA max | VEE
section for complete thermal data. 30°c| -0.875 | -1.890 21.180 21515 52
+25°c| -0.810 [ -1.850 -1.095 -1.485 -5.2
+85°C| -0.700 | -1.830 -1.025 -1.440 -5.2
Pin 30C Mcw“f;:“ Limit 3 TEST VOLTAGE APPLIED TO PINS LISTED BELOW:
Under - 59¢ +85°C (vee)
Characteristic Symbol Test Min Max Min Max Min Max Unit | ViH max]Vit min | VIHA min | VILA max | VEE Gnd
Power Supply Drain Current g 12 ( - - - 55 - - mAdc | 11,14 - - - 12 45
Input Current linH [1.15,16 - - - 0.370 - - mAdc | 1,15.16 - - - 12 45
13 - - 0.225 - - mAdc 14 - - - 12 45
linL | 1.15.16Q - - 0.500 - - - uAdc - 115,16 - - 12 45
13 - - 0.500 - - - uAdc - 14 - - 12 45
“Q" Logic "1" VOH 3Q -1.045 | -0.875 | -0960 | -1.810 | -0.890 | -0.700 | Vdc - 1 - - 12 45
Output Voltage 3@ -1.045 | -0.875 | -0.960 | -1.810 | -0.890 | -0.700 | Vdc 14 - - - 12 45
“Q" Logic "0 VoL 3@ -1.890 | -1.650 | -1.850 | -1.620 | -1.830 | -1.575 | vdc - 16 - - 12 a5
Output Logic 3@ -1.890 | -1.650 | -1.850 | -1.620 | -1.830 | -1575 | vdc 14 - - - 12 4.5
“Q" Logic 1" VOH 2@ -1.045 | -0875 | -0.960 | -0.810 [ -0.890 | -0.700 | Vdc - 16 - - 12 45
Output Voitage 2@ -1.045 | -0.875 | -0.960 | -0.810 | -0.890 | -0.700 | vdc 14 - - - 12 45
“Q" Logic "0" VoL 2Q -1.890 [ -1.650 | -1.850 | -1.620 | -1.830 | -1.575 | vdc - 1 - - 12 45
Output Voltage 2(@) -1.890 | -1.650 | -1.850 | -1.620 | -1.830 | -1.575 | vdc 14 - - - 12 45
“Q" Logic 1" Output VOHA 3 -1.065 - -0.980 - -0.910 - Vde - - 16 1 12 45
Threshold Voltage 3Q - - _ _ _ 15 _ ‘ *
3@ - = - 15 - 14 -
Q" Logic 0" Output VoLA 3 - -1.630 - -1.600 - -1565 | vdc - - 1 16 12 45
Threshold Voltage 3® - + - + * - - - 15
30 - - - - 15 14 -
“Q" Logic 1" Output VOHA 2 -1.065 - -0.980 - -0.910 - Vde - - 1 16 12 45
Threshold Voltage 2® - - - - - - 15 *
20Q - - - - 15 14 -
“Q" Logic “0" Output VoLA 2 - -1.630 - -1.600 - -1555 | vdc - - 16 1 12 45
Threshold Voltage 2@ - - - ‘ * - - 15 - ‘ ‘
2 - - - - - 14 -
Switching Times (50 §2 Load) Pulse In | Pulse Out -32V [+20V
Clock Input 1343+ 3 10 2.7 10 25 1.1 28 ns 14 3 - - 12 45
I AR I R R AN
13+2- 2 2 - -
13+2+ 2 2 - -
Rise Time t 23 0.8 28 0.9 25 0.9 2.9 ns 14 23 = - 12 45
Fall Time t- 2.3 05 24 0.5 2.2 05 26 ns 14 2.3 - - 12 45
Set Input 16+3+ 3 1.0 25 11 23 11 2.7 ns 16 3 = = 12 45
16+2- 2 10 25 1.1 23 1.1 2.7 ns 16 2 - - 12 45
Reset Input 42+ 2 10 25 11 23 K] 2.7 ns 1 2 = = 12 a5
3o 3 10 25 11 23 1.1 27 ns 1 3 - - 12 45

ONotes appear on page f ing Electrical C istics tables.
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ELECTRICAL CHARACTERISTICS

5 _—I 12 *I
This MECL 111 circuit has been designed to

meet the dc specifications shown in the 6—=lp S o 2 11—mp S g 15
test table, after thermal equilibrium has
been established. The package should be — amd— a
housed in a suitable heat sinl?a(IERC-LlC- ’ a° 3 ° ¢ R g L SUFFIX
214A2WCB or equivalent) or a transverse !
-air flow greater than 500 linear fpm should 4 13 —1 CERAMIC PACKAGE
be maintained while the circuit is either in a CASE 620
test socket or is mounted on a printed
circuit board. Test procedures are shown
for selected inputs and selected outputs. TEST VOLTAGE VALUES
Th? qther inputs and outputs are tested in @Test (Volts)
a similar manner. Outputs are tested with Temperature [ Vil max]ViL min | VIHA min | ViLA max | VEE
8 50-ohm resistor to -2.0 Vdc. See general 30° [ 0875 | -1890 | -1.180 1515 5.2
information section for complete thermal +25°c| -0.810 | -1.850 -1.095 -1.485 -5.2
data. +85°c[ -0.700 | -1.830 [ -1.025 -1.440 5.2
Pin MC1668L Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW:
Under -30°C +25°C +85°C vee!
Characteristic Symbol Test Min Max Min Max Min Max Unit | ViH max|VIL min | VIHA min | VILA max | VEE Gnd
Power Supply Drain Current | Ig (Hi-2) 1 8 — - = 55 - — mAdc 7.9 — ~ ~ 8 1,16
Input Current linH  [11.1213Q - - - 0370 - - mAde (11,1213 - - - 8 116
9 - - - 0.225 - - mAdc 9 - - - 8 1,16
inL  M1213Q - - 0.500 - - - uAde - [11213 - - 8 1,16
9 - - 0.500 — - - uAdc - 9 - - 8 1,16
“Q"" Logic 1" VoH 15Q -1.045 | -0.875 | -0.960 | -1.810 [ -0.890 | -0.700 | vdc - 13 - - 8 1,16
Output Voltage 15 @ -1.045 | -0875 | -0.960 | -1.810 | -0.890 | -0.700 [ Vdc 9 - - - 8 1.16
“Q" Logic "0" VoL 150® -1890 | -1650 | -1.850 | -1620 | -1830 | -1575 | vdc - 12 - - 8 116
Output Logic 15 -1.890 | -1.650 | -1.850 | -1.620 | -1.830 | -1575 | Vdc 9 - - - 8 1,16
“@" Logic “1” VoH 1HE -1.045 | -0875 | -0.960 | -0.810 | -0.890 | -0.700 | Vdc - 12 - - 8 1,16
Output Voltage 14® -1.045 | -0.875 | -0.960 | -0.810 | -0.890 | -0.700 | Vdc 9 - - - 8 1.16
“Q" Logic "0 VoL 18R -1.890 | -1.650 | -1.850 | -1.620 | -1.830 | -1.575 | Vdc - 13 - - 8 1,16
Output Voltage 14@ | -1.890 | -1.650 | -1.850 | -1.620 [ -1.830 | -1.575 | vdc 9 - - - 8 1,16
Q" Logic 1" Output Voua | 15 -1.065 - -0.980 - -0910 — Vde - - 12 13 8 116
Threshold Voltage 15Q - - - - - 1 - ‘
15 ® - - 1" 9 -
“Q" Logic “0" Output vVoLa 15 - -1.630 - -1.600 - -1555 | vdc - - 13 12 8 1,16
Threshold Voltage 15® - - - - - - 1 ‘
15 Q) - - - 1" -
“Q" Logic “1" Output VoLa 14 -1.065 — | -0980 - -0.910 - Vdc - - 13 12 8 1,16
Threshold Voltage 14® ‘ - - - - - 1 *
140 - - - - " 9 -
Q" Logic 0" Output voLa 14 - -1.630 - -1.600 - | -1855 [ vac - - 12 13 8 116
Threshold Voltage 1“Q - + - - - 1" _ ‘
1406 - - - -~ - 9 -
Switching Times (50 £ Load) Pulse In | Pulse Out -32V_ [+20V
Clock Input 9415+ 15 1.0 2.7 10 25 11 28 ns 9 15 - - 8 1,16
BELE LN b v s T
19+14- 14 14 - -
19+14+ 14 14 - -
Rise Time t+ 14,15 0.8 2.8 09 2.5 0.9 29 ns 9 14.15 - - 8 116
Fall Time - 14,15 0.5 24 0.5 2.2 0.5 26 ns 9 14,15 - - 8 1,16
Set Input 12415+ 15 1.0 25 11 23 11 27 ns 12 15 - - 8 1,16
12414~ 14 1.0 25 1.1 23 11 2.7 ns 12 14 - - 8 1,16
Reset |nput 113+14+ 14 1.0 25 11 23 1.1 27 ns 13 14 - - 8 1,16
13416~ 15 10 25 1.1 2.3 11 2.7 ns 13 15 — - 8 1,16

ONotas appesr on page ing Electrical Cl istics tables.
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MC1668 (continued)

NOTES

@ Ig is measured with no output pulldown resistors. @ Apply Vin1 t0 S (Vyy to V).

@ Test voltage applied to pin under test. @ Apply Sequentially: Vinq to R (V| to V)
Vin2 10 C (Vy, Vi)

—VinH v Vin3 to D (Vi to V)
in1
ViL L

] l——zs e ® Apply Viq1 to R (Vi to V)

v rH Apply Sequentially: Vinq to S (V) to V)
in2 I l Vin2 to C (V. Vi)

—‘|25 ns

@

Apply Sequentially: Vinqto R (Vi to V)
FH Vin2 t0 C (Vy, Vi)
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MC 1668 (continued)

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS @ 25°C

Vin
To Channel A"’

Vout
To Channel 8"

All input and output cables to Coax Coax
C <
oax the scope are equal lengths of 1003
50-ohm coaxial cable. Vce = +2.0 vde
Vgg = -3.2 Vdc
| 503 350
c1 c2
>
250 Qi a2 b—i
1/2 1/2
—-o Q1 Ho Q2
S1 R1 S2 R2 L L
T 1 >8 38
- e

s1 J
c aQ

MC1670

e N

Loy
1002 3100

Input pulses P1 o_kh_ 50
by 2 puise ' w— o5 v.
nerators o0— Coax in
9° P2o—o\h.; ‘5‘°v=ﬂ___)—OR To Channel A"
2%

+0.31 V

+1.11V

S A 50%

SET/RESET TO Q/Q
(Switch S1 in position shown)

o

+0.31V

c ¥ s0% 50%
° ___/ \_
CLOCK TO a/a - ]
(Switch $1 in opposite position) tc+Q- tc+a+
a 50% 50%
a 50% 50%
—= tc+Q+ — tc+Q-




MC1670

The MC1670 is a Type D Master-Slave Flip-Flop
designed for use in high speed digital applications.
Master slave construction renders the MC1670 rela-
tively insensitive to the shape of the clock waveform,
since only the voltage levels at the clock inputs control
the transfer of information from data input (D) to output.

When both clock inputs (C1 and C2) are in the low
state, the data input affects only the ‘‘Master’’ portion of
the flip-flop. The data present in the “Master” is trans-
ferred to the “‘Slave’’ when clock inputs (C1 “OR’' C2) are

taken from a low to a high level. In other words, the out-
put state of the flip-flop changes on the positive transition
of the clock pulse.

While either C1 “OR" C2 is in the high state, the
“Master’ (and data input) is disabled.

Asynchronous Set (S) and Reset (R) override Clock (C)
and Data (D) inputs.

Input pulldown resistors eliminate the need to tie unused
inputs to VEE.

POSITIVE LOGIC

(9) 5 S—L
1) 701:D
(14) 9 c2

(15) 11 D———

(8) 4 R—J

——a 2 (6)

33 (7

Vge1=Pin 1 (s)
Vccz = Pin 16 (4)
Vge =Pin 8(12)

Power Dissipation = 220 mW typical (No Load)
ftog = 350 MHz typ

Number at end of terminal denotes pin number for L package (Case 620).
Number in parenthesis denotes pin number for F package (Case 650).

TIMING DIAGRAM

NEGATIVE LOGIC

(9) s §—]7
(1) 781

=~ 2 (6
(1) sczzaj_) az®

L_a 37

(15) 11 D——

(8) 4 54—5

TRUTH TABLE
S

Qn+1

[

4

4

¢ |N.D.
L | an
Vol BN
H | ap
L | a,
7/
H

rrrrr-cIIC|®
rrrrrrrr-Ic-I
IIIXIrrre99e0

L
¢ = Don‘t Cere
ND = Not Defined
C=C1+C2

Qn

See General Information section for packaging.



MC1670 (continued)

ELECTRICAL CHARACTERISTICS

This MECL {11 circuit has been designed to
meet the dc specifications shown in the
test table, after thermal equilibrium has

ey

been established. Air flow greater than 500 11 C1 as
linear fpm should be maintained while the 13C2
circuit is either in a test socket or is
mounted on a printed circuit board. Test
procedures are shown for only one input F SUFFIX
. i I =
and one output Trfe oth'or. inputs and 15 D >~ 57 CERAMIC PACKAGE
outputs are tested in a similar manner. CASE 650
Outputs are tested with a 50-ohm resistor ﬂ
to -2.0 Vdc. See general information sec- 8 R TEST VOLTAGE VALUES
tion for complete thermal data. (Vohts)
@ Test
Temperature | ViH max [ VIL min | VIHA min | VILA max | VEE
-309c| -0875 | -1890 | -1.180 1515 5.2
+25°c| -0.810 | -1.850 | -1.005 1485 |62
+85°C| -0.700 | -1.830 -1.025 -1.440 -5.2
Pin MC1670F Test Limits TEST VOLTAGE APPLIED TO PINS
i — :
Undor -30°C +25°C +85°C LISTED BELOW: wee)
Characteristic Symbol | Test [ Min Max Min Max Min Max Unit | Vi max | ViL min | ViHA min | ViLAmex | VEE | P1 | P2 | P3 | Gnd
Power Supply Drain Ig 12 - — - 48 — mAdc - — - 12 - - - 45
Input Current lin H 8 - - - 550 - - uAdc 8 12 |- - 45
9 - - - 550 - 9 - - -
14 - - - 250 - 14 - -
n - - 250 - " - -
15 = - 270 15 = - -
linL 8 - - 0.5 - - - uAdc 14 8 - 12 | - - - [ a5
9 - E - - 14 9 - -1 --
14 - - - " 14 - - =
n - - - - 14 n = - -
15 - - - - - 14 15 - - - - -
Logic 1" Vou 6 -1.045 [ -0.875 |-0.960 |-0.810 | -0.890 | -0.700 Vdc - 8.11.15 - - 12 14 9 = 45
Output Voitage 7 15 9.14 - " 8 -
6 ] 1 15 9.1 - 8 14
7 8.14.15 - 9 "
Logic 0" VoL | © |-1890 |-1650 |-1.850 |-1620 | -1.830 | -1575 | Vdc 15 9.1 - - 12 |14 | 8 | - | 45
Output Voltage 7 8,14,15 - - 1" 9
6 l - 811,15 - - 9 | 14| - 1
7 15 9,14 . - 8 1 -
Logic "1 VoHa | 6 | -1.065 0980 | - |-0810 | - Vdc R EXTRTS - - 2 |14 | - | 9| 45
Threshold Voltage 7 . . = 15 9,14 - = " = 8
6 - - - 15 9,1 - - 8 14
7 - - - - 8.1415 - - 9 g 1
6 - - - - 9n 15 - 8 14
7 - - - 8,14 15 9 1 -
Logic “0" VoLa 6 - -1.630 - -1.600 -1.655 Vdc 15 9n - - 12 14 - 8 45
Threshold Voltage 7 . - - 8.14.15 1 - 9
6 - - - 811,15 - 9 14
7 - - 15 9.14 - - 8 n
6 - - - - 8.1 15 9 14 -
7 - - - 9.14 15 - 8 n -
+2.0
Switching Parameters Min Max Min Max Min Max Vde
Clock to Output Delay Y146+ | 146 1.0 27 11 25 1.1 29 ns - - - - 5
(See Figure 1) -6 [ 146 - - - -
t1e7- 147 - |-
M1-7+ | 147 - - - - - -
Set to Output Delay t9+6+ | 9.6 - - - -
(See Figure 2) 19+6- | 9,7 - - - -1 -
Reset to Output Delay tg+6- | 8.6 - - -
(See Figure 2) ge7+ | 87 - - - - |-
Output
Rise Time tg+7+ |67 | 09 27 10 25 10 29 - - - - - -
Fall Time t6-7- [67 | 05 21 06 19 06 23 - - - -l -1-
(See Figure 2)
Set Up Time tgrgr | 6 - - - 04 - - - 6 - - N R
(See Figure 3) 0 | 6 - - - 05 - - - 6 - - -
Hold Time | 6 - - - 03 - - 6 - - -
(See Figure 3) tho-| 6 - - - 05 - - - 6 - - -1 -
Toggle Frequency fTog | 6 | 270 - 300 - 270 - MHz - - - - - -] -
(See Figure 4)
Vit min Pl
Vin
Vie .
ViHa
ViL, i
250 P Tee
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MC1670 (continued)

ELECTRICAL CHARACTERISTICS

This MECL 111 circuit has been designed to s s

meet the dc specifications shown in the 2
test table, after thermal equilibrium has N
been established. The package should be 7¢C1
. . . a2
housed in a suitable heat sink (IERC- 9c2
14A2CB or equivalent) or a transverse air
flow greater then 500 linear fpm should
be maintained while the circuit is either in L SUFFIX
a test socket or is mounted on a printed 1 0 - ~ 53 CERAMIC PACKAGE
circuit board. Test procedures are shown CASE 620
for only one input and one output. The
other inputs and outputs are tested in a
h' puts pu . 4R TEST VOLTAGE VALUES
similar manner. Outputs are tested with a ot
50-ohm resistor to -2.0 Vdc. See general
N ‘ N @ Test
information section for complete thermal Tomporsture | Vikt max | ViL min | Vittamin | ViLA mex | VEE
data. -30°c| -0875 | -1.890 | -1.180 1515 5.2
+26°c| -0.810 | -1.850 -1.095 -1.485 -5.2
+85°C| -0.700 | -1.830 | -1.025 -1440 |52
N MC1670L Test Limits TEST VOLTAGE APPLIED TO PINS
e ~30°C +25°C +85°C LISTED BELOW: wee)
Characteristic Symbol | Test Min Max Min Max Min Max Unit | Vii mex | ViL min | VIHA min | VILA max | VEE | P1 P2 P3 | Gnd
Power Supply Drain e 8 - - 48 - - mAdc 1.9 - - - 8 - i R
Input Current on | 4 - 550 E B whAdc 3 8 | - — 1.6
5 - 550 - s - - -
9 250 9
7 - 250 7 -
" . 270 11 - - -
hat 4 0s uAdc 9 4 8 - [1.16
s 9 5
9 - 7 9 -
7 9 7 -
1 - - . 1 -
Logic 1" VoW | 2 | -1.045 |-0.875 |-0.960 |-0.810 | -0.890 | -0.700 | vdc - a7 8 9| 5 116
Output Voltage 3 11 59 7] a
2 l l l 1 1 1" 5.7 4 9
3 49,11 - - 5 7 =
Logic "0 Vou 2 -1890 |[-1650 (-1850 |-1620 | -1.830 [ -1.575 Vde n 57 8 9 4 116
Output Voltage 3 49,11 - 7| s
2 l l 4711 5| 9
3 1" 5.9 N 4 7 -
Togic "1~ VoHa | 2 | -1.065 0980 20910 Vac - a7 8 |9 |- |5 |16
Threshold Voltage 3 11 59 7 4
2 1" 5,7 a4 9
3 49,11 5 7
2 B 5.7 n = 4 9
3 - - - 49 11 5 7
Logic "0 VoLa 2 -1.630 -1.600 -1.555 Vde n 5.7 - 8 9 4 1,16
Threshold Voltage 3 4911 7 5
2 = 47,11 5 9
3 " 5,9 4 7
; R a7 ] 51 9
3 59 " - a | 7| -
+20
Switcning Parameters Min Max Min Max Min Max Vdc
Clock to Output Delay 7424 92 10 27 m 25 11 29 ns - - 1,16
(See Figure 1) t7.2- | 92
1743- 9.3 = -
17-3+ 93 - -
Set to Output Detay 1542+ | 52 - - - -
(See Figure 2) t5+3. | 53 - - -
Reset to Output Delay tas2- | 42 - - - -
(See Figure 2) tas3+ | 43 - - - - -
Output
Rise Time 12403+ | 2.3 09 27 1.0 25 1.0 29 - - - -
Fall Time t.t3-| 23 | 08 21 06 19 06 23 - - - - -
(See Figure 2)
Set Up Time 04 - 6 - - - -
(See Figure 3) 05 - 6 - - - B
Hold Time 03 - - 6 - - - -
(See Figure 3) 0s 6 - -] -
Toggle Frequency’ 300 - 270 - MHz - - - |- - -
(See Figure 4)
|
25m e b Ten
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MC1670 (continued)

FIGURE 1 —PROPAGATION DELAY TEST CIRCUIT

+2.0 vdc

Coax Coax

I 0.1 uF

-3.2 Vdc
TP;n Clock 7—5\_/@—\_/—\_/_—\_
TP;, Data
CLOCK DELAY WAVEFORMS
@ 25°C TPout Q
TPout a

Coax Coax
503 > 50 I 0.1 uF 350 250
Vecec1 Veez TPout All input and output cables to
TP; S the scope are equal lengths of
Clock c’1n o ~ A Q 50-ohm coaxial cable.
Input Pulse o
Generator TPin o =~ c1
TP,
D out
Data
Input Putse \& —0 o—mcC2 a
Generator | o vee |
< °
1003 2100 n 1003 100

+H.1v

+0.31V

FIGURE 2 — SET-RESET DELAY WAVEFORMS @ 25°C

— #1111V
TPi, Set zso% \ / \
—7 +0.31V
+1.11V
TPin Reset 7‘50% \ / \
E— +0.31V

—{t+ —_— -

TPout  Q 50%

TPout 4 50%
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MC1670 (continued)

FIGURE 3 —SET UP AND HOLD TIME TEST CIRCUIT

+2.0 Vdc

Coax Coax 0.1 uF Coax
605 S50 - 50
1 7
TPin2
TPout
Input Pulse ciVee1 Veez
Generators a
@ D All input and output cables to
the scope are equal lengths of
TPin1 =2 50-ohm coaxial cable.
Open ( —{ R Q
> > _.‘
1003 3100 S vee 100

I 0.1 uf

-3.2 Vdc

SET UP TIME WAVEFORMS @ 25°C

+1.11V
TPin1 Data \
+0.31 Vv

+1.11V

tg 0"

TPin2 Clock

TPout Q Output __/__-\—/—\—

+0.31 VvV

HOLD TIME WAVEFORMS @ 25°C
+1.11V

TPin1 Data /
+0.31V

+.1v

[ o

TPin2 Clock

Taroown /N N\

Set up time is the minimum time before the positive transition of the clock pulse (C) that information must
be present at the data (D) input.

Hold time is the minimum time after the positive transition of the clock pulse (C) that information must
remain unchangaed at the data (D) input.

+031V
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MC 1670 (continued)

FIGURE 4 —TOGGLE FREQUENCY TEST CIRCUIT

+2.0 Vdc

Coax Coax
350 350
TPout
TPin o— g Q
G 0.1 uF
Sine-Wave Generator, @ N c1 All input and output cables to
l the scope are equal lengths of
o—mc2 50-ohm coaxial cable.
3100 a
Vgias = 0.71 Vdc O——— o\
(Use High EE 3100
Impedance Probe
to Adjust Vgiag)
IOJ uF 0.1 uF :]: 50
S = = P = =
dc Supply -3.2 Vdc

FIGURE 5 —-TOGGLE FREQUENCY WAVEFORMS

Clock Input

300
MHz-max

QorG
Output

Ta =25°C
—+t11 Vv
===+0.71 Vgijas
The maximum toggle frequency of the MC1670
— 4031V has been exceeded when either:
1. The output peak-to-peak voltage swing falls below
600 millivoits,
OR
600 mV min 2. The device ceases to toggle (divide by two).

FIGURE 6 — MAXIMUM TOGGLE FREQUENCY (TYPICAL)

+1.050

+1.000

———
Ta-25°C

+0.950

Ve = #2.0 Vdc 4

+0.900

VEg = -3.2 Vdc
Figure 6 illustrates the variation in toggle frequency with the

+0.850
+0.800

dc offset voltage (Vgjas) Of the inputclock signal. Vpgijas is defined

J

N by the test circuit in Figure 4, and waveform Figure 5.

+0.750

A

Figures 8 and 9 illustrate minimum clock pulse width recom-

+0.700

+0.650

mended for reliable operation of the MC1670.

+0.500

+0.450

Vgies (VOLTS DC)

+0.400

+0.350

+0.300

+0.250
1

75 225 275

fTog (MHz2)

325

378 425
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MC1670 (continued)

FIGURE 7 — TYPICAL MAXIMUM TOGGLE FREQUENCY

versus TEMPERATURE
w
2 400
Q
83
<
gg 350 —
>
R -l
<
3 3 300
H
Eu
-J
o
2 250
F
i I}
-30 0 25 50 85
TA.AMBIENT TEMPERATURE (°C)
Temperature -30°C +26°C +85°C
Vgias +0.660 Vdc +0.710 Vdc +0.765 Vdc

FIGURE 8 — MINIMUM “DOWN TIME** TO CLOCK
OUTPUT LOAD =50 Q2

CLOCK

[T FEREY U

SCALE
250 mV/DIV

HHT

[=]
o
H l.?.‘“rrn-

1.0 ns/DIV.

FIGURE 9 — MINIMUM “UP TIME” TO CLOCK
OUTPUT LOAD =50 Q

A
/
\

SCALE
250 mV/DIV.
]

—
Ll

CLOCK

T

i
HHT+

1.0 ns/DIV.
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TRIPLE 2-INPUT
EXCLUSIVE-OR GATE

MC1672

MECL 111 MC1600 series

POSITIVE LOGIC
8 3

X
2(6)
ppa—
13
(10) 6
90— e
1) 7
X=A®B+A®B

NEGATIVE LOGIC
(8 3

s >
J

(9) 5 =

19 13 A Som
(10) 6

(1a) 1 :ngLw(a)
7

X=A®B+AGB

2 (6)

Number at end of terminal denotes pin number for L package (Case 620).
Number in parenthesis denotes pin number for F package (Case 650).

This three gate array is designed to provide the positive
logic Exclusive-OR function in high speed applications.
These devices contain a temperature compensated internal
bias which insures that the threshold point remains in the
center of the transition region over the temperature range
(-30°C to +85°C). Input pulldown resistors eliminate the
need to tie unused inputs to VEE.

Vet = Pin 1.(5)
Vg2 = Pin 16 (4)
VEE = Pin 8 (12)

tpg = 1.1 ns typ (510-0hm load)
= 1.3 ns typ (50-ohm load)
Pp = 220 mW typ/pkg
Full Load Current, || = -25 mAdc max

CIRCUIT SCHEMATIC
Vce2 Vcer
16 (4) 2(6) 14 (2) 7(11) 1(5)
T
i + i L
15
(10) _K L
6 )
a2 ) 4
Y| ¥ 2 !F
N e ™
N ) 4 :l_
Y N
X
50 k ] 50 k 50 k 50k S0k
3(8) 8 13 (16) 11(14)
(12)
Vee

Number at end of terminal denotes pin number for L package (Case 620).
in pal pin ber for F k (Case 650).

See Genersl Information section for packaging.
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ELECTRICAL CHARACTERISTICS

This MECL 11l circuit has been designed to
meet the dc specifications shown in the
test table, after thermal equilibrium has
been established. Air flow greater than
500 linear fpm should be maintained while
the circuit is either in a test socket or is
mounted on a printed circuit board. Test
procedures are shown for selected inputs
and selected outputs. The other inputs
and outputs are tested in a similar manner.
Outputs are tested with a 50-ohm resistor
to -2.0 Vdc. See general information
section for complete thermal data.

F SUFFIX
CERAMIC PACKAGE
CASE 650

TEST VOLTAGE VALUES

n ) o Wort!
@ Test
Temperature | ViHmax |ViLmin | VIHAmin[VILAmax |VEE
-30°%c | -0.875 | -1.890| -1.180 | -1.515 |-52
+25%C | -0.810 | -1.850 | -1.095 | -1.485 |-5.2
+85°C | -0.700 | -1.830 | -1.025 | -1.440 |-5.2
Pin MC1672F Test L imits TEST VOLTAGE APPLIED TO
Under -30°C +25°C +85°C PINS LISTED BELOW vee)
Characteristic Symbol Test Min Max Min Max Min Max Unit_| ViHmax |ViLmin | ViHAmin|ViLAmax|VEE | Gnd
Power Supply Drain Current 13 12 - - - 55 — - mAdc | All Inputs — — - 12 4,5
Input Current linH 8,14,16 — - - 350 = ~ uAdc * - = - 12 | 45
0.75 linH | 9.10,11 - - - 270 - - uAdc . - - - 12 | a5
TinL = - 05 - — - uAdc - . - - 12 | 45
Logic 1" Output Voltage VoH 6 -1.045 | -0.875 | -0.960 | -0.810 [-0.890 [ -0.700 | Vdc 8 9 - - 12 | 45
6 -1.045 | -0.875 | -0.960 | -0.810 [-0.890 | -0.700 | vdc 9 8 - - 12 | 45
Logic “'0"" Output Voltage VoL 6 -1.890 | -1.650 | -1.850 | -1.620 |-1.830 | -1.575 | Vvdc 8.9 — - - 12 | 45
6 -1.890 | -1.650 | -1.850 | -1.620 |-1.830 | -1575 | vdc - 8.9 - — 12 | a5
Logic “'1"" Threshold Voltage VOHA 6 -1.065 - -0.980 - -0.910 - Vde - - 8 9 12 | 45
6 -1.065 - -0.980 - -0.910 — Vdc - — 9 8 12 | 45
Logic ‘0" Threshold Voltage VoLA 6 - -1.630 - -1.600 - -1.665 | Vdc - - 8.9 - 12 | 45
6 - -1.630 - -1.600 — -1.6656 | vdc - — - 8,9 12 | 45
Switching Times (50 2 Load) Pulse In [Pulse Out
Propagation Delay 18+6+ 6 - 20 - 18 - 23 ns - - 8 6 12 4,5
t8-6+ - 2.0 - 1.8 - 23 - -
18+6- - 2.1 - 19 - 24 - -
tg8_6- - 21 - 19 - 24 - -
t9+6+ - 25 - 23 - 28 - - 9
9.6+ - - - - -
t9+6- - - - - -
9-6- - = - - -
Rise Time to+ 6 - 2.7 - 2.5 — 2.9 ns — — 8 6 12 | a5
Fall Time tg- 6 - 24 - 2.2 - 26 ns — — 8 6 12 | 45

*Individually test each input applying V| or V| to input under test.

(Panunuod) z79 LON
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ELECTRICAL CHARACTERISTICS

This MECL |11 circuit has been designed to
meet the dc specifications shown in the
test table, after thermal equilibrium has
been established. The package should be
housed in a suitable heat sink (IERC-LIC-
214A2WCB or equivalent) or a transverse
air flow greater than 500 linear fpm should
be maintained while the circuit is either in a
test socket or is mounted on a printed
circuit board. Test procedures are shown
for selected inputs and selected outputs.
The other inputs and outputs are tested in
a similar manner. Outputs are tested with
a 50-ohm resistor to -2.0 Vdc. See general
information section for complete thermal
data.

L SUFFIX
CERAMIC PACKAGE
CASE 620

TEST VOLTAGE VALUES

(Volts)
e Test
Temperature | ViH max ViL min VIHA min VILA max VEE
-30% -0.875 -1.890 -1.180 -1515 -5.2
+25°C -0.810 -1.850 -1.095 -1.485 5.2
+85°C -0.700 -1.830 -1.025 -1.440 -5.2
Pin MC1672L Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW:
Under -30° +25°C +85°C vee!
Characteristic Symbol Test Min Max Min Max Min Max Unit VIH max VIL min VIHA min ViLA max Vee Gnd
Power Supply Drain Current Ie 8 B - 56 - = mAdc | All Inputs - - - 8 1,16
Input Current o H 311,13 - B - 350 - — uAdc B - - - 8 1,16
0.75lin K 56,7 - = - 270 — - wAdc . - — - 8 116
Tin L g - = 05 = = - wAdc - — = 8 1,16
Togic 1" VoH 2 -1.045 | -0875 | -0960 | -0.810 | -0890 | -0.700 Vde 3 5 = - 8 1,16
Output Voltage 2 -1.045 | -0875 | -0.960 | -0.810 | -0.890 | -0.700 Vde s 3 - - 8 1,16
Logic 0" VoL 2 -1.890 | -1650 | -1850 | -1620 | -1.830 | -1.575 vdc 35 - - - 8 1,16
Output Voltage 2 -1.890 | -1650 | -1.850 | -1620 | -1.830 | -157% Vde - 35 - - 8 116
Logic "1” VOHA 2 -1.065 - -0.980 - -0.910 - Vdc - - 3 5 8 1,16
Threshold Voltage 2 -1.065 - -0.980 - -0910 - Vde - - 5 3 8 1,16
Logic 0" vVoLa 2 - -1.630 - -1.600 - -1.555 Vdc - - 35 - 8 1,16
Threshold Voltage 2 - -1.630 - -1.600 - -1.555 Vde - - - 35 8 116
Switching Times (50 2 Load) Min Max Min Max Min Max Pulse In Pulse Out -32V | +20Vv
Propagation Delay 1342+ 2 - 20 - 1.8 - 23 ns ~ - 3 2 8 1,16
13-2+ 2 - 20 18 - 23 - -
342 2 - 21 - 19 - 24 - -
t3.2- 2 - 2.1 - 19 - 24 - -
542+ 2 - 25 - 23 - 28 - - 5
5.2+ 2 - - - - -
1542 2 - - - _ _
t5-2- 2 - - - - -
Rise Time 24 2 - 2.7 - 25 ~ 2.9 s — = 3 2 8 1,16
Fall Time 2. 2 ~ 24 — 2.2 = 2.6 ns — — 3 2 8 1,16

“individually test each input applying V| or V| to input under test.
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MC1672 (continued)

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C

Vin to Channel A" Vout to Channel “‘B8**

All input and output cables to

Coax Coax the scope are equal lengths of Coax
50-ohm coaxial cable.
Input 503 350 50
p:

Pulse Generator \
© Db EE )
-0 o ]
o———J !
+0.31 Vv o < |
100;; 3100 | 100

ERTRY ZID_:_O
@ Apply Vi, to input A T |
and +0.31 V to input B i ]

@ Apply Vin to input A -
and +1.11 V to input B

Unused outputs connected to a 50-ohm resistor to ground.

PROPAGATION DELAY

/—n.n v
Vin X 50%

~|—————+0.31V
—] t-~ I—— — 4
® 90% ¢
50%
Vout 10%
. boef—t+
e+ et
@ 90%
N
Y S




MECL 111 MC1600 series

TRIPLE 2-INPUT
EXCLUSIVE-NOR GATE

MCl1674

This three gate array is designed to provide the positive
logic Exclusive-NOR function in high speed applications.

POSITIVE LOGIC These devices contain a temperature compensated internal
© 3 bias which insures that the threshold point remains in the
P 'D. X L6 center of the transition region over the temperature range

(-30° to +85°C). Input pulidown resistors eliminate the

(16) 13 :—aDc’__ 14(2) need to tie unused inputs to VEE.
(10) 6
o~

X=AeB+AeB

Veer = Pin 1 (5)

NEGATIVE LOGIC v emis @
® 3 ~ X Vgg = Pin 8 (12)
© s = 'D“ 2(e tpa = 1.1 s typ (510-0hm load)

= 1.3 ns typ (50-ohm load)
(16 '3::DL_,“2) Pp = 220 mW typ/pkg
(10) 6 Full Load Current, | = -25 mAdc max
(14) 11
15 (3)
(1 7
X=AeB+A®H

Number at end of terminal denotes pin number for L package (Case 620).
Number in parenthesis denotes pin number for F package (Case 650).

CIRCUIT SCHEMATIC
Veca Veer
16 (4) 2 (6) 14 (2) 7(11) 1(5)
! ) o
e J e <K’ % @
N LA LS 15
(10) '—K L4
6 4
(9)
50— y
) 4 ) 4 b 4 ) 4
L 4 K :I
:I \ 2
x
50 k [ 50 k 50 k 50 k 50 k
3(8) 8 13 (16) 11 (14)
(12)
VEE
Number at end of terminal pin ber for L K (Case 620).
N ber in par i pin ber for F 13 (Case 650).

See General Information section for packaging.
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ELECTRICAL CHARACTERISTICS

This MECL 111 circuit has been designed to
meet the dc specifications shown in the
test table, after thermal equilibrium has
been established. Air flow greater than
500 linear fpm should be maintained while
the circuit is either in a test socket or is
mounted on a printed circuit board. Test
procedures are shown for selected inputs
and selected outputs. The other inputs
and outputs are tested in a similar manner.
Outputs are tested with a 50-ohm resistor
to -2.0 Vdc. See general informatin
section for complete thermal data.

F SUFFIX
CERAMIC PACKAGE
CASE 650

14 :3DLF‘ 3 TEST VOLTAGE VALUES
n (Volts)
@ Test
Temperature ViHmax |Vitmin | ViHAmin|ViLAmax |VEE
-30°C -0.875 | -1.890 | -1.180 | -1.5615 |-5.2
+259C -0.810 | -1.860 | -1.095 | -1.485 |[-5.2
+85°C -0.700 | -1.830 | -1.0256 | -1.440 |-5.2
Pin MC1674F Test Limits TEST VOLTAGE APPLIED TO
Under -30°C +259C +85°C PINS LISTED BELOW vee)
Characteristic Symbol Test Min Max Min Max Min Max Unit | ViHmax [ViLmin | ViHAmin|ViLAmax|VEE | Gnd
Power Supply Drain Current Ig 12 - - - 55 - — mAdc | All Inputs = — — 12 4,5
Input Current linH 8,14,16 - - - 350 — - uAdc M — — — 12 | 45
0.75 liny | 910,11 = — - 270 - - uAdc . — - — 12 | 45
linL . = - 05 — — - uAdc - . — — 12 | 45
Logic 1" Output Voltage VoH 6 -1.045 | -0.875 | -0.960 | -0.810 | -0.890 | -0.700 Vdc 8,9 - - - 12 | 45
6 -1.045 | -0.875 | -0.960 | -0.810 | -0.890 | -0.700 Vdc — 8.9 - — 12 | 45
Logic 0" Output Voitage VoL 6 -1.890 | -1.650 | -1.850 | -1.620 |-1.830 | -1.575 Vdc 8 S - - 12 | 45
6 -1.890 | -1.650 | -1.850 | -1620 |-1.830 | -1.5675 Vdc 9 8 - — 12 | 45
Logic 1" Threshold Voltage VOHA 6 -1.065 - -0.980 - -0.910 - Vdc - - 8,9 - 12 1 45
6 -1.065 - -0.980 — -0.910 — Vdc — — — 89 12 | 45
Logic ‘0" Threshold Voltage VoLA 6 — -1.630 - -1.600 - -1.655 Vdc - - 8 9 12 | 45
6 - -1.630 - -1.600 - -1.555 Vdc - - 9 8 12 | 45
Switching Times (50  Load) Pulse In |Pulse Out
Propagation Delay 18+6+ 6 - 20 - 18 - 23 ns - - 8 6 12 | 45
18-6+ - 20 - 1.8 - 23 - -
18+6- - 21 - 19 - 24 - -
t8-6- - 21 - 19 - 24 - -
t9+6+ - 25 - 23 - 28 - - 9
t9-6+ - - - - -
19+6- - - - - -
19-6- _ - - nd -
Rise Time 16+ 6 - 2.7 - 2.5 - 29 ns - — 8 6 12 | 45
Fall Time 16- 6 - 24 - 22 - 2.6 ns — - 8 6 12 | 45

*Individually test each input applying Vi or V|_ to input under test.
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ELECTRICAL CHARACTERISTICS

This MECL 111 circuit has been designed to
meet the dc specifications shown in the
test table, after thermal equilibrium has
been established. The package should be
housed in a suitable heat sink (IERC-LIC-
214A2WCB or equivalent) or a transverse
air flow greater than 500 linear fpm should
be maintained while the circuit is either in a
test socket or is mounted on a printed
circuit board. Test procedures are shown
for selected inputs and selected outputs.
The other inputs and outputs are tested in
a similar manner. Outputs are tested with
a 50-ohm resistor to -2.0 Vdc. See general
information section for complete thermal

L SUFFIX
CERAMIC PACKAGE
CASE 620

TEST VOLTAGE VALUES

data. jDCF—ls (Volts)
@ Test
Temperature ViHmax | ViLmin | ViHAmin{VILAmax |V EE
-30% -0.875 | -1.890 | -1.180 | -1.516 |-5.2
+259%C -0.810 | -1.850 | -1.095 | -1.485 |-5.2
+85°C -0.700 | -1.830 | -1.025 | -1.440 |-5.2
Pin MC1674L Test Limits TEST VOLTAGE APPLIED TO
Under ~30°C +259C +85°C PINS LISTED BELOW vee)
Characteristic Symbol Test Min Max Min Max Min Max Unit | ViHmax |ViLmin | ViHAmin|ViLAmax|VEE | Gnd
Power Supply Drain Current I3 8 - B - 55 - - mAdc | All Inputs - — — 8 1,16
Input Current linH 311,13 - - = 350 - - wAdc . - — — 8 | 116
0.751linH | 56,7 - - — 270 - - uAdc . - ~ - 8 | 116
TinL * = - 05 = — = wAdc — . — — 8 |1,16
Logic ““1”* Output Voltage VOHe 2 -1.045 | -0.875 | -0.960 | -0.810 | -0.890 | -0.700 Vdc 35 - - - 8 |1,16
2 -1.045 | -0.875 | -0.960 | -0.810 | -0.890 | -0.700 Vdc — 35 - - 8 [1.16
Logic “'0" Output Voltage VoL 2 -1.890 | -1.650 | -1.850 | -1.620 [-1.830 | -1.575 | Vdc 3 5 - - 8 1116
2 -1.890 | -1.650 | -1.850 | -1.620 |-1.830 | -1.575 Vdc 5 3 — - 8 ]1,16
Logic “’1”" Threshold Voltage VoHA 2 -1.065 - -0.980 - -0.910 - Vdc - - 35 - 8 [1,16
2 -1.065 — -0.980 - -0.910 - Vdc — — — 35 8 |1,16
Logic ‘0" Threshold Voltage VoLae 2 - -1.630 - -1.600 - -1.555 Vdc - - 3 5 8 |1,16
2 - -1.630 - -1.600 - -1.585 Vdc — — 5 3 8 |1,16
Switching Times (50 2 Load) Pulse In |Pulse Out
Propagation Delay 1342+ 2 - 2.0 - 18 - 23 ns - - 3 2 8 |[1,16
t3-2+ 2 - 20 - 1.8 - 23 - -
3t2- 2 - 2.1 - 19 - 24 - - ‘
3-2- 2 - 2.1 - 19 - 24 - -
1542+ 2 - 25 - 23 - 238 - - 5
15-2+ 2 - - - - -
15-2- 2 - - - - —
Rise Time 6+ 2 - 27 - 2.5 — 29 ns — — 3 2 8 [1,16
Fall Time 16- 2 - 24 - 22 - 26 ns - — 3 2 8 [1,16

*Individually test each input applying V|4 or V| to input under test.
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MC1674 (continued)

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C

@ Apply Vi, to input A

Vin to Channel A"’

Coax
=15+02ns

VWV

Input 503

Pulse Generator

©
1008
+0.31V

(‘D Apply Vipn to input A

and +1.11 V to input B

and +0.31 V to'input B

Unused outputs connected to a 50-ohm resistor to ground.

— t

All input and output cables to
the scope are equal lengths of
60-ohm coaxial cable.

PROPAGATION DELAY

Vout

Vout

—_—T

— t-

t- p— t
| 90% +111V
50
%
10 +0.31V
-- I—— — t++
90%
50%
10%
—tt- ™

fet— T+ -

90%
50%
10%
|—-— —] t+-

+

Vout to Channel ‘B

Coax

50

S

$100
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BI-QUINARY COUNTER

MECL 11l MC1600 series

MC1678

DC Input Loading Factor R - 240 The MC1678 is a four-bit counter capable of divide-
nput Loading Fac c1-077 by-two, divide-by-five, or divide-by-10 functions. When
c2-=1.23 used independently, the divide-by-two section will toggle
S =1.00 at 350 MHz typically, while the divide-by-five section will
toggle at 325 MHz typically. Clock inputs trigger on the
positive going edge of the clock pulse.
Set and Reset inputs override the clock, allowing asyn-
DC Output Loading Factor = 70 chronous “set’ or “clear””. Individual Set and common
Reset inputs are provided, as well as complementary out-
Power Dissipation = 750 mW typ puts four the first and fourth bits. True outputs are available
at all bits.
'Tog =350 MHz typ
S0 14 Qo 13 s1 10 Q1 1 s23 Q2 4 s3 7 Q36
o o o T o
_ S l_ _ S L _ _ s
D1 a b1 Q 53] Q b1 al
Q’ B2 a’ Q’ B2 Q'
RT RT Rt Ry}
AT (] RT
Clock 15 0——c1 afl— —c2 at— c2 a c2 g
R R r R R
Reset 9 O
) 1
Go 12 2 c2 a3 s
CIRCUIT SCHEMATIC
Vec2 1/4 OF CIRCUIT SHOWN @’ Ry Rt Q' Veer
100 100 300 100 100 [;
U _‘; 3 v W
125 125 v ™ 7
N
o P<HC 7 < F
B2 T a a
4
4
c Y 60
c2 1235
s
v | __K
" [~
T )
] 3 :
) 4
50150} 50 | 50 | 50 }s0
k k3 K " « 3k 3560 1.3k% 1.3k 105 675 3253675 50 15k31k31k 2315k
! Vee

See General Information section for packaging.
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MC 1678 (continued)

COUNTER TRUTH TABLES

BCD BI-QUINARY
(Clock connected to C1 (Clock connected to C2
and QO connected to C2) and Q3 connected to C1) R-S
COUNT| Qo0 | Q1 Q2 | Q3 COUNT | Q1 Q2| Q3] ao Cc R S |Qn+1

o L L L L (o] L L L L ) L L Qp
1 "I I B 1 Hl o | L]t ol ml | w
2 L H L L 2 L H L L
3 H H L L 3 H H L L L3 L . H
a L | C|n[¢C 4 [N AR I o[ H | JNO
5 H L H L 5 L L L H — .
6 L H H L 6 H L L H ¢ = Don’t Care
7 H H H L 7 L H L H ND = Not Defined
8 L L L H 8 H H L H
9 H L L H 9 L L H H

COUNTER STATE DIAGRAM - POSITIVE LOGIC

Clock connected to C2 QO connected to C2

FIGURE 1 — TOGGLE FREQUENCY TEST CIRCUIT

Vce VEeEe.
+2.0Vdc @ 0-3.2 Vde

25 uFr
I

I 0.1 uF Coax

50
5 e a2 o
Clock Input 2 c2 a3 6
14
0——1s0
0—10 s1
1 oper { o—21s2
- 7 = [12
O0—s3 ao——o
o—2r a3l
Q1 Q2
All input and output cables to 11 a 100
the scope are equal lengths of
50-ohm coaxial cable. R
Open = =
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ELECTRICAL CHARACTERISTICS

This MECL 111 circuit has been designed to
meet the dc specifications shown in the
test table, after thermal equilibrium has

test socket or is mounted on a printed
circuit board. Test procedures are shown
for selected inputs and selected outputs.

CERAMIC PACKAGE

L SUFFIX

been established. The package should be The other inputs and outputs are tested in CASE 620
housed in a suitable heat sink (IERC-LIC- a similar manner. Outputs are tested with
214A2WCB or equivalent) or a transverse a 50-ohm resistor to -2.0 Vdc. See general TEST VOLTAGE VALUES
air flow greater than 500 linear fpm should information section for complete thermal T @ Test Vin Vitmi ViHAmI ViLa Vee
maintained while the circuit is either in a . emperature max n min | "ILAmax |
be ° ¢ eithe data -30°c | -0875 | -1.890 -1.180 -1.515 -5.2
+25°C | -0.810 | -1.850 -1.095 -1.485 -52
+85°C | -0.700 -1.830 -1.025 -1.440 -5.2
Pi MC1678L Test Limits
n .
Under* -30° +259C +855C TEST VOLTAGE APPLIED TO PINS LISTED BELOW:
Characteristic Symbol Test Min Max Min Max Min Max Unit | ViHmax | Vitmin | ViHAmin | ViLAmax | VEE Gnd
Power Supply Drain Current 1e 8 - - - 200 — — mAdc 9 - — 8 1,16
Input Current linH 9 - - - 1.00 - - mAdc 9 - - - 8 1.16
2 - - - 0.70 - - 2 - - -
15 - - - 0.45 - - 15 - - -
3,7,10,14 - - - 045 - - . - - -
lin L 9 - - 05 - - - uAdc - 9 - - 8 1,16
2 - - 05 - - - - 2 - - * *
3.7,10,14.15 - - 05 - - - - . _ _
Logic "1 VoH 512 -0.960 | -0.810 | -0.890 | -0.700 | Vdc - 3,7,10,14 - - 8 116
Output Voltage 46,1113 -0.960 | -0.810 | -0.890 | -0.700 Vdc - 9 - - 8 1,16
Logic "0 VoL 512 (2 -1850 [ -1620 [ -1.830 [ -1575 | vdc - 9 - - 8 116
Output Voltage 4,6,11,13Q -1.850 | -1.620 | -1.830 | -1.575 | vdc - 3,7,10.14 - - 8 1,16
Logic "1 VOHA 512 -0.980 - -0.910 - Vdc - - - 37,1014 8 116
Threshold Voltage 6.8,11.13 -1.065 - -0.980 - -0.910 = Vdc - - = 9 8 116
Logic “0” VOLA 512 - -1.630 - -1.600 - -1555 [ vdc - - - 9 8 1,16
Threshold Voltage 4,6.13,16 - -1.630 - -1.600 - -1.555 | Vde - - - 3,7,10.14 8 1,16
AC Characteristics Pulse In Pulse Out | -3.2Vdc| +2.0 Vdc
Clock Delays 15412+ 12 1.0 29 10 27 10 31 ns - - 15 12 8 116
50 £ Loads 15413+ 13 29 27 31 - - 15 13
2411+ n 32 30 34 - - 2 "
1244+ 4 - - 2 4
1246+ 6 - - 2 6
1245+ 5 - — 2 5
115412- 12 10 29 10 27 10 3.1 ns - - 15 12 8 116
15413~ 13 29 27 31 - - 15 13
13411- " 32 30 34 - - 2 n
12+44- 4 - - 2 4
12+46- 6 - - 2 6
1245 s - - 2 5
Set Delay 114413+ 13 2.0 39 2.0 3.7 2.0 4.1 ns - - 14 13 8 1,16
t14412- 12 20 39 20 37 2.0 4.1 ns - - 14 12 8 1,16
Reset Delay t9+12+ 12 20 39 20 37 20 41 ns - - 9 12 8 1,16
1g+13- 13 2.0 39 2.0 37 2.0 4.1 ns - - 9 13 8 1,16
Rise Time 13+ 13 10 29 10 27 1.0 3.1 ns - - 15 13 8 1,16
12+ 12 1.0 29 1.0 2.7 1.0 3.1 ns - - 15 12 8 1,16
Fall Time 13- 13 1.0 28 10 26 10 3.0 ns - - 15 13 8 1,16
192 12 1.0 28 1.0 26 1.0 30 ns - - 15 12 8 116
Maximum Toggle Frequency fe 13 ® 260 - 300 - 260 - MHz - - - - 8 1,16
50 2 Load [N 6 © 250 - 275 - 250 - MHz - - - - 8 1,16

*Individually apply V| or V|| to input under test.

(@ Reset all four flip-flops by applying Pa to pin 9.

(@ Set all four flip-flops by applying PA to pins 3, 7, 10,

and 14 simuitaneously.

@ Reset all four flip-flops by applying Po to pin 9.

@ set all four flip-flops by applying Pa to pins 3, 7, 10,

and 14 simultaneously.

(®) See Figure 1 for toggle test circuit

Vi

L
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MC1678 (continued)

APPLICATIONS INFORMATION

With the addition of a single gate package, the MC1678 will
count in a fully synchronous mode, as shown below.

S0 14 Qo0 13 s1 10 a1 11 s2 3 Q2 4 s3 7 Q36
o o [o) T

D1 a D1 a D1 Q B1 Qi

Q’ B2 Q’ o} B2 Q'

Ry RT Ry Ry

1/2 MC1662 C;osck Rt e RT
a o c2 a cz2 [l
[‘ R

a3 s
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DUAL 4-5-INPUT
OR/NOR GATE

vl L

MECL 11l MC1600 series

MCl1688

Advance Information

The MC1688 is a dual 4-5 input OR-NOR
gate. All inputs are terminated by a 50 k ohm
resistor to VEE eliminating the need to tie
unused inputs low.

POSITIVE LOGIC NEGATIVE LOGIC
8 8 ._H
10 6 10— 6
1 11—
13 13—
14 2 14 — 2
15 3 15 — i: 3
16 16 —
1 1 ~ tpd = 0.8 ns typ
Pp = 1256 mW typ/pkg (No Load)
Output Rise and Fall Times
{(10% to 90%) 1.7 ns
(20% to 80%) 1.1 ns
Vecr1=4
Vcez2 =5
Vgg = 12
CIRCUIT SCHEMATIC
5 4
Veez @ ?Vccr

P

OR 6 O—

NOR 70__J’r

"\

’\\—7'—03 OR

I\—oz NOR

$ "~ bvee

© O—

-
o
-
-
-
N

This is advance information and specifications are subject to change without notice.

See General Information section for packaging.
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Each MECL Il series circuit has been
designed to meet the dc specifications
shown in the test table, after thermal equi-
librium has been established. The circuit is
in a test socket or mounted on a printed
circuit board and transverse air fiow greater
than 500 linear fpm is maintained. Outputs

are terminated through a 50-ohm resistor to 8
-2.0 volts. Test procedures are shown for °
only one input and one output. The other
inputs and outputs are tested in the same 10 6
manner, 11
13 F SUFFIX
CERAMIC PACKAGE
I 2 CASE 650
15
3
16
1
TEST VOLTAGE VALUES
(Volts)
@ Test
Temperature | ViH max| ViL min [ViHAmin [ViLAmax| VEE
_30% | -0.875 [ -1.890 | -1.180 |-1515 | -5.2
+25°C -0.810 | -1.850 | -1.095 | -1.485 -5.2
. +85°C | -0.700 | -1.830 | -1.025 | -1.440 | -5.2
MC1688F Test Limit:
Pin = e bim 3 TEST VOLTAGE APPLIED TO PINS BELOW
Under -30°C +259C +85°C (Vee!)
Characteristic Symbol | Test Min Max Min Typ Max Min Max Unit | Vigmax | ViLtmin | VIHAmin|MLAmax| VEE Gnd
Power Supply Drain Current I3 12 - - - 24 30 - - mAdc - - - - 12 a5
Input Current tinH 8 - - - - 350 - - pAdc 8 - - - 12 45
linL 8 - — 0.5 — - — - wAdc — 8 - = 12 45
High Output Voltage VOH 6 -1.045 | -0.875 | -0.960 - -0.810 | -0.890 | -0.700 | vdc 8 - - - 12 45
7 -1.045 | -0.875 | -0.960 - -0.810 | -0.890 | -0.700 Vdc - 8 - — 12 45
Low Output Voltage VoL 6 -1.890 | -1.650 | -1.850 - -1.620 | -1.830 | -1.575 Vdc - 8 - - 12 45
7 -1.890 | -1.650 | -1.850 — -1.620 | -1.830 | -1.575 Vdc 8 - - — 12 45
High Threshold Voltage VOHA 6 -1.065 - -0.980 - - -0.910 - Vdc - - 8 - 12 45
7 -1.065 - -0.980 - - -0.910 - Vdc - - - 8 12 45
Low Threshold Voltage VoLA 6 - -1.630 - - -1.600 - -1.555 Vdc - - - 8 12 45
7 — -1.630 — — -1.600 - -1.555 Vdc ot - 8 - 12 45
Switching Times Pulse in |PulseOut [-3.2V | +20V
(60-ohm load)
Propagation Delay 18+7- 7 - - - 0.8 - - - ns - - 8 7 12 45
t8-7+ 7 - - - - - - - - 7
t8+6+ 6 - - - - - - - - 6
18-6- 6 - - - - - - - - 6
Rise Time t74 7 - - - 1117 - - - - - 7
(20 to 80%)/(10 to 90%) 16+ 6 - - - - - - - - 6
Fall Time t7- 7 - - - - - - - - 7
(20 to 80%)/(10to 90%) te- 6 - - - - - - - - 6

(panuiuod) 889 LI



MC1688 (continued)

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C

Vin Veer = Veez Vout Vout
To Channel “A" +2.0 Vdc NOR OR

To
Channel
g

I

Input

Pulse Generator

Input Puise )
t+=1t-=1.0+0.2ns
(20 to 80%) )

Unused outputs connected to
a 50-ohm resistor to ground.

50-0hm termination to
ground located in each 1
scope channel input. ]

| S

All input and output cables to the
scope are equal lengths of 50-ohm
coaxial cable. Wire length should
be < 1/4 inch from TP, to input
pin and TPout to output pin.

Vgg = -3.2 Vdc

PROPAGATION DELAY

/_+1.11 A%

Vin
+0.31V
t++
—
Vout OR
- t- —tt+
b+ .
80%
Vout NOR 50%
PR 20% X
— (-+L —] t+-




UHF PRESCALER
TYPE D FLIP-FLOP

MECL 11l MC1600 series

MC1690

Advance Information

Pp =200 mW typ/pkg (No Load)
frog = 500 MHz min

The MC1690 is a high speed D master-siave flip-flop
capable of toggle rates over 500 MHz. Designed primarily
for high speed prescaling applications in communications
and instrumentation, this device employs two data inputs,
two clock inputs and complementary Q and Q outputs.
It is a higher frequency replacement for the MC1670 (350
MHz) D flip-flop. There are no set or reset inputs and an
extra data input is provided.

When used with the MC1678, the MC1690 provides a
decade counter capable of 500 MHz operation.

POSITIVE LOGIC
“an 7 c1:D
(14) 9 c2
(15) 11 D1
(16) 12 D2

2 (6)

]

3 (7)

ol

Veet = Pin 1(5)
Veez = Pin 16 (4)
VEg = Pin 8 (12)

NEGATIVE LOGIC
(1) 751:D of 2 (6)
(14) 9 C2
(15) 11 D1
(16) 12 D2

>—3 (7)

ol

Numbers at ends of terminals denote pin numbers for L package (Case 620).
Numbers in parenthesis denote pin numbars for F package (Case 650).

TIMING DIAGRAM

2

TRUTH TABLE

C D Qp+1
L ® Qn
H ) a,
- L L
- H H
c=Ct1+C2 ¢ = Don’t Care
D=D1+ D2

This is advance information and specifications are subject to change without notice.

See General Information section for packaging.
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ELECTRICAL CHARACTERISTICS

This MECL |1l circuit has been designed to
meet the dc specifications shown in the
test table, after thermal equilibrium has
been established. Air flow greater than
500 linear fpm should be maintained while
the circuit is either in a test socket or is

mounted on a printed circuit board. Test F SUFFIX
procedures are shown for selected inputs e CERAMIC PACKAGE
and selected outputs. The other inputs :D Q 6 CASE 650
and outputs are tested in a similar manner. 14c2
Outputs are tested with a 50-ohm resistor
to -2.0 Vdc. See general information
section for complete thermal data. 15 D1 TEST VOLTAGE VALUES
Gm 7 Volts
16 D2 @ Test
Temperature  |ViH max [VIL min | VIHA min | VILA max | VEE
-30°c -0.876 | -1.890 [ -1.180 -1.515 -5.2
+25°C -0.810 | -1.850 | -1.095 -1.485 -5.2
+85°C -0.700 | -1.830 -1.025 -1.440 -5.2
Pin MC1690F Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW:
Under -30°C +25°C +85°C Ve
Characteristic Symbol Test Min Max Min Max Min Max Unit V4 max |ViL max | VIHA min | VILA max VEE P1 P2 Gnd
Power Supply Drain Current g 12 - - - 59 - - mAdcf11,141516] - - — 12 — — 45
Input Current finH 1 - - — 250 - - uAdc 1 — — — 12 — . 45
15 - - 270 - - uAdc 15 - - - 12 - - 45
linL 1 - B 0.5 - ~ |uAde| -~ " - - 12 - - 45
15 - - 0.5 - - - uAdc — 15 - - 12 = - 4,5
Logic 1"

Output Voltage VOH 6 -1.045 | -0.875 | -0.960 | -0.810 | -0.890 | -0.700 | Vdc 15 - - - 12 1 - 45
Logic "0

Output Voltage VoL 6 -1.890 | -1650 | -1.850 | -1.620 | -1.830 | -1.575 | Vdc - 15 - - 12 1 - 45
Logic “1"

Threshold Voltage VOHA 6 -1.065 - -0.980 - -0.910 - Vde 15 - - - 12 - 1 45
Logic 0"

Threshold Voitage VoLa 6 - -1.630 - -1.600 - -1.565 | Vdc - 15 - - 12 - | n 45
Switching Parameters Min | Tye | Max -3.2 Vdc +2.0 Vde
Clock to Output Delay t146+ 6 - - fis ] - - s |- - - - 12 |- | - a5

(See Figure 1) 11446+ - - - 118 | - - - - — - - - -

Output

Rise Time t+ - - - 113 - - - - - - - -

Fall Time - - - 113 - - - - - - - -
Setup Time tsetup H - - - 103 - - - - - - - - -

(See Figure 2) tetup L - - - ]103] - - - - - - - -
Hold Time thoid H - - - ]02]| - - - - - — _ _

(See Figure 2) thoid L - - - 103]| - - - - - - - - -

Toggle Frequency 1 6 500 - 500 | 550 | — 500 - MHz - - - - 12 - - 4,5
o(%gee Figure 3) to9

n—l—l: VIH max P-z_l—'l:VlHA min

VIL min VILA max

(panunuod) 0691 IN
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ELECTRICAL CHARACTERISTICS

This MECL 111 circuit has been designed to
meet the dc specifications shown in the
test table, after thermal equilibrium has
been established. The package should be
housed in a suitable heat sink (IERC-LIC-
214A2WCB or equivalent) or a transverse
air flow greater than 500 linear fpm should
be maintained while the circuit is either in a
test socket or is mounted on a printed
circuit board. Test procedures are shown
for selected inputs and selected outputs.
The other inputs and outputs are tested in

7 C1
9 C2

IR

L SUFFIX

CERAMIC PACKAGE

CASE 620

a similar manner. Outputs are tested with TEST VOLTAGE VALUES
a 50-ohm resistor to -2.0 Vdc. See general 1 01 a3 L
information section for complete thermal 12 D2 Voits
data. @ Test
Temperature Vil max |VIL min | VIHA min | VILA max [ VEE
-30°c | -0.875 | -1.890 | -1.180 -1515 -52
+25°C -0.810 | -1.850 | -1.095 -1.485 -5.2
+85°C -0.700 | -1.830 | -1.026 -1.440 -5.2
" MC1690L Test Limit:
Pin @ = gt Laits S TEST VOLTAGE APPLIED TO PINS LISTED BELOW:
Under -30°C +25°C +85°C Vee)
Characteristic Symbol Test Min Max Min Max Min Max Unit |ViH max | VIL min | VIHA min | VILA max Veg (4] P2 cﬁf
Power Supply Drain Current e 8 - = - 59 - mAdc|7.9,11,12 - — — 8 — — 1,16
Input Current linH 7 - - - 250 - nAdc 7 - - - 8 - - 1,16
n - - - 270 - KAdc 1" - - 8 - - 1.16
lin L 7 - - 0.5 - - uAdc - 7 - — 8 - — 1,16
LA - - 05 - - uAdc - 1 - - 8 - - 1.16
Logic “1"”

Output Volitage Vor 2 -1.045 | -0875 | -0.960 | -0.810 | -0.890 | -0.700 { Vdc 1 - - 8 7 - 1,16
Logic 0"

Output Voltage Voo 2 -1.890 | -1.650 | -1.850 | -1.620 | -1.830 | -1.575 Vdc - 1 - - 8 7 - 1,16
Logic 1"

Threshold Voltage VOHA 2 -1.065 - -0.980 - -0.910 - Vdc 1 - - - 8 - 7 1,16
Logic 0"

Threshold Voltage VoLA 2 - -1.630 - -1.600 -1.655 | Vdc 1 - - 8 - 7 1.16
Switching Parameters Min | Typ | Max -3.2 Vde +2.0 vde
Clock to Output Delay

(See Figure 1) 1742+ 2 - - - |15 | - - ns - - - - 8 - - 1,16

19+2+ - - - 15 - - - - - — - -
Output

Rise Time t+ - - - |13 - - - - - ~ - -

Fall Time - - - - 1.3 - - - - - - - -
Setup Time teetup H - - - (03} - - - - - - - -

(See Figure 2) teatup L - - - {103 - - - - - - - -
Hold Time thold H - - - 102 - - - - - - - -

(See Figure 2) thold L - - - |03} - - - - - - - -

Toggle Frequency 'tog 2 500 - 500 |540| — 500 - MHz - - — — 8 - — 1.16

(See Figure 3) B

3 I
ViL min

P2 I'_'l—VIHA min
VILA max

(panuiuo2)069LIN



MC 1690 (continued)

FIGURE 1 — PROPAGATION DELAY TEST CIRCUIT

Vcer = Veea
Vin Sl vat Vout

Coax Coax Coax
TPin All input and output cables to
c the scope are equal lengths of
Clock 50-ohm coaxial cable.
Input Pulse +—O
Generator
TPin
D TP,
Data out
Input Pulse —O
Generator

50-ohm termination to ground lo-
cated in each scope channel input.

-3.2 Vde

CLOCK DELAY WAVEFORMS @ 25°C

. +1.11 v

+0.31 Vv

Data

. — ]
Q 50%

50%

—-|t+
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MC 1690 (continued)

FIGURE 2 — SETUP AND HOLD TIME TEST CIRCUIT

Veea = Veca =
Vin +2.0 Vdc Vout
Coax Coax Coax
50°
Clock TPin TPout
+—o
Input Pulse
Generators All input and output cables to
the scope are equal lengths of
TPin 60-ohm coaxial cable.
o *Non-inductive type.
Data
S0
50-ohm termination to ground lo- =
cated in each scope channel input.
-3.2 Vdc
VEE
SETUP TIME WAVEFORMS @ 25°C
+1.11 Vv
Data \
tsetup H +0.31 Vv
tsetup L
+1.11V
Clock 50%
+0.31 VvV

Q Output

HOLD TIME WAVEFORMS @ 25°C
+1.11V

Data /
+0.31V

+1.11V

Clock 50%
+0.31V

Setup time is the minimum time before the positive transition of the clock pulse (C) that information must

be present at the data (D) input.
Hold time is the minimum time after the positive transition of the clock puise (C) that information must

remain unchanged at the data (D) input.
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MC 1690 (continued)

FIGURE 3 — TOGGLE FREQUENCY TEST CIRCUIT

Veer = Veea =
+2.0 Vdc

Vin
Coax
25 uF I
$ 50
3 50
TP; - —
0.1 uF n r
Sine Wave Generator, @ AR
AC Coupled 4l c

AA

>
S
>

VBias =+0.70 VdcO0—

(Use High =~

impedance Probe
to Adjust Vgiae)

50-ohm termination to ground lo-
cated in each scope channel input.

100°

[}
el
|
|
0.1 , ) [»)
uF
| .

Vout

Coax

50°

TPout

Afl input and output cables to
the scope are equal lengths of
50-ohm coaxial cable.

*Non-inductive type.

FIGURE 4 — TOGGLE FREQUENCY WAVEFORMS

Clock lnput
500 MH2

QorQ
Output

The maximum toggle frequency of the MC1690 has been

1. The output peak-to-peak voltage swing falls below

Ta =25°C
— +1.11 Vv
=== +0.71 Vgjas
— +031V exceeded when either:
600 millivolts,
OR
600 mV min 2. The device ceases to toggle (divide by two).
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MECL 111 MC1600 series
QUAD LINE RECEIVER

MC1692

Four differential amplifiers with emitter
followers intended for use in sensing differ-
ential signals over long lines.

(€:)) 4
© 5}2 (6)
(7 j>"— .
7
(10) 6 Vee = Pin 1 (5)
(14) 10 Veez = Pin 16 (4)
(15) 11 14 (2) VEE = Pin 8 (12)
(1) 13 tpg = 0.9 ns typ (510-ohm load)
(16) 12 15 () = 1.1 ns typ (50-ohm load)

-

9 (13) Pp =220 mW typ/pkg (No load)

Vee
Full Load Current, I = -26 mAdc max

Number at end of terminals denotes pin number for L package (Case 620).
Number in parenthesis denotes pin number for F package (Case 650).

CIRCUIT SCHEMATIC

(6) (7) (2) (5) @) (4)
2 3 14 1 15 16
o T Vce T o Vce2
100 100 100 100 100 100 100 100

9 y
3653 3653 3653 3653
l 1 J> l l l 6 Vee l
4 5 7 6 10 1 13 8 12
(8) 9 (1) (10) (14) (1s) (1) (12) (16)

Number at end of terminal denotes pin number for L package (Case 620).
Number in parenthesis denotes pin number for F package (Case 650).

See General Information section for packaging information.

4-81



8y

ELECTRICAL CHARACTERISTICS

This MECL Il circuit has been designed to
meet the dc specifications shown in the
test table, after thermal equilibrium has
been established. Air flow greater than
500 linear fpm should be maintained while
the circuit is either in a test socket or is
mounted on a printed circuit board. Test
procedures are shown for selected inputs
and selected outputs. The other inputs
and outputs are tested in a similar manner.
Outputs are tested with a 50-ohm resistor
to -2.0 Vdc. See general information
section for complete thermal data.

F SUFFIX
CERAMIC PACKAGE
s CASE 650
9 j>L 6
1
10 j>~‘" 7
14
15 } 2
i
16 3
v ssl_ 13
@ Tost TEST VOLTAGE VALUES
Temperature | VIH max VIL min VIHA min VILA max Vs VEE
-30°% [ _osrs -1.890 -1.180 -1.515 From 52
+25°C -0810 -1.850 -1.095 -1.485 Pin 5.2
+85°c [ -0.700 -1830 -1.025 -1.440 3 5.2
Pin MC1692F Tost Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW:
Under -30°C +25°%C +859C vee)
Characteristic Symbol | Test Min Max Min Max Min Max Unit | ViHmax | Vit min | VIHA min | VILA max Ves VEE | Gnd
Power Supply Drain Current I3 12 - - - 50 - - mAdc - 18,1114 - - 9,10,15,16 12 45
Input Current lin 8 - - - 250 - — HAdc 8 1,11,14 - - 9,10,15,16 12 45
Input Leakage Current IR 8 - - - 100 - - HAdc - 1,11,14 - - 9,10,15,16 | 8,12 a5
Logic 1" Output Voltage VoH 6 -1.045 [ 0875 | 0960 | -0810 | -0.890 | -0.700 | Vdc 111,14 — - 9,10,15,16 | 12 45
Logic "'0” Qutput Voltage VoL 6 -1890 | -1.650 | -1.850 [ -1620 | -1.830 | -1575 | Vdc 8 111,14 = — 9,10,15,16 | 12 45
Logic *'1” Threshold Voltage | Voua 6 -1.065 - -0.980 - -0.910 - Vdc - 1,11,14 — 8 9,10,15,16 | 12 45
Logic 0" Threshold Voltage | Vopa 6 - -1.630 — -1.600 - -1566 | Vdc - 111,14 8 - 9,10,15,16 | 12 45
Reference Voltage Vgg 13 1.375 1275 | -1.3 | -125 1.30 1.20 vdc - - - 9,10,15,16 [ 12 45
Switching Times (50 {2 Load) Min Max Min Max Min Max Pulse In Pulse Out
Propagation Delay tg-6+ 6 - 16 - 15 - 17 ns 8 6 9,10,15,16 | 12 45
146 6 - 18 - 1.7 - 19 l 1 l l l
Rise Time 6+ 6 - 2.2 - 21 - 23
Fall Time t6- 6 - 22 - 2.1 - 2.3

(panunuod) Z69LION
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ELECTRICAL CHARACTERISTICS

This MECL |11 circuit has been designed to
meet the dc specifications shown in the
test table, after thermal equilibrium has
been established. The package should be
housed in a suitable heat sink (IERC-LIC-
214A2WCB or equivalent) or a transverse
air flow greater than 500 linear fpm should
be maintained while the circuit is either in a
test socket or is mounted on a printed
circuit board. Test procedures are shown
for selected inputs and selected outputs.
The other inputs and outputs are tested in
a similar manner. Outputs are tested with

a 50-ohm resistor to -2.0 Vdc. See general L SUFFIX
information section for complete thermal CERAMIC PACKAGE
date. CASE 620
4
s j>-— 2
7
6 } 3
:? }14
13
12 j>_15 @ Test TEST VOLTAGE VALUES
Temperature | ViHmax | Vit min | ViHA min | ViLA mex Ves VEE
VBBl 9 -30°c [ _087s -1.890 -1.180 -1.515 From 52
+26°%C 0810 -1.850 -1.095 -1.485 Pin 5.2
+85°c [ 0700 | -1830 1025 1,440 i 52
Pin MC1692L Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW:
Under -30°C +25°C +85°C :
Characteristic Symbol | Test Min Max Min Max Min Max Unit | ViHmax | Vit min [ VIHA min | VILA max Ves VEE | Gnd
Power Supply Drain Current Ig 8 - - - 50 - - mAdc - 47,1013 - - 5,6,11,12 8 1,16
Input Current Vin a = - - 250 - - UAdc 4 710,13 - - 5,6,11,12 8 1,16
Input Leakage Current IR 4 - - - 100 - - MAdc - 7,10,13 - - 5,6,11,12 84 1,16
Logic "'1"" Output Voltage VoM 2 -1.045 | 0875 | 0960 | -0810 | -0890 [ -0.700 | Vvdc 710,13 4 = - 5,6,11,12 8 116
Logic *'0" Output Volitage VoL 2 -1.890 | -1.650 | -1850 | -1.620 | -1.830 [ -1575 | Vdc 4 7.1013 - - 5.6.11,12 8 1.16
Logic 1" Threshold Voltage VOHA 2 -1.065 - -0.980 - -0.910 - Vdc - 7.10,13 - 4 5,6,11,12 8 1,16
Logic '0" Threshold Voltage | Vo a. 2 - -1.630 - 1600.| - -1.555 | Vdc - 710,13 4 - 5,6.11,12 8 116
Reference Voltage Vgg 9 1.375 1275 -1.35 -1.25 1.30 1.20 Vdc - - - - 5,6,11,12 8 1,16
Switching Times (50 £ Load) Min Max Min Max Min Max Pulse In Pulse Out
Propagation Delay t4-2+ 2 - 1.6 - 15 - 1.7 ns 4 2 56.11,12 8 1,16
14+42- 2 - 18 - 1.7 - 19
Rise Time 24 2 - 22 - 21 - 23 l l l l l
Fall Time 2. 2 - 2.2 - 2.1 - 23

(panuinuod) 2691 IN



MC1692 (continued)

APPLICATIONS INFORMATION

The MC1692 quad line receiver is used primarily to receive
data from balanced twisted pair lines, as indicated in Figure 1.
The line is driven with a MC1660 OR/NOR gate. The MC1660
is terminated with 50 ohm resistors to -2.0 volts. At the end of
the twisted pair a 100 ohm termination resistor is placed across

the differential line receiver inputs of the MC1692. lllustrated in
Figure 2 is the sending and receiving waveforms at a data rate of
400 megabits per second over an 18 foot twisted pair cable. The
waveform picture of Figure 3 shows a 5 nanosecond pulse being
propagated down the 18 foot line. The delay time for the line
is 1.68 ns/foot.

The MC1692 may also be applied as a high frequency schmitt
trigger as illustrated in Figure 4. This circuit has been used in ex-
cess of 200 MHz. The MC1692 when loaded into 50 ohms will
produce an output rising edge of about 1.5 nanoseconds.

Va
MC1660
FIGURE 1 — LINE DRIVER/RECEIVER
50
Vyr=-2V

Ya
18 Ft MC1692
Twisted
Pa‘r X %100
50
50 Vegg = -5.2 Vde
Vit -2V

FIGURE 2 — 400 MBS WAVEFORMS

FIGURE 3 — PULSE PROPAGATION WAVEFORMS

Sending
End

2 ns/cm

Receiving
End

Sending
End

5 ns/cm

R T eSS F PR S

1
:
T
H
i

Receiving
End

Ya
MC1692

FIGURE 4 — 200 MHz SCHMITT TRIGGER
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4-8BIT SHIFT REGISTER MECL LI MC1600 series

MC1694

The MC1694 is a 4-Bit register capable of shift rates up
FLIP-FLOP TRUTH TABLE to 325 MHz (typical). This shift register operates in the
Inputs Output shift-right mode, accepting serial data at either data input
DIC|R|S| Qn D1or D2. A master reset and individual set inputs override
g g g ? °r1|-1 the clock allowing asynchronous entry of information.
olo[1|of o
ofo]1]1 .
of[1]o]o] o
of1]|0]1 1
of1{1{o| o
o111 . LOGIC DIAGRAM
1]o| oo aQnq
1{ofol1]| 1
Veer = 1
1]o|1fo (] VCC1 —1s so Qo s1 Q1 s2 Q2 s3 a3
1{oj1[1]| 3‘32 Jipe 2 13 10 12 3 4 6 5
1[1[ofo] EE™ T T T T
101] 0|1 1 5 5 = S
1|1|1]0| o Q| Q ¢} a
1{1]{1]1 . D1 14 ) : )
o2 15::D° at—p ot—o at—o

*Output State
Undefined

~

Clock
DC Input Loading Factors Reset 9

Reset = 25 Set=1.0
Clock = 1.6 Data=0.9

DC Output Loading Factor = 70

€r R € R € g

Total Power Dissipation = 750 mW typ/pkg
Shift Frequency = 325 MHz typ

FLIP-FLOP ELEMENT CIRCUIT SCHEMATIC

1/4 OF CIRCUIT SHOWN

Veer a veez
100 100 300 100 100
*‘u o <
B
125 125 :
D1 _I;_‘]__DC{;‘, ‘H“'—]_ 5—‘*}
. : i |
v
‘ N 1
Y 60
1235
R
I T
4 T
¥
50350350k  $50k3503560 1.3k3 1.3k 105 675 3263675 50 15k$1k 315k

o0—
<

m

m

See General |nformation section for packaging.
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MC1694 (continued)

ELECTRICAL CHARACTERISTICS

so Qo s Qi s2 Q2 s3 Q3
. o 2 13 10 12 3 ) 6 5
This MECL 111 circuit has been designed to T
meet the dc specifications shown in the s S S <
test table, after thermal equilibrium has o1 14 9 a Q Q
i 02 15 6 ar—po at—po a o
been established. The package should be
housed in a suitable heat sink (IERC-LIC-
214A2WCB or equivalent) or a transverse © a < a C a c q L SUFFIX
air flow greater than 500 linear fpm should T T I_ CERAMIC PACKAGE
Mgt ! S A Clock 7
be maintained while the circuitis either ina  q... o 1 { 1 CASE 620
test socket or is mounted on a printed
circuit board. Test procedures are shown
for selected inputs and selected outputs.
The other inputs and outputs are tested in
a similar manner. Outputs are tested with
a 50-ohm resistor to -2.0 Vdc. See general
information section for complete thermal
data.
TEST VOLTAGE VALUES
@ Test
Temperature | ViHmax | ViLmin | ViHAmin| ViLAmax | VEE
-30°% [ -0875 | -1890 | -1.180 | -1515 | -52
+26°C | -0.810| -1.850 | -1.095 | -1.485 | -52
+85°C | -0.700 [ -1.830 [ -1.025 | -1.440 | -52
o MC1694L TEST VOLTAGE APPLIED TO
Under -30°C +25°C +85°C PINS LISTED BELOW:
Characteristic Symbol Test Min Max Min Max Min Max Unit | ViHmax [ Vitmin [ViHAmin|ViLAmax | Ve | Gnd
Power Supply Drain Current e 8 - - - 200 - - mAdc 9 - - - 8 1,16
Input Current lin H 9 - - - 10 - - mAdc 9 - - - 8 1.16
7 - - - 0.750 - 7 - - -
236.10 - - - 06 - . - - -
1415 - - - 0.5 - - . - - -
hn L 2.9 - - 0.5 - - - uAdc - R - - 8 116
2.3.6.10 - - 05 - - - - . - - *
14,15 - - 0s - - - - . - -
Logic 1" Output Voltage VoH |4.5.1213 [-1.045 | -0875 | -0960 | -0.810 [-0890 ] -0.700 | vac [0) 9 - - 8 1,16
Logic 0" Output Voltage VoL |4.5.1213 |[-1.890 [ -1650 | -1850 [ -1620 |-1830 [ -1675 | vdc @ 123610 - - 8 1,16
Logic 1" Threshold Voltage | Vona [4.5.12.13 |-1.065 - -0.980 - -0.910 - Vdc - - [©) 9 8 1.16
Logic "0 Threshold Voltage | VoLa |4.5.1213 - -1.630 - -1.600 - -1.556 | Vvdc - |23610 @ - 8 1,16
AC Characteristics Puise In [PulseOut [-32V | +20V
Clock Delays (50 $2 Loads) 17ex+ | 4.51213 10 32 10 30 10 34 ns - - 7 X 8 116
t7ex- 451213 10 32 10 30 1.0 34 ns - 7 X 8 1,16
Set Delay tysx+ [4.5.1213 [ 20 39 2.0 37 2.0 41 ns = - Y X 8 1,16
Reset Delay tgex- |451213 | 20 39 2.0 37 2.0 a1 ns — - 9 X 8 1,16
Rise Time txs 451213 1.0 29 10 27 10 EX] ns - - X X 8 116
Fall Time tx. 451213 10 28 1.0 26 10 30 ns = - 9 X 8 1,16
Shift Rate ® 240 - 275 - 250 - MHz - - - - - -

*Individually apply V| or V| to input under test.
X-Pin45120r13
Y - Pin2360r10

@ Reset ali four flip-tiops by applying Paj to pin 9

@ Set all four flip-tlops by applying Pay to pins 2,3,6,
and 10 simultaneously
@ Reset all tour fhiptiops by applying Pa2 to pin 10

ViH
Par |
ViL

4-86

@ Set all tour tlip-tlops by applying PA2 to pins 2,3,6,
and 14 simultaneously. .

——ViHA
Paz T L
A2 ViLa

(©) See Figure 1 for shift frequency test circuit.




MC1694 (continued)

FIGURE 1 — SHIFT FREQUENCY TEST CIRCUIT

Vin Vout
+2.0 Vdc 9
All input and output cables to
the scope are equal lengths of Coax _L Coax
50-ohm coaxial cable. 0.1 2
nFI M
50 =
Clock Input 50
100 100
100

1/4 MC1662
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[ Mesa3L \L

DUAL SENSE AMPLIFIER

MONOLITHIC DUAL MECL CORE
MEMORY SENSE AMPLIFIER

... a dual dc coupled sense amplifier providing output levels com-
patible with emitter-coupled logic levels. The MC1543L offers
adjustable threshold and excellent threshold stability over a wide
range of power-supply voltage variation.

® Input Threshold — Adjustable from 10 to 40 mV
(Positive or Negative Signals)

® Both OR and NOR Outputs Available

® Low Power Dissipation

® Threshold Insensitive VcC or VEE Voltage Variation

® Each Amplifier is Separately Strobed

DUAL MECL
CORE MEMORY
SENSE AMPLIFIER
INTEGRATED CIRCUIT

MONOLITHIC SILICON
EPITAXIAL PASSIVATED

14

-

1 i
(top view)

CERAMIC PACKAGE
CASE 632
TO-116

CIRCUIT SCHEMATIC
" 13 (THAESHOLO AOJUST)
) vee GND. ? Viet
264 600 600 164
26 16k
( 240 : _( 24 )_J
-
500 w3 s 03903303 fa3n g s
! 4 {
4 L% !
< | (1 { t | R
STROBE a4 —e
Taoeen T dor A 4 N staoue s
Al
, = = —
wors 20 200 N 200 200 A,
3 4
S it J
3 i
b 4
500 2000 500 100 03 500 104 3500 100 500: 2050 500,
58 oureursdg vee O 88 oureurs &g
A ar Fal
Normally Normally Notmally Normally
Low HIGH HIGH Low

See General Information section for packaging




MC1543L (continued)

MAXIMUM RATINGS (T4 = +25°C unless otherwise noted.)

Rating Symbol Value Unit

Power Supply Voltage Vee +10 Vde

VEE -10 Vdc

Differential input Voltage Vip 15.0 Vdc

Common-Mode Input Voltage Vicm +5.0 Vdc

Load Current IR 25 mA

Power Dissipation (Package Limitation) Pp .

Ceramic Dual-In-Line Package 1000 mw
Derate above T 5 = +25°C 6.7 mw/°C

Operating Temperature Range Ta -55to +125 oc

Storage Temperature Range Tsig -65 to +150 °c

ELECTRICAL CHARACTERISTICS (Each Amplifier) (Vcc = +6.0 Vdc £5%, VEE = -5.2 Vdc £5%, Vet = 0.54 V £1%,
Ta = +25°C unless otherwise noted.)

Characteristic Fig.No. Symbol Min Typ i Max Unit

Input Threshold Voltage 8 VTH 17 20 23 mV
Power Supply Currents 6 Icc - 95 12 mAdc
(V2=V3=V11=V12=V4=0) 6 Iee - 26.5 33 mAdc
Input Bias Current 7 1] = 3.5 10 KAdc
input Offset Current 7 o - 0.05 0.5 uAdc
Output Voltage High 9 VOH -0.85 -0.8 -0.67 Vdc
Output Voltage Low 9 VoL - -1.7 -1.46 Vdc
Strobe Threshold Level 10 VsT — -1.30 - Vdc
Strobe Input Current High 10 ISH — 25 50 unAdc
Strobe Input Current Low 10 IsL - 0.01 0.1 uAdc
Input Common Mode Range 14 VCMR 3.0 4.0 - Vdc
Input Threshold Range (by varying V ef) 8 VTHR - 1040 - mV
Power Dissipation 6 Pp — 185 230 mwW

Reference Supply Input Current (Pin 13) 6 Iref - 10 40 uA

SWITCHING CHARACTERISTICS

Propagation Delay (Input to Output) 1 10 - 28 35 ns

Propagation Delay (Strobe to Output) 12 tsO - 16 20 ns

Strobe Release Time 12 tSR — 18 30 ns

Recovery Time (Differential-Mode) 13 tDR - 10 15 ns

(ejn = 400 mVdc)
Recovery Time (Common-Mode) 14 tCMR - 3.0 15 ns
(ejn = 3.0 Vdc)
Strobe Width Minimum 12 ts - 8.0 - ns
TEMPERATURE TESTS (-55°C to +125°C)
Input Threshold Voltage 8 VTH mv
TA = -55°C 18 215 25
Ta =+125°C 15 18.5 22

Input Bias Current 7 hg 2.2 7.0 20 KAdc
Input Offset Current 7 ho 0.02 0.1 1.0 wAdc




MC1543L (continued)

EQUIVALENT CIRCUIT

STROBE

5
2 \
PULSE
AMP|

>

INPUTS,

DISCRIMINATOR
LEVEL SHIFTER

T

13
REFERENCE o
VOLTAGE

GAIN
REGULATOR

AN

1
PULSE

INPUTS AMPL

>___

7

DISCRIMINATOR
LEVEL SHIFTER

5 "NOR*
MECL
GATE OUTPUTS
§ “0R"
GATE
BIAS
8 “0R"”
MECL
GATE ouTPUTS
9 “NOR™

STROBE

VTH, INPUT THRESHOLD (mV)

VTH, INPUT THRESHOLD (mV)

TYPICAL CHARACTERISTICS
(Ve = +5.0 Vdc, VEE = -5.2 Vdc, V,ef set for 20 mV Threshold, T4 = +25°C unless otherwise noted.)

FIGURE 1 — TYPICAL INPUT THRESHOLD

versus TEMPERATURE
2%
22
-
\
\
20# \\
~—]
\\

18

16
-55 -50 =25 +25 +50 +15 +100 +125

Ta. AMBIENT TEMPERATURE (°C)

FIGURE 3A — TYPICAL INPUT THRESHOLD versus Vcc

2
24,

16L
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5.0 55 6.0 6.5

vcce. POSITIVE SUPPLY VOLTAGE (VOLTS)

VTH. INPUT THRESHOLD (mV)

VTH. INPUT THRESHOLD (mV)

FIGURE 2 — TYPICAL INPUT THRESHOLD
versus REFERENCE VOLTAGE

voltage for 20 mV
Threshold: Vref = 0.540 Volt

I

04 06 08 1.0

Vet REFERENCE VOLTAGE (VOLTS)

1.2

FIGURE 3B — TYPICAL INPUT THRESHOLD versus VEg

24
22|
——
20|
16|
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VEE. NEGATIVE SUPPLY VOLTAGE (VOLTS)



MC1543L (continued)

&0

TYPICAL CHARACTERISTICS (continued)
(Veg = +6.0 Vdc, VEE = -5.2 Vdc, V(ef set for 20 mV Threshold, Ta = +25°C unless otherwise noted.)

FIGURE 4 — TYPICAL INPUT THRESHOLD
versus INPUT PULSE WIDTH

60

&

N

N

~
=]

Vih, INPUT THRESHOLD VOLTAGE (mV)

Unless otherwi

Vref should be set for
20 mV threshold

(Vref = 0.4 V)

20

30

0

t, INPUT PULSE WIDTH (ns)

+5.0 Vde Vief
1
) . 13
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14 LO—

—O 2to—9¢
O nro——¢
—o 00—+
= 7 =

-5.2Vde

50

80

QUTPUT VOLTAGE (VOLTS)

FIGURE 5 — INPUT-OUTPUT TRANSFER
CHARACTERISTICS (one output)

-0.5
“NOR” Output
-1.0
-1.5
—{|l-0.5 mV Transition Width
-2.0f i D I,
-40 -30 -20 -10 0 +10 +20 +30 +4

TEST CIRCUITS
(Vge = +5.0 Vdc, VEE = 5.2 Vdc, Vgt =054 V, Tp = +25°C unless otherwise noted.)

FIGURE 6 — POWER SUPPLY CURRENT DRAIN

FIGURE 8 — INPUT THRESHOLD LEVEL

to voltmeter
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FIGURE 9 — OUTPUT VOLTAGE LEVELS
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MC1543L (continued)

TEST CIRCUITS (continued)

FIGURE 10 — STROBE THRESHOLD LEVEL FIGURE 11 — PROPAGATION DELAY —
STROBE INPUT CURRENTS INPUT TO OUTPUT
+5.0 Vdc +5.0 Vde Veet
(to dual-trace
oscilloscope)

<
5.1 k:’
13

JL

1
B! 1 3
b &
1.0k
> Precision o-e
H)
(to dual-trace
= de oscilloscope)
125V smy 25V
INPUT tpLH < 20 ns

QUTPUT

FIGURE 12 — PROPAGATION DELAY — STROBE TO FIGURE 13 — DIFFERENTIAL MODE RECOVERY TIME
OUTPUT and STROBE RELEASE TIME (See definition section)
+5.0 Vdc Vret +5.0 Vdc Vet

(to dual-trace (to oilloscope) ) {to oscilloscope)
oscilloscope) 1

5“‘4' £1% oc 1

INPUT 13 _—z 2 13
4 noo -
noou 0 L
P4 e O4 3 =
513 ¢1% 03 1210
1 —o]z 1w p—o° g !
= = 400 mV

peak L 9
< <
s 5 lo-e sig

AAA,
VWA—

i

(to oscittoscope)
(to dual-trace 8.2 Vde

~5.2Vdc oscilloscope) = = - =
—0.7V

DIFFERENTIAL 400 mV

STROBE 50% INPUT
INPUT N v tPLH = 10 ns
ouTPUT 5%
TPy STROBE tPLH =20ns v
S0 'SR ouTPUT ‘08 '




MC1543L (continued)

TEST CIRCUITS (continued)

FIGURE 14 — COMMON MODE RECOVERY TIME
COMMON MODE INPUT RANGE
(See definition section)

+5.0 Vde Vret
{to oscilloscope) | (to oscilloscope)
1
J;——O- 2 13
p—O- 1 1 -O—_L
—o3 =
g Y PO
30V 4
posk | 9
351 slo-e 35
7
- -5.2 Vde {to oscilloscope) =
30V
COMMON
MODE
INPUT  tPLH =10 ns
STR t =2.0ns
0BE 'PLH 17V
OUTPUT ‘

100 mV
max

DEFINITIONS

110 Input Offset Current — The difference between amplifier
input current values |l14 — l2a| or |l1g — l28)

igH Strobe High Current — The amount of input current when
the strobe pin is grounded.

IsL Strobe Low Current — The leakage current when the strobe
input is tied to the negative supply.

— The d in the

Pp Power Dissi
unit.

of power dissip

tcMR Common-Mode Recovery Time — The minimum time by
which the strobe input may follow the high level common
mode input signal without causing a signal to appear at the
amplifier output.

tpR Differential-Mode Recovery Time — Differential recovery
time, the minimum time by which the strobe input may
follow the high level diff ial input signal with i
8 signal to appear at the amplifier output.

tj0 Propegation Delay, Amplifier Input to Amplifier Output —
The time required for the amplifier output to reach 50% of
its final value as referenced to 50% of the level of the pulse
input.(Amplifier input = 26% over set threshold or approxi-
mately 26 mVdc.)

tg Strobe Width — The amount of time the strobe must be high
to obtain 8 given output. Minimum strobe width is thet min-
imum time required to cause the output to complete a full
swing VoL to Vo or VOH to VoL.

5-8

tso Propagation Delay, Strobe Input to Amplifier Output — The
time required for the amplifier output pulse to achieve 50%
of its final value referenced to 50% of the strobe input pulse
at pins 4 or 10.

tgR Strobe Release Time — The time required for the output to
change to 50% of its swing after the strobe reaches 50% of

its level going low. A dc level of 50 mV is the input signal.

VcMR Maximum Common-Mode Input Range — The common-mode
input voltage which causes the output voltage level of the
amplifier to change by 100 mV (strobe high).

VoH Output Voltage High — The high-level output voltage st pins
6 and 8 with no input — or at pins 5 and 9 with input
above threshold.

VoL Output Voitage Low — The low-level output voltage st pins
5 and 9 with no input — or at pins 6 and 8 with input sbove
threshold.

VsT Strobe Threshold Level — The voitage at which the strobe
turns the amplifier to the ON state.

VTH Input Threshold — Input pulse amplitude at pins 2, 3, 11, or
12 that causes the output gate to just reach its new value,
VoL or VOH-

VTHRInput Threshold Range — The maximum spread of input
threshold level that can be attained by varying the threshold
voltage reference, V ef.



‘ NEGATIVE VOLTAGE REGULATORS
[ Me1900c  \

Series

MC7900C SERIES THREE-TERMINAL
NEGATIVE VOLTAGE REGULATORS

The MC7900C Series of fixed output negative voltage regulators
are intended as complements to the popular MC7800C Series devices.
These negative regulators are available in the same seven-voltage
options as the MC7800C devices. In addition, two extra voltage
employed in MECL systems are also available
in the negative MC7900C Series.

Auvailable in fixed output voltage options from -2.0 to -24 volts,
these regulators employ current limiting, thermal shutdown, and
safe-area compensation — making them remarkably rugged under
most operating conditions. With adequate heat-sinking they can
deliver output currents in excess of 1.0 ampere.

options commonly

o No External Components Required
® Internal Thermal Overload Protection
@ |nternal Short-Circuit Current Limiting

THREE-TERMINAL
NEGATIVE FIXED
VOLTAGE REGULATORS

MONOLITHIC SILICON
INTEGRATED CIRCUITS

O]

GND  OUTPUT
® (€
3

K SUFFIX
e Output Transistor Safe-Area Compensation METAL PACKAGE ferchd
® Packaged in the Plastic Case 199-04 (Tg‘;ss‘:"e)
(Pin Compatible with the VERSAWATT' or T0-220)
Or Hermetic TO-3 Type Metal Power Package (botiom view!
SCHEMATIC DIAGRAM
P SUFFIX
PLASTIC PACKAGE
CASE 199-04
. _ GND
243k 2V
14.73% 2x| 2k$ g3 OP
TION Pin 1 GND (B)
. e Pin 2 Output (E)
. 1K : a4k R1 Pin 3 Input (C)
12 12k 4k :
* 18k 16k3 | Heat sink surface connected
Y | to pin 3.
A
A2
v STANDARD APPLICATION
o
10k
x 3 or Case
t Input Output
20 pF
| g { Cine
f 10pF | 10k 0.3 uF co'*
N l v _
2k (‘ 20k 20k H 240 =
11k 03
A common ground is required between the
750 Vin input and the output voitages. The input volit-

age must remain typically 2.0 V more negative
even during the high point on the input ripple
voltage.

XX = these two digits of the type number indi-

cate voltage.
* =Cjn is required if regul is I d an
appreciable distance from power supply
DEVICE TYPE/NOMINAL OUTPUT VOLTAGE filter.
MC7902C - 2.0 Volts MC7906C - 6.0 Volts MC7915C - 15 Volts ** =Cp improves stability and transient re-
MC7905C - 5.0 Volts MC7908C - 8.0 Volts MC7918C - 18 Volts sponse.
MC7905.2C - 5.2 Volts MC7912C - 12 Voits MC7924C - 24 Volts
e of Radio Cor of Americe.

5-9




MC7900C Series (continued)

MC7900C Series MAXIMUM RATINGS (T 5 = +25°C unless otherwise noted.)

Rating Symbol Value Unit
Input Voltage (2.0 V — 18 V) Vin =35 Vde
(24 V) —40
Power Dissipation and Thermal Characteristics
Plastic Package
Ta = +25°C Pp 2.0 Watts
Derate above Tp = +25°C 10 )8 20 mw/°C
Thermal Resistance, Junction to Air 27N 50 ocw
Tc = +25°C Pp 15 Watts
Derate above Tc = +95°C (See Figure 1) 1/6 ¢ 500 mW/°C
Thermal Resistance, Junction to Case 04c 2.0 °cw
Metal Package
Ta = +25°C Po 25 Watts
Derate above Tp = +25°C 116 4A 286 mW/°C
Thermal Resistance, Junction to Air 6JA 35 °cw
T = +25°C Po 15 Watts
Derate above T¢ = +65°C 1194c 250 mw/°C
Thermal Resistance, Junction to Case 9)c 4.0 ocw
Storage Junction Temperature Range Tstg -20to +150 °c
Operating Junction Temperature Range Ty Oto +125 °c
MC7902C ELECTRICAL CHARACTERISTICS (V,, = -10 V, ig = 500 mA, 0°C < T j < +125°C unless otherwise noted.)
) Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +256°C) Vo -1.92 -2.00 -2.08 Vdc
Input Regulation Reg;,, mV
(Ty = +25°C, Ig = 100 mA)
-7.0 Vdc > Vi >-25 Vdc - 8.0 20
-8.0 Vdc 2> Vi 2>-12 Vdc - 4.0 10
(Ty = +25°C, Ig = 500 mA)
-7.0 Vdc 2V, 2-25 Vdc - 18 40
-8.0 Vd¢ 2> Vi, 22-12 Vdc - 8.0 20
Load Regulation Regjoad mV
Ty = +25°C, 5.0 mA <Ip<15A - 70 120
250 mA <Ig <750 mA - 20 60
Output Voitage Vo -1.90 - -2.10 Vdc
-7.0 Vdc > Vjn 2>-20 Vde, 5.0mA <Ig S 1.0 A, P15 W
Quiescent Current (T = +25°C) I - 43 8.0 mA
Quiescent Current Change alg mA
-7.0 Vdc 2> V;, > -25 Vdc - - 13
50mA<KIp<K15A - - 0.5
Output Noise Voltage (T = +25°C, 10 Hz <f < 100 kHz) VN - 40 - mv
Long-Term Stability aVoplat - - 20 mV/1.0k Hrs
Ripple Rejection (Ig = 20 mA, f = 120 Hz) RR - 65 - d8
Input-Output Voltage Differential [Vin-Vol - .35 - Vdc
10=1.0A,T,=+25°C
Average Temperature Coefficient of Output Voltage TCVo - -1.0 - mv/°c
10 =5.0mA, 0°C <Tp <+125°C
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MC7900C Series (continued)

MC7905C ELECTRICAL CHARACTERISTICS (Vj, = -10V, Ig = 500 mA, 0°C < T ;< +125°C, unless otherwise noted.)

lo =5.0mA, 0°C T4 <+125°C

Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo 4.8 -5.0 -5.2 vdce
input Regulation Regin mVv
(Ty =+25°C, Ig = 100 mA)
-7.0 Vdc 2> Vin 2-25 Vdc - 7.0 50
-8.0 Vdc > Vi =>-12 Vdc - 20 25
(T = +25°C, 10 = 500 mA)
-7.0 Vdc 2> Vjn 2-25 Vdc - 35 100
-8.0 Vdc > Vi >-12 Vdc - 8.0 50
Load Regulation Regjoad mV
Ty=+25°C,50mA<Ip<15A - 1" 100
250 mA < 1g <750 mA - 40 50
Output Voltage Vo -4.75 - -5.25 Vdc
-7.0 Vdc 2> Vi 2-20 Vdc, 5.0 mA <19 <1.0A, P15 W
Quiescent Current (T = +25°C) g - 43 8.0 mA
Quiescent Current Change alg mA
-7.0 Vdc 2>V, >>-25 Vdc - - 1.3
50mA<Ig<15A - - 05
Output Noise Voltage (T = +25°C, 10 Hz <f <100 kHz) VN - 40 - N
Long-Term Stability AVg/at - - 20 mV/1.0k Hrs
Ripple Rejection (Ig = 20 mA, f = 120 Hz) RR - 70 - d8
Input-Output Voltage Differential |Vin-Vol - 20 - vdc
10 =1.0A, Ty=+25°C
Average Temperature Coefficient of Output Voltage TCVo - -1.0 - mv/°C
10 =5.0mA, 0°C < T <+125°C
MC7905.2C ELECTRICAL CHARACTERISTICS (V;, =-10 V, Ig = 500 mA, 0°C < T ; < +125°C, unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo -5.0 -5.2 -5.4 vde
Input Regulation Regjn mVv
(Ty = +25°C, Ig = 100 mA)
-7.2 Vdc 2 Vi, 2>-25 Vdc - 8.0 52
-8.0 Vdc 2> Vi 2>-12 Vdc - 22 27
(Ty = +25°C, Ig = 500 mA)
-7.2 Vdc 2>V, 2-25 Vdc - 37 105
-8.0 Vdc > Vi =>-12 Vdc - 8.5 52
Load Regulation Regjoad mV
Ty=+25°C,56.0mA<Ip<15A - 12 105
250 mA <1 <750 mA - 4.5 52
Outpyt Voltage Vo -4.94 - -5.46 Vdc
-7.2 Vdc 2> Vjn 2-20 Vdc, 5.0 mA <1g <1.0A,P<I5W
Qui Current (T = +25°C) I8 - 4.3 8.0 mA
Quiescent Current Change Alg mA
-7.2 Vdc¢ 2 Vjn 2-26 Vdc - - 1.3
50mAKIp<15A - - 05
Output Noise Volitage (T4 = +26°C, 10 Hz <f <100 kHz) VN - 42 - uv
Long-Term Stability AVop/at - - 20 mV/1.0k Hrs
Ripple Rejection (i = 20 mA, f = 120 Hz) RR - - d8
Input-Output Voltage Differential IVin-Vol - 20 - Vdc
10 =1.0A,T=+25°C
Average Temperature Coefficient of Output Volitage TCVo - -1.0 - mv/°C




MC7900C Series (continued)

MC7906C ELECTRICAL CHARACTERISTICS (Vi = -11 V, Ig = 500 mA, 0°C < T < +125°C unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo -5.75 -6.0 -6.25 vdc
Input Regulation Regin mV
(Ty =+25°C, Ig = 100 mA)
-8.0 Vdc > Vi >-25 Vdc - 9.0 60
-9.0 Vdc > Vijn >-13 Vdc - 3.0 30
(T = +25°C, Ig = 500 mA)
-8.0 Vdc > Vi >-25 Vdc - 43 120
-9.0 Vdc > Vi =>-13 Vdc - 10 60
Load Regulation Regjoad mv
Ty=+25°C,50mA<Io< 15A - 13 120
250 mA <lg < 750 mA - 5.0 60
Output Voltage Vo -5.7 - -6.3 Vdc
-8.0 Vdc > Vi, >-21 Vdc, 5.0 mA <19 <1.0A, P15 W)
Quiescent Current (T = +26°C) g - 4.3 8.0 mA
Quiescent Current Change Alg mA
-8.0 Vdc 3>V, =>-25 Vdc - - 1.3
50mA<Ig<15A - - 0.5
Output Noise Voltage (T = +25°C, 10 Hz <f <100 kH2) VN - 45 - uv
Long-Term Stability AVg/at - - 24 mV/1.0k Hrs
Ripple Rejection (g = 20 mA, f = 120 Hz2) RR - 65 - dB
Input-Output Voltage Differential IVin-Vol| - 20 - Vdc
10=1.0A,T;=+25°
Average Temperature Coefficient of Output Voltage TCVo - -1.0 - mv/°C
10 =5.0mA, 0°C <Tp <+125°C
MC7908C ELECTRICAL CHARACTERISTICS (Vi = -14 V, 19 = 500 mA, 0°C < T j < +125°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo =77 -8.0 -8.3 Vdc
Input Regulation Regin mV
(Ty=+25°C, 19 = 100 mA)
-10.5 Vdc 2> Vin 2-25 Vdc - 12 80
-11 Vdc 2 Vjp 2> -17 Vdc - 5.0 40
(Ty=+25°C, 10 = 500 mA)
-10.5 Vdc > Vi, 2-25 Vdc - 50 160
=11 Vdc 2 Vjp 2 -17 Vdc - 22 80
Load Regulation Regjoad mvV
Ty=+25°C,5.0mA<Ig<15A - 26 160
250 mA < 1p <750 mA - 9.0 80
Output Voltage Vo -7.6 - -8.4 Vdc
-10.5 Vdc 2=V, 2-23Vdc, 5.0mA<Igo < 1.0A,PKISEW
Quiescent Current (T = +25°C) g - 43 8.0 mA
Quiescent Current Change alg mA
-10.5 Vdc >V, >-25 Vdc - - 1.0
50mA<lg<15A - - 05
Output Noise Voltage (T4 = +25°C, 10 Hz <f <100 kHz) VN - 52 - uv
Long-Term Stability AVp/at - - 32 mV/1.0k Hrs
Ripple Rejection (Ig = 20 mA, f = 120 Hz) RR - 62 - dB
Input-Output Voltage Differential [Vin-Vol - 2.0 - Vdc
10=1.0A, Ty=+25°C
Average Temperature Coefficient of Output Voltage TCvo - -1.0 - mv/°C
10 =6.0mA, 0°C <Tp <+125°C

5-12




MC7900C Series (continued)

MC7912C ELECTRICAL CHARACTERISTICS (V;, = -19 V, Ig = 500 mA, 0°C < T ;< +125°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo -115 -12 -125 vdc
Input Regulation Regin mV
(Ty = +25°C, 19 = 100 mA)
-14.5 Vdc > Vi >-30 Vdc - 13 120
-16 Vdc > Vi >-22 Vdc - 6.0 60
(Ty = +25°C, Ig = 500 mA)
-14.5 Vdc > Vi, >-30 Vdc - 55 240
-16 Vdc > Vi, >-22 Vdc - 24 120
‘Load Regulation Regjoad mv
Ty=+25°C,6.0mA<Ig< 15 A - 46 240
250 mA <1p <750 mA - 17 120
Output Voltage Vo -11.4 - -126 Vdc
-14.5 Vdc > Vi 2>-27 Vdc, 5.0 mA <Ig <1.0A,P<15W
Quiescent Current (T = +25°C) [ - 4.4 8.0 mA
Quiescent Current Change Alg mA
-14.5 Vdc >V, 2>-30 Vdc - - 1.0
50mA<Ig<15A - - 05
Output Noise Voltage (T = +25°C, 10 Hz <f < 100 kHz) VN - 75 - uVv
Long-Term Stability AVp/at - - 48 mV/1.0k Hrs
Ripple Rejection (Ig = 20 mA, f = 120 H2) RR - 61 - dB
Input-Output Voltage Differential IVin-Vol - 20 - Vdc
lo=10A,T,=+25°C
Average Temperature Coefficient of Output Voltage TCVo - -1.0 — mVv/oC
10 =5.0mA, 0°C <Tp <+125°C
MC7915C ELECTRICAL CHARACTERISTICS (V;, = -23 V, Ig =500 mA, 0°C <T ;< +125°C, unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo -14.4 -15 -15.6 Vdc
Input Regulation Regin mV
(Ty = +25°C, 19 = 100 mA)
-17.5 Vdc 2 Vi, =>-30 Vdc - 14 150
-20 Vdc > Vi, >-26 Vdc - 6.0 75
(Ty = +25°C, 10 = 500 mA)
-17.5 Vdc > Vj, >-30 Vdc - 57 300
-20 Vdc 2> Vi, =>-26 Vdc - 27 150
Load Regulation Regjoad mV
Ty =+25°C,50mA<Ig<15A - 68 300
250 mA <1 <750 mA - 25 150
Output Voltage Vo -14.25 - -15.75 Vdc
-17.5 Vdc 2 Vi 2-30 Vdc, 5.0 mA <Ig <1.0A, P 1I5W
Quiescent Current (T = +250°C) g - 4.4 8.0 mA
Quiescent Current Change alg mA
-17.5 Vdc 2> Vi, 2-30 Vdc - - 1.0
SOmMAKIpK15A - - 05
Output Noise Voltage (Ta = +269C, 10 Hz <f <100 kHz) VN = 90 = BV
Long-Term Stability AVp/at - - 60 mV/1.0k Hrs
Ripple Rejection (Ig = 20 mA, f = 120 Hz2) RR - — dB8
Input-Output Voltage Differential IVin-Vo - 20 - vde
Io=10A,Ty=+25°C
Average Temperature Coefficient of Output Voltage TCVo - -10 - mV/C
10 =5.0mA, 0°C €Tp <+125°C




MC7900C Series (continued)

MC7918C ELECTRICAL CHARACTERISTICS (V;, = -27 V, Ig = 500 mA, 0°C < T j < +125°C, unless otherwise noted.)

10 =5.0mA, 0°C <Tp <+125°C

Characteristic Symbeol Min Typ Max Unit
Output Voltage (T = +25°C) Vo -17.3 -18 -18.7 Vde
Input Regulation Regin mV
(Ty = +25°C, 10 = 100 mA)
-21 Vdc > Vi, >-33 Vdc - 25 180
-24 Vdc 2> Vi, 2>-30 Vdc - 10 90
(Ty = +259C, 1 = 500 mA)
-21 Vdc > Vi, >>-33 Vdc - 90 360
-24 Vdc =V, >-30 Vdc - 50 180
Load Regulation Regjoad mVv
Ty=+25°C,50mA <Ig<1.0A - 110 360
250 mA <lg <750 mA - 55 180
Output Voltage Vo -171 - -18.9 Vdc
-21 Vdc > Vj, >-33 Vde, 5.0 A <1g <1.0A, P 15W
Quiescent Current (T = +25°C) Ig - 45 8.0 mA
Quiescent Current Change alg mA
-21 Vdc 2>V, >-33 Vdc - - 1.0
50mA <Ig<10A - - 05
Output Noise Voltage (T = +25°C, 10 Hz <f <100 kHz) VN - 10 - n%
Long-Term Stability AVp/at - - 72 mV/1.0k Hrs
Ripple Rejection (Ig = 20 mA, f = 120 Hz) RR - 59 - d8
Input-Output Voltage Differential IVin-Voli - 20 - Vdc
10=1.0A, Ty =+25°C
Average Temperature Coefficient of Output Voltage TCVp - -1.0 - mV/°C
10 =5.0mA, 0°C <Tp <+125°C
MC7924C ELECTRICAL CHARACTERISTICS (V;, = -33 V, Ig = 500 mA, 0°C < T j < +125°C, unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo -23 -24 -25 vde
Input Regulation Regin mV
(Ty = +25°C, Ig = 100 mA)
-27 Vdc 2>V 2>-38 Vdc - 31 240
-30 Vdc 2 Vj, =>-36 Vdc - 14 120
(Ty = +25°C, Ig = 500 mA)
-27 Vdc 2> Vi 2>-38 Vdc - 118 480
-30 Vdc 2>V, 2>-36 Vdc - 70 240
Load Regulation Regjoad mVv
Ty =+25°C,50mA <10 <1.0A - 150 480
250 mA <lg <750 mA - 85 240
Output Voltage Vo -228 - -26.2 Vdc
-27 Vdc > Vi >-38 Vdc, 5.0 mA <lg <1.0A, P15 W
Quiescent Current (T = +25°C) g - 46 8.0 mA
Quiescent Current Change Alg mA
-27 Vdc 2>V, >-38 Vdc - - 1.0
50mA <lg<1.0A - - 05
Output Noise Voltage (Tp = +259C, 10 Hz <f <100 kHz) VN - 170 - uVv
Long-Term Stability AVp/at - - 96 mV/1.0k Hrs
Ripple Rejection (Ig = 20 mA, f = 120 Hz) RR - 56 - dB
Input-Output Voltage Differential Vin-Vol - 20 - Vdc
10=1.0A,T=+25°C
Average Temperature Coefficient of Output Voltage TCVo - -1.0 - mv/oC
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MC7900C Series (continued)

TYPICAL CHARACTERISTICS
(TA = +259C unless otherwise noted.)

FIGURE 1 — MAXIMUM AVERAGE POWER DISSIPATION AS FIGURE 2 —- MAXIMUM AVERAGE POWER DISSIPATION AS A
A FUNCTION OF AMBIENT TEMPERATURE (CASE 199-04) FUNCTION OF AMBIENT TEMPERATURE (TO-3 TYPE PACKAGE)
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MC7900C Series (continued)

TYPICAL CHARACTERISTICS (continued)

FIGURE 7 — QUIESCENT CURRENT AS A FUNCTION

OF TEMPERATURE

DEFINITIONS

Line Regulation — The change in output voltage for a change in
the input voltage. The measurement is made under conditions of

5.2
low dissipation or by using pulse techniques such that the average
\ chip temperature is not significantly affected.
E 50 \\ Load Regulation - The change in output voltage for a change in
s J load current at constant chip temperature.
w
= 48 \\ Maximum Power Dissipation — The maximum total device dissi-
3 \ pation for which the regulator will operate within specifications.
= Vin=-11V
§ 46 P Vp=-60V — Quiescent Current — That part of the input current that i1s not
& ~N 19 =20mA delivered to the load.
2
a
& 44 A, Output Noise Voltage -~ The rms ac voltage at the output, with
\\ constant load and no input ripple, measured over a specified fre-
quency range.
42
0 25 50 7% 100 125 Long Term Stability - Output voltage stability under accelerated
T3, JUNCTION TEMPERATURE (0C) life test conditions with the maximum rated voltage listed in the
devices’ electrical characteristics and maximum power dissipation.
OUTLINE DIMENSIONS
[}
'——A 8 | ¢ LEAD CONFIGURATION 8 ]
| PIN 1. GND —158%
L 2. UTPUT EFIE
CASE: INPUT 0250 2039 0.04
T I 13
H 0 [ 77 ] 1097
SEATING ' [ . 440
ey NOTE: -
] 1.0IM 0 ISDIA [y
Q
Weight = 59 grams L R o]
e = S

Leads are gold-plated copper cored Kovar*

*Trademark of Westinghouse Electric Corporation

Ground connected to cas.
Metal Package
CASE 11-01
KsuFrix

132 j(’;

NOTES
LEAI INFIGURATION 1 0IM“G”ISTO CENTER OF LEADS
PI?IE,OGNgu o PLASTIC PACKAGE
PIN 2. QUTPUT CASE 19904
PIN 3. INPUT PSUFFIX

Weght + 2 48 grams
Heat sink surface connected to pin 3
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MC7900C Series (continued)

APPLICATIONS INFORMATION

Design Considerations

The MC7900C Series of fixed voltage regulators are designed
with Thermal Overload Protection that shuts down the circuit
when subjected to an excessive power overload condition, Internal
Short-Circuit Protection that limits the maximum current the cir-
cuit will pass, and Output Transistor Safe-Area Compensation that
reduces the output short-circuit current as the voitage across the
pass transistor is increased.

In many low current applications, compensation capacitors are
not required. However, it is recommended that the regulator
input be bypassed with a capacitor if the regulator is connected

to the power supply filter with-long wire lengths, or if the output
load capacitance is large. An input bypass capacitor .should be
selected to provide good high-frequency characteristics to insure
stable operation under all load conditions. A 0.33 uF or larger
tantalum, mylar, or other capacitor having low internal impedance
at high frequencies should be chosen. If an aluminum electro-
lytic capacitor is used, its value should be 1.0 uF or larger. The
bypass capacitor should be mounted with the shortest possible
leads directly across the regulators input terminals. Normally good
construction techniques should be used to minimize ground loops
and lead resistance drops since the regulator has na external
sense lead. Bypassing the output is also recomménded.

FIGURE 8 — CURRENT REGULATOR

20V 3 2 10 1o = 200 mA
Input &——O— MC7902C .—o—,,._ovx\,_qs_e -—
+, VooV
;61.0 uF ::+1 0 uF
Gnd @ *Gnad

The MC7902, -2.0 V regulator can be used as a constant current
source when connected as above. The output current is the sum of
resistor R current and quiescent bias current as follows:

The quiescent current for this regulator is typically 4.3 mA.
The 2.0 volt regulator was chosen to minimize dissipation and to
allow the output voltage to operate to within 6.0 V below the
input voltage.

FIGURE 9 — CURRENT BOOST REGULATOR
(-5.0 V@ 4.0 A, with 5.0 A current limiting)

-10Vv 0.56 -50V
Input —4 —& Output
2N3055°
or Equiv
2
MC7905C O 4
LAN——9¢
5.6
N21.0 uF 1.0 uFS2
T ¥
Gnd @ oGnd

*Mounted on common heat sink, Motorola MS-10 or equivalent.

When a boost transistor is used, shortcircuit currents are equal
to the sum of the series pass and regulator limits, which are
measured at 3.2 A and 1.8 A respectively in this case. Series pass
limiting is approximately equal to 0.6 V/Rgc. Operation beyond
this point to the peak current capability of the MC7905C is pos-
sible if the regulator is mounted on a heat sink; otherwise thermal
shutdown will occur when the additional load current is picked up
by the regulator.

FIGURE 10 — OPERATIONAL AMPLIFIER SUPPLY
(x15V@1.0A)

*20 v +15 v
Input 1 2 Output
- MC7815C
A +
0.33 uF 7R AN1.0uF 1.0 uF>R 1N4001
3 or Equiv
Gnd @ -8 Gnd
+ +
;{Ftous %l Z10uF
— 435 2
—O MC7915C FOo——@
20 v 18 v
Input Output

The MC7815 and MC7915 positive and negative regulators may
be connected as shown to obtain a dual power supply for oper-
ational amplifiers. A clamp diode should be used at the output of
the MC7815 to prevent po ial latch-up pr
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FIGURE 11 — TYPICAL MECL SYSTEM POWER SUPPLY
(-5.2V@4.0Aand -2.0V @ 2.0 A; for PC Board)

-12v -52V
Iinput .—-1 p——o Output
1.0
2N 3055
or Equiv 3 2
— AV V\—4 MC7905.2C 3
R 47
N2 1.0 uF é 1.0 uF Xz
+ 1 +
- -20V
~AAA ® Output
4.0
2N3055
or Equiv 3 2
—O— MC7902C
R 47 <
10uFTY 51 1.0uf[+
Gnd &— ® Gnd

When current-boost power transistors are used, 47-ohm base-to-
emitter resistors (R) must be used to bypass the quiescent current
at no load. These resistors, in conjunction with the Vgg of the
NPN transistors, determine when the pass transistors begin con-
ducting. The 1-ohm and 4-ohm dropping resistors were chosen to
reduce the power dissipated in the boost transistors but still leave
at least 2.0 V across these devices for good regulation.



MCM7001L

S

RANDOM ACCESS MEMORY

MCM7001L-1

Advance Information

1024-BIT STATIC RANDOM ACCESS MEMORY

The MCM7001 memory is fabricated with high-density, highly-
reliable, N-channel, metal-gate MOS technology. The device utilizes
low-voltage inputs (except Chip Select) and on-chip address registers,
and has low power consumption. Low output capacitance and a Chip
Select input allow memory expansion without speed degradation.
The charge pump technique is used to automatically refresh all
memory cells without affecting memory access.
® Organized as 1024 Words of 1 Bit

® Access Time = 55 ns Maximum (MCM7001L)
= 75 ns Maximum (MCM7001.L-1)
® Cycle Time = 180 ns Minimum

Static Operation
Low Power Dissipation
640 uW/Bit Maximum Active
60 uW/Bit Maximum Standby
Differential Current Sinking Outputs
On-Chip Address Registers
Low-Voltage Inputs (Except Chip Select)
Chip Select for Memory Expansion
MCM7001L Direct Replacement for AMS7001

MOS

(N-CHANNEL, METAL GATE)

1024-BIT STATIC
RANDOM ACCESS
MEMORY

CERAMIC PACKAGE
CASE 694

ABSOLUTE MAXIMUM RATINGS (See Note 1)
(Referenced to most negative supply voltage, Vgx.)

PIN ASSIGNMENT

Rating Symbol Value Unit

Supply Voltages Voo -0.5t0 +25 Vdc
VREF -0.5t0 +25 Vdc

Vss -0.5t0 +10 Vdc

Input and Output Voltages VinVout | -0.5to +25 Vdc
Operating Temperature Range Ta 0to +70 Sc
Storage Temperature Range Tstg -55to +125 oc

NOTE 1: Perranent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-

Vs x 1 [ o 22 A1
a0 2 [ 21 A2
vss 3] 20 a3
NCe 4 [T 19 A4
ap 5[] 118 Vvpp
Din 6 ] 117 Doyt
we 7 [ D16 Bout
A9 8 [] 115 Veer
A8 9 [ [J1a cs
A7 10 113 NC
A 11 312 as

ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended or maximum voltages
for extended periods of time could affect device reliability.

BLOCK “’SREF
DIAGRAM
A9 8 o—— Vpp P18
A8 90 Vgg = Pin 3
A7 10 0———{ Address v Vex Pt
Butters | Decode
A6 11 O——
As  120——
7 Gutput
Datain (0,) 6 Input ang [——017 Data Out (Dgyy!
2ta 10 (On Control Sense Timing | 016 Dats Out (O, 0
Amplifier Contro! uf out
ana write
Ciecuntry
Write Enable (WE) 70—

A0 20—
a1 20— Memory
a2 210——| Address x Matrex

Butfers Decode (32 x 32)
A3 200———]

A4 190——

S iu Chip Setect (CS)
Charge Pump 1QP)

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields; however, it is advised that
normal precautions be taken to avoid applica-
tion of any voltage higher than maximum rated
voltages to this high impedance circuit.

This is advance information and specifications are subject to change without notice.
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MCM7001L,MCM7001L-1 (continued)

RECOMMENDED OPERATING CONDITIONS (Full Temperature Range)

Parameter Symbol Min Nom Max Unit
Supply Voltages Voo 14.7 16.5 16.3 v
VREF 7.0 75 8.0 \
Vss 0o 0 0 \
Vsx 2.7 -30 33 v
Logic Levels
Input High Voltage (Ap, Djn, WE) ViH 4.0 - 5.5 v
Input Low Voltage (Ap, Djy, WE) ViL -1.0 - 0.8 v
Chip Select High Voltage VesH Vpp -1.0 - Vpp +1.0 v
Chip Select Low Voltage VesL -1.0 - 1.0 \%
Charge Pump High Voltage VpH 8.0 - 12 v
Charge Pump Low Voltage VpL Vgx - 2.0 - Vgx -56.0 \
Timing (tcsr and tcgs = 10 ns)
Chip Select On Time Tcs 80 - 500 ns
Chip Select Off Time TC3 100 - - ns
Chip Select Rise Time tcsr 5.0 - 40 ns
Chip Select Fall Time tCsf 5.0 - 40 ns
Cycle Time (Read or Write) Teye 180 - - ns
Setup Time (Ap, Djn, WE) Tis 0 - - ns
Address Hold Time Tah 40 - - ns
Write Valid Time Twy Tcs+Tis - - ns
Data In Valid Time Tov Tes +Tis - - ns
Charge Pump Input Frequency ‘pump 200 - 1000 kHz
(See Figure 1 for waveform
characteristics)
DC ELECTRICAL CHARACTERISTICS (Full operating voltage and temperature range unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Input Current (A, Djp) WH - 0.4 1.0 mA
(Vi=40V,Vcg=0)
Write Enable Input Current (V| =4.0V, Vcg=0) IWH - - 10 uA
Chip Select Input Current, Average Over Operating Mode IcsH - - 10 mA
(Va =V, Teye = 180 ns)
Chip Select Low Input Current IcsL - - -1 mA
(VA=4.0V,Vcg=0)
Differential Output Sink Current 'po 0.2 - - mA
Supply Current, Unselected Mode Isxu - - -100 HA
(Ves=0) lbpu - 25 3.0 mA
IREFU - - 60 KA
Supply Current, Operating Mode Isx - —_ -400 uA
(Tcyc = 180 ns) oD = 25 35 mA
IREF - 6.0 10 mA
AC ELECTRICAL CHARACTERISTICS (Full operating voltage and temperature range unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Access Time (Ipg = 0.2 mA, tcgr = 10 ns, MCM7001L Tace = a5 55 ns
R = 100 ohms, C_ = 50 pF, Figure 2) MCM7001L-1 - - 75 ns
Address Capacitance " Ca - 5.0 6.0 pF
Write Enable Capacitance * Vi = Vss, Cwe - 5.0 6.0 pF
Data In Capacitance * f=1.0MHz Cpi - 5.0 6.0 pF
Charge Pump Input Capacitance’ Cap - 65 80 pF
Data Output Capacitance * Cpo — - 6.0 pF
(Vgs = Vgs. f = 1.0 MHz)
Effective Chip Select Capacitance (Figure 3)* CCS(EFF) - 65 80 pF

*Capacitances are periodically sampled rather than 100% tested.
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MCM7001L, MCM7001L-1 (continued)

FIGURE 1 — CHARGE PUMP OSCILLATOR WAVEFORM REQUIREMENTS

Characteristic Symbol | Min | Max | Unit
Rise Time tr 100 - ns
High Level Dwell Time | tqpH 100 - ns
Fall Time t¢ 100 | 500 | ns
Low Level Dwell Time | tqp 100 - ns
ty -l T ‘I'—-l
b QP tapL
FIGURE 2 - MEMORY TIMING DIAGRAM
Write Cycle Read Cycle
(Teye) (Teye)
VesH —————(—
Chip 90%
Select
Vesg ————10% 10%
fe—Tcs TCs tCSr —e

Tis S —
‘-TAh-|
Vin

=

-—

tcst
=TAh .‘

90%
Address Valid Don’t Care Valid Don’t Care
Vi T
Twy Wv
T)Ig— e Tis (—
ViH —
Write 90% Don’t Don't
Enabl Care
nable Vi 10% Care
Tis—™ [~
Tov
Data i 90%
Valid Don’t Care Valid
n
Vi

Data
Out
Current
o

l—Tacc ——’
02 ’“g/\

FIGURE 3 — MEASUREMENT OF EFFECTIVE CHIP SELECT CAPACITANCE

+15 Vv

The effective capacitance of the Chip Select input
terminal CCg(EFF) is determined by measuring the dif-

Cs mcm7001

ference in rise times of the voltage waveforms at point A
with and without the Chip Select terminal connected.

Ccs(EFF) =Kat,
where K = I /V (15 V)

IK = 100 mA.
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MCM7001L,MCM7001L-1 (continued)

APPLICATIONS INFORMATION

The MCM7001 static random access memory provides
the high speed and low power required for large memory
systems. Only a single clock input is required with this
memory. Data Outputand its complement can be detected
using a differential amplifier for sensing. The outputs of
several devices can be wire-ORed with no significant
degradation in speed.

Operation of the Charge Pump input is shown by the
basic memory cell in Figure 4. Assume the arbitrary state
of Q3 “on”’ and Q4 “off". In this state, C1 is charged and
C2 discharged. Over a period of time, C1 will lose its
charge due to leakage unless the charge is replenished. By
driving the charge pump devices with an oscillator of the
correct frequency, the memory will be refreshed.

The Charge Pump oscillator must operate within the
frequency and amplitude limits listed under Recommended
Operating Conditions. These frequencies and voltages pro-
vide low power consumption and static operation. The
Charge Pump input does not need to be operated syn-
chronously with any other input signal and has no effect
on access time.

The Charge Pump oscillator of Figure 5 uses the Charge
Pump input capacitance of the MCM7001 as part of a
Colpitts-type oscillator. The oscillator can drive from 8 to
64 devices in a push-pull manner by connecting half of the
RAM charge pump inputs to each end of the inductor. The
zener and resistor are used to control the oscillator ampli-
tude. The positive peak of the swing is determined by the
zener voltage and the negative swing is 0.6 V below the
Vgs voltage (-5.2 V). It is important that the maximum
voltage rating of the MC14049 feedback buffer be
observed.

Frequency of oscillation is dependent on the number
of RAMs to be driven. The inductance is determined as

1

L~ —
10n Cqp £2
where n = total number of RAMs,
CQp = charge pump capacitance, and
= frequency.

Typical values will therefore be

Frequency Number of RAMs Inductance (L)
800 kHz 8 300 uH

16 150 uH

32 75 uH

64 37 uH

Figures 6 and 7 show possible interface circuits for
driving the address and data inputs of the MCM7001. The
MC10125 MECL-to-MTTL translator is used if ECL logic
is being interfaced to the memory card; if TTL is being
used, an MTTL gate such as the MC3000 can be used. The
pullup resistor at the output is needed to meet the re-
quired ‘1" level. The extra drive circuitry shown in
Figure 6 is required to drive the normally heavy load of
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the address inputs (approximately 400 pF for a 32 k x 2
or 4 k x 16 memory board). This will maintain a fast
access measured from the address input. The circuit of
Figure 6 should also be used to drive the write enable
input. The circuit of Figure 7 is capable of driving the
four data inputs required in a 4 k x 16 memory board,
but the circuit of Figure 6 should be used if more than
four devices are being driven. Interface circuits MC3459
(Quad TTL-to-N channel) and MC10177 (triple ECL-to-N
channel) will be available in 1974 for system use.

The Chip Select driver must charge its capacitive load
with the specified rise time to maintain the fast access
time. In addition, it must supply a small dc current in
both the High and Low states. Figure 8 shows a MECL
interface circuit which will drive a load of eight devices
(one byte) to the required level of Vpp * 1.0 volt.
MECL level translation is first made through a differential
amplifier. The amplifier turns on a switch which in turn
drives the output transistors. In order to minimize rise
time and overshoot, proper line integrity and termination
must be used. Some rules for achieving this are found
in the MECL System Design Handbook.

Another approach for driving the Chip Select inputs,
although slower, is to use the MC10127 dual clock driver
for MECL systems or the MMH0026 for TTL systems.

The data outputs, Doyt and Dgyt, are current sinking
terminals and require pullup resistors. If a logic "'1" exists
in the addressed location, Doyt will sink a minimum
current of 200 uA toward ground, while Doyt is a high
impedance. If a logic 0" exists, Doyt will be a high
impedance and Dgyt sinks current. The output data from
the memory then is referenced around the supply voltage
connected to the pullup resistors.

A simple, fast, and reliable output sensing circuit is
shown in Figure 9. The PNP transistors are used to trans-
late the memory outputs to a voltage that can be detected
by the differential amplifier. The 3.6 k-ohm resistors are
used as 2.0 mA current sources that produce a 1.0-volt
drop across the 510 ohm resistors. The voltage at the data
outputs (Doyt and Doyt is fixed at one diode drop above
VREF. When one data output sinks current, less current is
available across the 510 ohm resistor and a lesser voltage
appears at that terminal of the differential amplifier
(e.g., A200 uA = A100 mV; A400 uA = A200 mV). For a
fast MECL system the MC1650 dual comparator should
be used (propagation delay = 3.5 ns). It requires a low
overdrive, low input switching current and has a latch for
data storage. If desired, the MC10115 quad line receiver
could also be used for the differential amplifier. The
MC10125 quad MECL-to-MTTL translator, which has a
propagation delay of 5.0 nscan be used as the differential
amplifier with TTL systems. If longer delays are tolerable,
the MC1514, MC3450 or MC75107 can be used.

A major advantage of the technique used in Figure 9is
that up to 16 memory outputs can be tied together
without appreciably affecting the access time.



MCM7001L,MCM7001L-1 (continued)

FIGURE 4 — BASIC MEMORY CELL

FIGURE 5 — CHARGE PUMP OSCILLATOR
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MCM7001L,MCM7001L-1 (continued)

FIGURE 7 — DATA INPUT DRIVER

Input

MECL O—1

+5.0V

1/4
MC10125

MCM7001
in

o—

FIGURE 8 — CHIP SELECT DRIVER

+15 V @-

< 10
620 MPS3646 3
or Equiv

MPS834
or Equiv

A
VWA

914

>
360 ?

MPS834
or Equiv
MECL
Input
b3
360 g
-52Ve

2N5845
or Equiv

MCM7001
M1

MCM7001
M2

MCM7001
ms8

FIGURE 9 — OUTPUT SENSE CIRCUIT
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mcm7001 =%
Dout

)
mMcm7001 - °Y"
Oou

4
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LOGIC PRODUCTS
for

PHASE-LOCKED LOOP APPLICATIONS

Motorola offers the designer a choice of specially designed integrated circuits for performing
phase-locked loop functions: phase detection, frequency division, filtering, and voltage-controlled
signal generation. In addition, the choice of circuits permits the designer to select TTL circuits
where speed is not critical (<25 MHz), or ECL circuits where high speed is required. The MC12000
series circuits will operate at either +5.0 V or -5.2 V, and translators are included where needed so
that all functions are compatible.

SPEED
DEVICE | LOGIC aye
FUNCTION NUMBER | FAMILY MHz CHARACTERISTICS
Phase-Frequency Detector MC4044 MTTL 10 Consists of two digital phase detectors,
charge pump, and amplifier
Phase-Frequency Detector MC12040 | MECL 80 Operation similar to MC4044
Voltage-Controlled Multivibrator MC4024 MTTL 25 Contains two independent voltage-
controlled multivibrators with output
buffers
Voltage-Controlled Oscillator MC1648 MECL 200 Emitter-coupled oscillator
with output levels
compatible with MECL |11
Digital Mixer/Translator MC12000 | MECL 250 A “D” flip-flop with MTTL to MECL and
MECL to MTTL translators
Two-Modulus Prescaler MC12012 | MECL 200 =2, =~5/+6, ~10/=-11, =-10/+-12
Two-Modulus Prescaler MC12013*| MECL 400 +10/11, +10/12
Counter Control Logic MC12014 MTTL 25 Used with MC12012 and MC74416
to accomplish direct high-frequency
programming
Crystal Oscillator MC12060 | MECL |100 kHz to] Provide complerhentary sine wave,
2 MHz |complementa #ECL logic levels, and
single ended TTL logic level outputs.
Fre: cy stabill ovided by external
Crystal Oscillator mc12061 | MECL |2 MHzto A A A e A oA
z

COUNTER OPTIONS

Programmable Divide By N MC74416 | MTTL 10** |0 through9
Decade Counter (MC4016)

Two Programmable Divide By N MC74417 | MTTL 10** |-+-0-1, =0 through 4
Counters

Programmable Divide By N MC74418 | MTTL 10°* -0 through 15
Hexadecimal Counter (MC4018)

Two Programmable Divide By N MC74419 | MTTL 10** -+0 through 3
Counters

Universal Counter MC4023 MTTL 30 <2 through 12 except 7 and 11

Decade Counter MC7490 MTTL 20 +2,+5,+10

Bi-Quinary Counter MC1678 MECL 325 +2,+5,+10

UHF Prescaler Type D Flip-Flop MC1690 MECL 500 +2

Universal Hexadecimal Counter MC10136 | MECL 150°** |0 to 15

Universal BCD Decade Counter MC10137 | MECL 150*** |10

Decade Counter-Divider MC14017 | McMOS 5 +10

Binary Counter MC14040 | McMOS 10 +(21)

BCD Presettable Up/Down Counter | MC14510 | McMOS 6 =+10

Binary Up/Down Counter MC14516 | McMOS 6 =16

Dual BCD Up Counter MC14518 | McMOS 6 ~+10 or +-100

Dual Binary Up Counter MC14520 | McMOS 6 =16 or --256

BCD Programmable Divide By N MC14522 | McMOS 5 -0 through 9

Binary Programmable Divide By N | MC14526 | McMOS 5 -+0 through 15

(*) To be announced.
(**) Speed can be increased to 25 MHz (typ) when used wath M012014

(***) When used as a prescaler, it is possible to extend the to over 200 MHz with the
MC10231; to 300 MHz with the MC1670; or to over 500 MHz wuth the MC1690
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VOLTAGE-CONTROLLED
OSCILLATOR

MECL 111 MC1600 series

MC1648

Numbers in parenthesis denote pin number for
F package (Case 607) L package (Case 632), and
P package (Case 646).

Input Capacitance = 6 pF typ
Maximum Series Resistance for L (External Inductance) = 50 §2 typ

The MC1648 is an emitter-coupled oscillator, construc-
ted on a single monolithic silicon chip. Output levels are
compatible with MECL 11! logic levels. The oscillator re-
quires an external parallel tank circuit consisting of the
inductor (L) and capacitor (C).

A varactor diode may be incorporated into the tank
circuit to provide a voltage variable input for the oscillator
(VCO). The MC1648 was designed for use in the Motorola
Phase-Locked Loop shown in Figure 9. This device may
also be used in many other applications requiring a fixed
or variable frequency clock source of high spectral purity
(See Figure 2).

The MC1648 may be operated from a +5.0 Vdc supply
ora -5.2 Vdc supply, depending upon system requirements.

Power Dissipation = 150 mW typ/pkg (+5.0 Vdc Supply) SUPPLY VOLTAGE GND PINS SUPPLY PINS
Maximum Output Frequency = 225 MHz typ +5.0 vdc 7.8 1,14
-5.2 Vdc 1,14 7.8
FIGURE 1 — CIRCUIT SCHEMATIC
Veec? Veer

“a

(81]

Q3 Q2
3
$—O Qutput

o1
<
¢
Qe
!k D2 Q9
&) (10) (12) @ (5
Veg Bias Pt. Tank Veg 2 AGC

Numbers in parenthesis denote pin number for F package (Case 607), L package (Case 632), and P pacxage (Case 646).

FIGURE 2 — SPECTRAL PURITY OF SIGNAL AT OUTPUT

B.W.=10kHz Scan Width = 50 kHz/div
Center Frequency = 100 MHz Vertical Scale = 10 dB/div

L: Micro Metal torroid #T20-22, 8 turns
#30 Enamled Copper wire.

C=3.0-35pF

Signal
Under
Test

*The 1200 ohm resistor-and the scope termina-
tion impedance constitute a 25:1 attenuator
probe. Coax shall be CT-070-50 or equivalent.
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MC1648 (continued)

ELECTRICAL CHARACTERISTICS

(10)
Supply Voltage = +5.0 valts (12) TEST VOLTAGE/CURRENT VALUES
(Voits) mAde
@ Test
Temperature | VIH max ViL min Vec \[Y
-30°C +1.960 +1.410 5.0 -50
+25°C +1.800 +1.300 5.0 50
+95°C +1.680 +1.180 50 -50
e MC 1648 Test Limits TEST VOLTAGE/CURRENT APPLIED TO
Vot T30°C 5% PINS LISTED BELOW: vee
Characteristic Symbol Test Min Max Min Max Unit VIH max VIL min Vee " (Gnd)
Power Supply Dran Current 3 8 - ot bl 40 - bl mAdc - - 1,14 - 7.8
Logic "1 Vo 3 394 418 404 425 an 43 Vdc - 12 1.14 3 1.8
Output Voltage
Logc 0 VoL 3 316 340 320 343 323 386 73 2 - 114 3 7.8
Output Voltage
Biss Voltege [y 10 151 186 140 1.70 128 158 Vdc - - 114 - 7.8
Min [ Typ | Max | Min | Typ | Max | Min | Typ [ max
Peak-to-Pesk Tank Voltage Vop 12 — - — - [ 500 | = - = = mV | See Figure 3 - 114 3 7.8
Output Duty Cycle vVoc 3 - - - - 50 - — - - % See Figure 3 - 1,14 3 7.8
Oscillstion F requency Tmex - - - - 200 225 - - - - MHz | See Figure 3 - 1,14 3 7.8
*This measurement guarantees the dc potential at the bias point tor purposes of incorporating a varactor tuning diode at this point
ELECTRICAL CHARACTERISTICS
= !
Supply Voltage = -5.2 volts TEST VOLTAGE/CURRENT VALUES
(Volus) mAdc
@Tant
Temperature VIH max ViL min Vee "
-30°C -3.300 -3.800 -5.2 -5.0
(5) +25°C -3.400 -3.900 52 -5.0
+85°C -3.500 -4.000 52 50
MC 1648 Tost Limits TEST VOLTAGE/CURRENT APPLIED TO
“%0°C “259%C “85°¢C PINS LISTED BELOW: vee
Charactaristic Symbol Min Max Min Max Min | Mex Unit ViH max Vit min VEE " (Gnd)
Power Supply Drain Current 3 8 - o —_— 41 — - mAdc — - 7.8 e 1.14
Logee "1 VoH 3 1045 -0815 -0.960 -0.750 -089% -0.650 vde - \H 7.8 3 1.14
Output Voltage
Logic 0" VoL 3 -1.890 -1.650 -1.850 -1620 -1830 <1575 Vac 12 - 7.8 3 114
Output Voltage
Bias Voltage Veus® 10 -3690 -3340 -3800 -3500 -3920 -3620 Vdc - — 7.8 - 114
Min | Typ | Max | Min | Typ | Max | Min | Typ [ Max
Poak-to-Pesk Tank Voltage Vop 12 - - = — | s00 - — - - mv | SeeFigure 3 - 7.8 3 114
Output Duty Cycle Vpc 3 — = - — | s - - — — % See Figure 3 - 7.8 3 1,14
Oxcillation Frequency fmax - - - - 200 | 225 - - - - MHz See Figure 3 - 7.8 3 1.14
*This messurement guerantees the dc potential st the biss point for purpPoses of iNcorporating a varactor tuning diode at this point

FIGURE 3 - TEST CIRCUIT AND WAVEFORMS

Vee

*Use high impedance probe ( >V'I:0'Mogohm must
be used).

**The 1200-0ohm resistor and the scope termination
impedance constitute a 25:1 attenuator probe.
Coax shall be CT-070-50 or equivalent.

Bypass only that supply opposite groind.

ces

PRF = 1.0 MHz t
Duty Cycle (Vpg) = —
o




MC 1648 (continued)

OPERATING CHARACTERISTICS

Figure 1 illustrates the circuit schematic for the MC1648.
The oscillator incorporates positive feedback by coupling
the base of transistor Q7 to the collector of Q8. An auto-
matic gain control (AGC) is incorporated to limit the cur-
rent through the emitter-coupled pair of transistors (Q7
and Q8) and allow optimum frequency response of the
oscillator.

In order to maintain the high Q of the oscillator, and pro-
vide high spectral purity at the output, a cascode transistor
(Q4) is used to translate from the emitter follower (Q5) to
the output differential pair Q2 and Q3. Q2 and Q3, in
conjunction with output transistor Q1, provide a highly
buffered output which produces a square wave. Transistors
Q10 thru Q14 provide the bias drive for the oscillator and
output buffer. Figure 2 indicates the high spectral purity
of the oscillator output (pin 3).

When operating the oscillator in the voltage controlled
mode (Figure 4), it should be noted that the cathode of
the varactor diode (D) should be biased at least 2 Vg
above VEE (=~ 1.4 V for positive supply operation).

FIGURE 4 — THE MC1648 OPERATING IN THE VOLTAGE
CONTROLLED MODE

When the MC1648 is used with a constant dc voltage
to the varactor diode, the output frequency will vary
slightly because of internal noise. This variation is plotted
versus operating frequency in Figure 5.

FIGURE 5 — NOISE DEVIATION TEST CIRCUIT AND WAVEFORM

)

Z 100 T
g Vee = 5.0 vde
©

g

E i

g

> T

w o

3 10

>

[

z

w

=3

0

w

.4

“ 10

IR

< 10 10 100

f, OPERATING FREQUENCY, (MHz)

Oscillator Tank Components
(Circuit of Figure 4)

f L
MHz D uH

1.0-10 | MV2115 100
10-60 | MV2115 23
60-100 | MV2106 | 0.15

Signal Generator

HP 608
20 kHz sbove MC1648 Frequency \ or Equiv
300 mv
BW.= 1.0 kHz|
MC1648 R 10 mV Product 20 kHz Frequency Vo'lata;uv
Under Test ar Detector Hyj.z':'OA .
McC1648 HP3400A or Equiv
E ") or Equiv

(HP5210A output voltage) (Full Scale Frequency)
-

NOTE: Any frequency devistion caused by the signal generator and MC 1648 power
supply should be determined and minimzed prior to testing.

1.0 Vot




MC1648 (continued)

TRANSFER CHARACTERISTICS IN THE VOLTAGE CONTROLLED MODE
USING EXTERNAL VARACTOR DIODE AND COIL. Tp = 25°C

FIGURE 6
64 - -
L: Micro Metal Toroidal Core #T44-10,
N b 4 turns of No. 22 copper wire.
I s .
2
e —
r4 /]
w 44
3 "
9 40
w 1k
« 36 I
s 32 A
- -
2 28 /
£
5 24
° 2 ¢ mviaor (12
FRRT A 5 uF '
$Eq2 I Veet = Veea = +6 Vde Imus
80 - L Vege1=Vegeg2=Gnd =
’ 1] 1.0 20 30 40 50 60 7.0 80 9.0 10 *The 1200 ohm resistor and the scope termina-
tion impedance constitute a 25:1 attenuator
Vin, INPUT VOLTAGE (VOLTS) probe. Coax shell be CT-070-50 or equivalent.
FIGURE 7
18 N
L: Micro Metal Toroidal Core #T44-10,
N 17 4 turns of No. 22 copper wire.
I Vin
2 16
> C =500 pF
0 15
r4
Y 1
[*} .
23 /] 13 ¢4 1200
‘ T ,
[ 12 -4 out
2 =
=4 "wWr—t—171T—r—T—"T+—"T+T | |'wa 1 At ______
=
o 10 Mvis0r (12) (5)
H 5 uF Veer = Veez = +5 Vd
3 so0 7 I cc1=Veez = i A
e 80 VEE1 = VEE2 = Gnd =
"o 10 20 30 40 50 60 7.0 80 9.0 10 *The 1200 ohm resistor and the scope termina-
tion a 25:1
b ]}
Vin. INPUT VOLTAGE (VOLTS) probe. Coax shall be CTO?O 50 or equivalent.
FIGURE 8
190
180 L: Micro Metal Torodial Core #T30-22,
g o 5 turns of No. 20 copper wire.
17
2 160 ,/ Veet = Vecz = +6 Ve
s / VEE1 = Vegg2 = Gnd
0 150 i
r4
w 140 (10)
3 wofl——71+—1+—"~1—F—1+HF+——+— | T —toqr—-———----
w 1200°
E 120
110 t
out
.5 100 /
a /
5 X A 1T 1111 Bt
o 80
g 71
L 60 T 0.1 uf
50 =
0 1.0 20 30 40 50 60 70 80 90 10 *The 1200 ohm resistor and the scope termina-
tion impedance constitute a 25:1 attenuator
Vin, INPUT VOLTAGE (VOLTS) probe. Coax shall be CT-070-50 or equivalent.




MC1648 (continued)

Typical transfer characteristics for the oscillator in the
voltage controlled mode are shown in Figures 6, 7 and 8.
Figures 6 and 8 show transfer characteristics employing
only the capacitance of the varactor diode (pluse the input
capacitance of the oscillator, 6 pF typical). Figure 7 illus-
trates the oscillator operating in a voltage controlled mode
with the output frequency range limited. This is achieved
by adding a capacitor in parallel with the tank circuit as
shown. The 1 k{2 resistor in Figures 6 and 7 is used to pro-
tect the varactor diode during testing. It is not necessary
as long as the dc input voltage does not cause the diode to
become forward biased. The larger-valued resistor (51 kS2)
in Figure 8 is required to provide isolation for the high-
impedance junctions of the two varactor diodes.

The tuning range of the oscillator in the voltage con-
trolled mode may be calculated as:

fmax )/Cp (max) +Cg
fmin - VCD (min) +Cg

1
where fjin = ———————
2m /L (Cp (max) + Cg)

Cs = shunt capacitance (input plus external
capacitance).

Cp = varactor capacitance as a function of
bias voltage.

Good RF and low-frequency bypassing is necessary on
the power supply pins (see Figure 2).

Capacitors (C1 and C2 of Figure 4) should be used to
bypass the AGC point and the VCO input (varactor
diode), guaranteeing only dc levels at these points.

For output frequency operation between 1 MHz and 50
MHz a 0.1 uF capacitor is sufficient for C1 and C2. At
higher frequencies, smaller values of capacitance should be
used; at lower frequencies, larger values of capacitance. At
higher frequencies the value of bypass capacitors depends
directly upon the physical layout of the system. All by-
passing should be as close to the package pins as possible
to minimize unwanted lead inductance.

The peak-to-peak swing of the tank circuit is set inter-
nally by the AGC circuitry. Since voltage swing of the
tank circuit provides the drive for the output buffer, the
AGC potential directly affects the output waveform. If it
is desired to have a sine wave at the output of the MC1648,
a series resistor is tied from the AGC point to the most
negative power potential (ground if +5.0 volt supply is
used, -5.2 volts if a negative supply is used) as shown in
Figure 10.

At frequencies above 100 MHz typ, it may be necessary
toincrease the tank circuit peak-to-peak voltage in order to
maintain a square wave at the output of the MC1648. This
is accomplished by tying a series resistor (1 k§2 minimum)
from the AGC to the most positive power potential (+5.0
volts if a +5.0 volt supply is used, ground if a -5.2 volt
supply is used). Figure 11 illustrates this principle.

APPLICATIONS INFORMATION

The phase locked loop shown in Figure 9 illustrates the
use of the MC1648 as a voltage controlled oscillator. The
figure illustrates a frequency synthesizer useful in tuners
for FM broadcast, general aviation, maritime and land-
mobile communications, amateur and CB receivers. The
system operates from a single +5.0 Vdc supply, and requires
no internal translation, since all components are com-
patible.

Frequency generation of this type offers the advantages
of single crystal operation, simple channel selection, and
elimination of special circuitry to prevent harmonic lock-
up. Additional features include dc digital switching (pref-

erable over RF switching with a multiple crystal system),
and a broad range of tuning (up to 150 MHz, the range
being set by the varactor diode).

The output frequency of the synthesizer loop is deter-
mined by the reference frequency and the number program-
med at the programmable counter; fout = Nfref. The
channel spacing is equal to frequency (fref).

For additional information on applications and designs
for phase locked-loops and digital frequency synthesizers,
see Motorola Application Notes AN532A, AN-535, AN553,

AN-564, and AN-594.



mMC1648

(continued)

FIGURE 9 — TYPICAL FREQUENCY SYNTHESIZER APPLICATION

Voltage-
. Phase Low-Pass Controlled -1
ref ——— Detector Filter Oscillator out
MC4044 MC1648 -
- fout = Nfref
where
| Modulus Enable Line l N=NpeP+A
Counter Control MC12012
Logic -
r MC12014 SRR
t____ Zero Detect Line
fout = -
“Np ~A
Progr bl Programmable
Counter Counter
MC4016 MC4016
i Counter Reset Line ’
N=NpeP+A

Figure 10 shows the MC1648 in the variable frequency
mode operating from a +5.0 Vdc supply. To obtain a sine
wave at the output, a resistor is added from the AGC
circuit (pin 5) to VEE.

Figure 11 shows the MC1648 in the variable frequency
mode operating from a +5.0 Vdc supply. To extend the
useful range of the device (maintain a square wave output
above 175 MHz), a resistor is added to the AGC circuit at
pin 5 (1 k-ohm minimum).

FIGURE 10 —-METHOD OF OBTAINING A SINE-WAVE OUTPUT

Figure 12 shows the MC1648 operating from +5.0 Vdc
and +9.0 Vdc power supplies. This permits a higher voltage
swing and higher output power than is possible from the
MECL output (pin 3). Plots of output power versus total
collector load resistance at pin 1 are given in Figures 13
and 14 for 100 MHz and 10 MHz operation. The total
collector load includes R in parallel with Rp of L1 and
C1 at resonance. The optimum value for R at 100 MHz is
approximately 850 ohms.

FIGURE 11 — METHOD OF EXTENDING THE USEFUL RANGE
OF THE MC1648 (SQUARE WAVE OUTPUT)

T

10 30 Output
l E’;—'_VZ 5
I 7 8

—

+5.0 Vdc +5.0 Vde
o . ?
1 14 <
1 14 }f
10 3 O Output
<1k min

12 59
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MC1648 (continued)

FIGURE 12 — CIRCUIT SCHEMATIC USED FOR COLLECTOR OUTPUT OPERATION

ﬁ +9.0V
T 1
; .01 uF
£ in
Vcea L1 7c1
(14)
+5.0V 1) Output
J@Lo Q1
Q3 Q2
{on (3)
}/04 c3
-—L/gu
Qs
I/T N
m?_lia\l Qs Q7
ﬂ D1
Q6
yoD2 Q9
) 1.2k
100 & L2 ) @ & 2 +5.0 v
() Bias Pt. ez €2 (5) R4 10t
Veer ¢ Toaul  (12) EE2g AGCT- =T
= = Tank = °

FIGURE 13 — POWER OUTPUT versus COLLECTOR LOAD

FIGURE 14 — POWER OUTPUT versus COLLECTOR LOAD

See test circuit, Figure 12, f = 100 MHz
C3=3.0-35 pF
Collector Tank
L1=0.22 uH
R=50Q-10kQ
Rpof L1and C1 =11k @ 100 MHz Resonance
Oscillator Tank
L2 = 4 turns #20 AWG 3/16” ID
C2=1.0-7.0pF

C1=1.0-70pF

~

o

w

/

»

w

~

POWER OUTPUT (mW RMS)
-

o
-
=)

100 1000 10,000

TOTAL COLLECTOR LOAD (ohms)

See test circuit, Figure 12, f = 10 MHz
C3=470pF
Collector Tank
L1 =27 uH
R=50% - 10k}
Rpof L1and C1 =6.8k§2 @ 10 MHz Resonance
Oscillator Tank
L2=27uH
C2=16 - 150 pF

C1 =24 - 200 pF

-
Y

AY

-
N

-
(-]

o

s

POWER OUTPUT (mW RMS)
N

o

1000

-
=]

100 10,000

TOTAL COLLECTOR LOAD (ohms)
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DIGITAL k MECL Phase-Locked Loop Components
] MixeR/TRANSLATOR

MC12000

DIGITAL MIXER/TRANSLATOR
(D Flip-Flop w/Translator)

The MC12000 is intended for use as a digital mixer
in phase-locked loop frequency synthesizers and other csnAcM‘:gEP:aczxAce
applications where a MECL ‘D"’ flip-flop with translators
isrequired. Toggle frequency is typically 250 MHz. MTTL
to MECL and MECL to MTTL translators are provided to

facilitate interfacing with MECL or MTTL circuits. Pin Assignment
The MC 12000 is designed to operate from a single power
supply of either +5.0 Vdc or -5.2 Vdc. p—H o lvcc
c—2 13,
3 12 -
Input OR/NOR —— —2a
Output —— ;LOR Output
Translator input _5' r‘—o——NOR Output
Translator Output (] + lnput
VEE 7] s _ Input
FIGURE 1 — LOGIC DIAGRAM FIGURE 2 — TYPICAL DIGITAL MIXER
1 D Q 13
2 c a 12
Phase vco

1 fy—s Detector
—] T e i
10

E [ ecimrre memooo 1

I MECL-MTTL MC12000

D Flip-Flop

fout

Vee = Pin 14
Vgg =Pin7
Crystal

D Qn | Qn+1 Rof:nnco
0 [\ [ Oscillator
[s] 1 o
1 [¢] 1
1 1 1

Note: All MECL outputs have 610-ohm internal pulidown resistors.
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ELECTRICAL CHARACTERISTICS
Supply Voltage = +6.0 V

(panunuo) 000ZLONW

TEST VOLTAGE/ T VALUES
9 2 Voits mA
N ¢ @ Test
Temperature | ViHmax | ViLmin | ViHAmin | ViLAmax | Vit |ViH [VIHA| VA [VIHT|ViLT[Vec| L |loL | fou
0°% [ +2.160 | +3.130 | +3855 | +3510 | +05 [+2.4]+5.0 7 ¥5.0] 25] 16 |16
25°C | +4.190 | +3.150 | +3895 +3525 | +05 [+24 | +5.0 [+4 5| +2.0| +0.8]+50] -25] 16 [-1.6
75°%c | +4.280 | +3.170 | +3956 +3550 | +05 [+2.4[+5.0 [+a5] +2.0] v08]+s0] 25 16 [-18
Pin MC12000 TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW:
Under o°c +25°C +76% veg)
Characteristic Symbol | Test Min Max Min Typ Max Min Max Unit | ViHmax| ViLmin | ViHAmin | Vitamex | Vit [ViK [Vinn [ VR [VirT|ViLT{Vec | i | low | lon]| Gnd
- —
Power Supply Drain Current g 7 - - - 85 - - mAdc - - - - - - - - - - 14 - — - 7
Input Current NINHY 1 - - - 200 - - wAdc 1 2 - - -1-1-t1t-1-1-1w;1-1-1-17?
2 - - - - 200 - - 2 1 - - -1-1-1-1-1- -1 -1-
3 - - - 200 - - l 3 - - - -f-1-1-1-1- -1 -1 -
N2 s - a0 - - a0 - a0 - - - - -1-1s5|-1-1|- -1 -1-
VINH3 8 - - 38 - 6.5 - - mAdc 9 8 - - - - - - - - - -
9 - - 38 - 6.5 - - 9 8 - - - -1 -1-1-1- - | - -
hNLY 1 - - - - 20 - - wAdc - - - - - l=-1-=-1-1-1-1mw]| - -1 v
{Leakoge 2 - - - - 20 - - - - - - - - - - - - - - -1 27
Current) 3 - - - - 20 - - - - - - - - - 37
hNL2 s - -16 - - -16 - -16 | mAde - - - - 5 - -1 -1- -1-1-172
N | 8 - - 38 - 65 - - ‘ 8 9 - [ IR I A B _ ‘
9 - - 20 - 40 - - 8 9 - - - -1 -1-]-1- - - -
Logic 1" Vom1 a 4000 | 4160 | 4.040 - 4.190 | 4.100 | 4280 | voc - - - = - (s 1-1-1T-1T-T»7T«1T-1-1"
Output Voltage 10 - - 3 - - - - - - - - | 10 - -
" - 3 - - - -l-1-1-1-1- wil-|-
12t - - 1 - - - - - - - - 12 - -
13t - 1 - - - - - - — — - 13 - -
VoH2 6 2.400 - 2.400 - - 2.400 - vdc 9 8 - - - 1-1-1-1T-1-]w]l-1-]1se]7
Logic 0" Vo1 4 3130 | 3370 | 3.150 - 3380 | 3170 | 3410 | vdc - - - ~ s [ -1 -1-1-01-Tw}s]-1-17
Output Voltsge 10 - 3 - - - -1-1-1-1-1- | -] -
" - - 3 - - - - - - - - 1 - -
12t - 1 - - - - - - - - - 12 - -
13t = - 1 - - - ~ — — — - 13 - -
VoL2 6 - 0.500 - - 0.500 - 0500 [ vdc 8 9 - - -l-1-1-1T-1-1w]-]e]-1]7
Logic “1” VoHa| 4 3980 | - | 4020 | - - 4080 | - vde - - - - -1 -1-71-1ss|-1"“lsl-1-1
Threshold Voltage 10 - - - - - - - 3 -t-1-1-1-1- w|-| -
" - - - - - - 3 - -l-1-1-1-1- nl -1 -
12t - - - - - - - 1 -1-1-1-1-1- 2| -|-
13t - - - - - - 1 - - {-1-1-1-1- 3] -1 -
Logic “0" Voa | 4 - 3.390 - - 3.400 - 343 | vdc - - - - -1-1-1-1T-1s1w]a}|-1-17?
Threshold Voitage 10 - - - - - - 3 - -1-1-1-1-1- w| -] -
" - - - - - - - 3 -l-1-4f-1-1- n| - -
12t - - - - - - 1 - -1-1-1-1-1- 2| -1 -
13t - - - -~ - - - 1 - |-1l-1-1-1- 3| - -
‘Short Circuit Current Isc 6 -20 -5 -20 - -65 -20 65 | madc 9 8 - - - |I-T-T1-T-1T-1T]1-1T-1T-Tse

1Output Level to be measured after 8 clock pulse has besn applied to the C input (pin2)  VjHmax
TWiLmin



vi-9

ELECTRICAL CHARACTERISTICS

(panunuod) 0002 L O

Supply Voltage = -5.2 V
1 Ak
2 12
o
3
0
s‘ya
TEST VOLTAGE/CURRENT VALUES
o — Volts
- 6 @ Test
s —a Tomporsture | Vimax] ViLmin | ViHAmin | VitAmex ] ViL | Vin [Vine] VR | Vinr{ViLy | Vee
[ 0840 | -1870 | -1.145 -1490 | 47]-28]+0.0]-07] -32[44]-6.2
2° | 0810 -1850 | -1.106 -1475 | 47| 28] v00]|-07] 32| 44] 52
7% | 0720 | -183% | -1.045 -1450 | 47]-28] +00[-07] -32[ 44[ 52
Pin MC12000 TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW:
Under o°c -28% +789%
Characteristic Symbol | Test Min Max Min Typ Max Min Max Unit | ViHmax | Vitmin | ViHAmin | VitAmex | Vit | ViH | Vinn] VR | VINT|ViLT | Vee
Power Supply Drsin Current Ig 7 - - - 90 - — — mAde - - - - - — = — — — 7
Input Current hNHY 1 - - - - 200 - - wAdc 1 2 - = -1-1-1-1-1-717
2 - - - - 200 - - 2 1 - - -1 -1-1-1-1-
3 - - - - 200 - - 3 - - - -1-1-1-1-1-
lINH2 5 - L - - 40 - 40 - - - - -l -1ls{-1-1-
WNH3 | 8 - - 38 - 65 - - mAdc 9 8 - - -1 -1-1-1-
9 - - 38 - 85 - - 9 8 - - -l - -l -1 -
hiNL1 1 - - - - 20 | - - wAdc - = - = “1 -1 -1-1-1=-111
(Loskage 2 - - - - 20 - - - - - - - - - - - -~ |27
Current) 3 - - - - 20 - - - - - - - - - - 137
L2 5 - -16 - - -16 - -16 | mAdc - - - - s|-|-]1-1-1-17 -l -
hNL3 8 - - 38 - 85 - - 8 9 - - - - - - - * - -
9 - = 20 - 40 - = g 9 = - P I P S P -1 -
Logic “1” VoH1 4 | -1000 [-0840 | 0960 - [ -0810]-0800 -0720 | wvdc - - - - -ls|-1-]1-1-17 -1 -
Output Voltage 10 - - 3 - - - - - - - - - -
1 - 3 - - - -1 -1-1-1-1- -1 -
12t - - 1 - - - - - - - - - -
13t - 1 - - - - -1 -] -] -1- _ | -
VoHg 6 | -2800] - |-2800] - - | -2800[ - Vde 9 8 - - - -1 -1=-1T-1-17 — e
Logic “0” VoLt 4 | -1870 | -1635 | -1860| - | -1620 | -1830| -1596 | Vdc - - - ~ s| - -1-1-1-17 [
Output Voltage 10 - 3 - - - - - - - - - - -
1" - - 3 - - -1 -1-1-1-1- -1 -
12t - 1 - - - - - - - - - - -
13t - - 1 - - -1l -1 -1-1-1- _ ] -
VoL2 6 - | 4700 - - | 4700 - | 4700 vac 8 9 - - -1 -1-1-1-1-1 6 | —
Logic "1 VoHa| 4 | 1020 | - | -0sso| - - | 0820 - Vde - - - = -1T-1-1T-1T51-17 o =
Threshold Voltage 10 - - - - - - - 3 - - - - - - - -
1 - - - - - - 3 - - - - - - - - -
121 - - - - - - - 1 - - - - - - - -
13t - - - - - - 1 - — - - - - - - -
Logic “0" VoLa [ 4 - |-1815| - ~ | -1600| - | -1575 | vdc = = - - - -1-1-1-1517 - -
Threshold Voitage 10 - - - - - - 3 - - - - - - - - -
" - - - - - - - 3 -1 -1-1-1-1- -1 -
12t - - - - - - 1 - -l -t -1-1-1- I
13t - - - - - - _ 1 -1 -1-]-1- _| -
‘Short Circuit Current IsC 6 -20 -65 -20 — 65 -20 65 | mAdc 9 8 - -1 -1T-T-1T-T1T-1s? =

tOutput Level to be measured efter 8 clock pulse has been spplied to the C input (Pin 2)  Vimex
ViLmin
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AC ELECTRICAL CHARACTERISTICS

Pin . MC12000 TEST VOLTAGES/WAVEFORMS APPLIED TO PINS LISTED BELOW:
Under 0°C +26°C +75°C
C Sy Test Min |Max | Min | Typ {Max | Min |Max | Unit |Pulse Gen. 1| Pulse Gen. 2|Pulse Gen. 3| Pulse Out 3.2 ‘y :E_a.o v *‘ZI%EI

Propagation Delay 12413+ 2,13 - - 16 |24 40| - - ns 2 1 - 13 7 14
(See Figure 4) 2413- 213 | - | - |15 |24 20| - | - ns 2 1 - 13 7 14
toe12+ | 212 | - | - |15 |24 |40] - | - ns 2 1 - 12 7 14
2412- 212 | - | - |15 |24 |ao| - | - ns 2 1 - 12 7 14
3o+ | 311 | - | - 1015 |30| - [ - ns 3 - - " 7 14
3-11- 319 | - [ - |10 |15 |30 - | - ns 3 - - n 7 14
13+10- 310 - [ - [10 |15 |30 - | - ns 3 - - 10 7 14
t3-10+ 310 - [ - J1wo|1s |30 - | - ns 3 - - 10 7 14
54t s4a | — | - J20|3 |so] - | - ns - - 5 4 7 14
t5-4- 54 | — | - |10]1s5 [30) - | - ns - - 5 4 7 14
tg+6+ 96 | - | - |40 |80 [120] - | - ns A - - 6 7 14
t9-6- 96 | - | - [30]50 [100] - | - ns A - - 6 7 14
Output Rise Time N 13 -l -]-l28}-1-1- ns 2 1 - 13 7 14
(See Figure 4) ty2+ 12 -l -1-128|-1-1]- ns 2 1 - 12 7 14
ty+ " -l-1]1-120]-1]-1]- ns 3 - - " 7 14
t10+ 10 -l -]-]20}-1]-]- ns 3 - - 10 7 14
ta+ 4 - - - 29 |-1-1- ns - - 5 4 7 14
Output Fall Time 13- 13 - - - 28 | - - - ns 2 1 - 13 7 14
(See Figure 4) t12- 12 | - | -|-la8]-]-1]-1]nm 2 1 - 12 7 14
t91- " -l -f-120}-1]-1]- ns 3 - - " 7 14
t10- 10 - -1 =20 ]=-1-1- ns 3 - - 10 7 14
13- 4 - - - 24 | - - - ns - - 5 4 7 14
Setup Time teetup1 | 13 - |- |- o2 |- -1}|- ns 2 1 - - 7 14
(See Figure 5) tserup0” | 13 -l = |=qor|-1-1- ns 2 1 - - 7 14
Hold Time thotd* 1" 13 - -f-toof-1|-1|- ns 2 1 - - 7 14
(See Figure 5) thold" 0" 13 - - - |10 | - - - ns 2 1 - - 7 14
Toggle Frequency ftog 13 - - - |250 | - - - MHz - - - - 7 14

(See Figure 6)

(panuiuod) 0OOZLOW



MC 12000 (continued)

FIGURE 3 — SWITCHING TIME TEST CIRCUIT

All input and output cables to the
scope are equal lengths of 50-ohm
coaxial cable. All unused cables
must be terminated with a 50 ohm
resistor + 1%.

Vin Vin
Coax Coax
Veeg =+20V
\ 25 uF 0.1 uF
Pulse :: 50 :: 50
Generator
1 o = =

(EH137)
t-=t+=2.0+02ns [—— ____I

Pulse Vin o (13)
Generator @ o 0——‘—‘0 Q —J-O c
2 . oax A\
(EH137) S Vin o @) ual N >
t+=1t-=2.0%+02ns 100 100 I
T
Coax Vout
Pulse
Generator
Vee
(EH137)

t+=t-=5.0+ 0.5ns
g 3950 400
<

lud.

Ct = 156 pF = total parasitic capaci , which i
probe, wiring, and load capacitances.




MC 12000 (continued)

FIGURE 4 — AC TEST VOLTAGE WAVEFORMS

Pulse 80% +1.10 V—,
Generator 50%
1 20%} .\ ;
— +0.30 V
— +1.10 V
Pulse 80%
Generator 20%
2 +0.30 V—

] I v
Q 80%
13) 50%

“n

NOR
(10)

9) 50%

MTTL
Out
(6)

Pulse
Generator

NOTES:

1. VEg+ 185V
2. Vgg + 0.5V max
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MC 12000 (continued)

FIGURE 5 — SETUP

AND HOLD TIME WAVEFORMS (See Figure 3)

Pulse 20ns
Generator — +1.10V
1 80%°Y 509 /~ \ /_—\—
Clock J o20% +0.30 V.
Pulse — tsetup’ 1"
Generator S0 80% +1.10V /—\_
2 o
5 20% -+0.30 V
30 ns
— thold* 1"
Q(13) -/_—\—/—
Pulse - 'setup"o”
Goneutor \_/__
_\_—_—; "‘°‘°"°"

FIGURE 6 —

TOGGLE FREQUENCY TEST CIRCUIT

Veg = +2.0 vdce

Vin Vout
Coax 25 uF 0.1 uF Coax
AYH 1(—
_L 4l LAY _L
‘ ina|
<
Sine Wave in = 800 mV P-to-P 50 — r—-—-—==-9 450

Sine Wave Generator o 1 yuF n | !
AC Coupled )L ! !

HP 32008 or ¢ o N
Equivalent : |

' | TPout
Vgias = +0.700 Vdc O ' D QI+
(Use High { ] :
impedance Probe $100 [ J
" S ——————
to Adjust V gjag) 4
l 0.1 uF |
= o VEEO =
DC Supply -3.2Vdcor -3.0 V

The maximum Toggle Frequency of MC 12000
has been exceeded when either:

1. The output Peak-to-Peak voltage swing

falls below 600 mV
or
. The devices cease to Toggle (divide by 2).
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MC12000 (continued)

MC12000 DIGITAL MIXER

This device is a digital mixer designed to operate with
logic levels at its input and output ports. In operation it
is an MECL type "'D” flip-flop with level translators to
and from MTTL to accomodate most interfacing demands.
Output frequency (fQ) as a function of “D” and clock
inputs is shown in Figure 7. It can be seen that either
direct or harmonic mixing may be employed, that is, fq
may be either the difference between fp and fc or the
difference between fp and the Nth harmonic of fc.

One particular advantage of mixing in phase locked
loops (PLL) is that lower frequencies may be generated
for use in portions of the circuit where digital processing
is done (with divide-by-P network and/or phase detector).
Lower frequency operation often reduces overall system
cost since a less expensive logic form may be utilized.
However use of the mixing technique is not a panacea for
all VHF applications and the design of such synthesizer
systems must be approached with care.

FIGURE 7

fa

[ ] S ——
L2

|
'
'
'
I
|
1
L

output frequency may be changed by varying either f{ or
fc. the clock input is usually crystal controlled since it is
of the same magnitude as fp and more difficult to stabilize.

FIGURE 9
f1— O vco & fp = Pfy + fc
fa o
+p >}

b

fc

Nfc  Nfc+fy (N+1) ¢ fo—=

Use of the MC12000 in a non-harmonic PLL is straight-
forward (Figure 8). Output frequency is the sum of both
input quantities (f1 + fc) as long as f1 is less than fc/2
(See Figure 7), since fq can go no higher than that. Un-
less VCO output range is restricted somewhat there is a
chance also that the loop may operate at the second har-
monic of fc. This problem is minimal in the loop of
Figure 8, however, since the output frequency would have
to vary more than 2:1.

Mixing is used because the digital phase detector has
an upper frequency limit of about 10 MHz and many
loops require direct locks at 20 MHz or more. Direct
down-mixing does not change any loop characteristics ex-
cept the sampling rate which restricts loop natural fre-
quency to about fc/10 in practical circuits. Although

FIGURE 8

Combining a standard synthesis configuration with the
mixer yields a circuit capable of high frequency operation
at low cost (Figure 9), if the output frequency range is
relatively small (Pmax - Pmin) f1 < fc/2. In fact the
choice of harmonic or non-harmonic mixing is largely
based on the availability of a suitable crystal or other
reference source for fc versus the needed frequency cover-
age. Considering all the restrictions on fc, its value (and
the maximum harmonic number N) are dictated by the
following expressions:

fD(min) - f1
2 Afp

N< (1)

Nfc = fD(min) - f1 (2
where ofp = change in output frequency.

1= ¢ vco 15 = f1 + fc

fc o

FIGURE 10
f1—e @ vco & fp = Pty + Nfc
fa
+
fa o
P o

fc

Using Equations (1) and (2) above the minimum value
of fc may be found foy the circuit of Figure 10 and still
get adequate frequency coverage. In this minimum con-
figuration all necessary output frequencies may be generat-
ed by programming the “P*’ count string. But the divide
number might bear no obvious relation to the output fre-
quency such as often happens with non-mixing synthesizers.
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MC 12000 (continued)

DESIGN EXAMPLES

Example #1

Output Frequency: 48-54 MHz
Frequency Increments: 10 kHz

Using Equations (1) and (2), a minimum frequency

(fc) version can be designed:
f1 = increment = 10 kHz

48 MHz - 10 kHz
2 (54-48) MHz

N<4

LetN=3
Nfc = 47.99 MHz

Nfc 47.99
Ce T 5 - 15:99666 MHz

fc = 15.996666 MHz

Pmin=1
Afp
=—+ i (3)
max = 151 hz min
6 MHz p
=" 4 .
max = 1o, min
Pmax = 601
fQ(max) = Pmax f1
=6.01 MHz (4)

Equation (4) above puts the divider string (divide-by-P)
into a medium frequency situation where devices such as
the MC4016/4316 may be utilized. Note that the divider
number now indicates the channel selected rather than
output frequency. That is, at fp = 48.000 MHz, P = 1;
at fp = 54.000 MHz, P = 601.

If “proper” divide-by-P readings are desired for direct
frequency readout aslightcircuit modification is necessary.
To enable a division at 48.000 MHz the first divide-by-P
must be 100 rather than 1, and Py ax would then be 700
to cover all 6 MHz. Recalculating fQ(max) from Equation
4 we still find that the 7 MHz maximum value allows use
of the same components. The next question concerns the
allowable range of fQ in relation to fc (fq < fc/2). Since
fc is nearly 16 MHz, the range of fq can be contained.
A cosmetic change to the most significant digit switch
completes the design. Instead of reading 1 through 7 it
must be modified to display 48 through 54.

Example #2

Output Frequency: 144-148 MHz
Frequency Increments: 10 kHz

f1 = increment = 10 kHz

144.00 - 0.01
NS ——
2(4)
N< 18
LetN= 17
Nfc = 144.00 - 0.01 MHz
= 143.99
Nfc
fc= — = 8.470 MHz
Pmin= 1
o AMHe
X" 10kHz
= 401
fQ(max) = Pmax f1=4.01 MHz

Maximum frequency seen by the divide-by-P chain is.
still well within the MC4016 rating.

When converting this synthesizer to one that reads fre-
quency directly, a ““1” is again added to the most signifi-
cant digit (MSD). This results in a Pmin of 100 to Py ax
of 500. In this example, however, fQ(max) is 5 MHz
which easily exceeds fc/2. To alleviate this difficulty,
the "N’ factor must be decreased in order to raise fC to
at least 10 MHz.

f in) - f
< D{min) - M1
fc

N

Let fc = 10 MHz
N<~14.4
LetN= 14,
Nfc = 143.99 (from above)

Nfc  143.99
fc= — =
N 14
fc = 10.28500 MHz (5)
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MC12000 (continued)

VCO RANGE RESTRICTIONS

As in all harmonically locked PLL's, it is possible for
the loop to lock on the wrong harmonic if there is too
wide arange in the VCO. This situation is shown in Figure
11 where the possible false lock areas are indicated near
the (N - 1) and (N + 1) harmonic points. The problem of
VCO restraint however is more than just making sure that
output frequency fp isnt able to go to B or A’ (the close-
est false lock points). Actual operating limits are C and C’,
symmetrically placed frequencies corresponding to fp(min)
about Nfc and fp(max) about (Nf+1/2) fc. If the VCO
drops below C while the feedback counter is at Pmyin the
phase detector will try to push fp even lower, toward the
stable condition at A (Figure 12). Likewise, at C' (when
P = Pmax) the tendency is for the loop to accelerate tow-
ard lockup at B’ (Figure 13). When C or C’ are exceeded
the loop will “hang up’’ and not attain the proper lock.

FIGURE 11

fD(max)
fD(min) |

fa(max)
fQ(min)

|
|
(N-1)fc Nfc ‘o

(N + 1) fc
FIGURE 12
Toward Toward Lock
Latch-up Lock-up Point
—_— '
fqQ ! :
! i
1 |
fa(min)p---------2 ity
1 0
h 1
' )
! |
1 |
1 |
Nfc =fa(min) Nfc  fD(min)
fo
FIGURE 13
Lock
Point
| Toward | Toward
H Lock-up: Latch-up
!
|
!
1
1
fa(max)fp-—-------— gf---—-

[ 1

fo(max) (N + 1) fc - fQ(max)

The VCO frequency constraints may be quite severe if
the minimum fc formulation is followed and the Nth har-
monic is quite high. Where VCO constraint may pose a
problem, decrease N below the maximum indicated by
Equation (1) until sufficient room is generated by placing
the operating range. of fq on only a small part of the fp
slope (Figure 14).  Note that fc goes up as we approach
the more idealized case (Equation 5).

FIGURE 14

fD(max)

Nfc fo(min)

The most likely reasons for a “latched up’’ state in a
harmonic loop are turn-on transients and loop overshoot
when changing frequency abruptly from one end of the
range to the other.

SUMMARY OF SYNTHESIS PROCEDURE

1. Compute harmonic number N

f in) - f
< D(min) - M1
2 Afp

where Afp = change in output frequency
f1 = channel spacing

2. Compute minimum mixing frequency fc

_Dimin) - 11

f
¢ N

3. Calculate feedback divider's maximum value
Pmax = AT:E + Pmin
where Pmin = 1 for minimum fc.

4. Find maximum divide-by-P frequency
fQ(max) = Afp + f1

5. Calculate allowable VCO swing
Nfc - f1 <fyco <(N + 1) fc - fQ(max)

6. If the above constraints are too tight choose the next
lower number for N and repeat steps 2 and 5 until
satisfied.
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MC12000 (continued)

SKIP-LOCK TUNING

Harmonic mixing provides an alternate means to fre-
quency synthesis without the feedback divide-by-P net-
work. In this instance the design objective is to provide
a large frequency coverage with a set (and relatively wide)
channel spacing. The configuration is identical to a single
frequency PLL (Figure 15) except it operates in the har-
monic mode and tuning is accomplished at the VCO. Out-
put frequency is fixed as being f1 above all harmonics of
fc. As the VCO is tuned through its range, the loop will
acquire and lose signals spaced fC apart. Since these must
be some frequency for the phase detector to operate with,
the output frequency cannot be a direct harmonic of fc.
This facet of the circuit often causes users to refer to fq
as the “‘offset” frequency.

The value of fq is often dictated by output frequency
and channel spacing requirements. However the relation-

ship of f1 to fc has a large effect on the tunability both
up and down the frequency range. |f, for example, the
loop were locked at point A (Figure 16) and B were the
next desired point, then the VCO must be “dragged”’ from
A to A’ before lock can be achieved. This frequency ad-
justment may be quite critical since the frequency differ-
ence between A’ and B is only 2f{. If the VCO is tuned
past B the opportunity for lock has been passed.

On the other hand, in going from B to A, the upper
end of the VCO control range must only cross A’ before
the loop acquires frequency A. In either case it's apparent
that the loop will not “jump’’ from one lock point to
another and some indication of loop lock should be added.
This is normally done by monitoring the VCO dc control
line with a pair of comparators and noting when the line
reaches its limits.

FIGURE 15 FIGURE 16
el ¢ vco
4 Q! )
fq —e vco & Nfc + fq re——Capture ———
r Range H
i
i
fa j
f '
1©+¥F—-—-———————y - - ————
fc—o D |=
fo Nfc (N+1)fc (N+2)fc
fa
MAXIMUM RATINGS
Characteristic | symbot | Rating |  unit
Ratings above which device life may be impaired:
Power Supply Voltage (Ve = 0) VEE -8.0 Vdc
Input Voltage (Vcc = 0 Vin 010 Vi min Vdc
Output Source Current lo 40 mAdc
Storage Temperature Range Tstg -5510 +125 °c

Recommended maximum ratings above which performance may be degraded:

Operating Temperature Range

Ta 0to +75 °c

DC Fan-Out* (Gates and Flip-Flops)

n 70 -

*AC fan-out is limited by desired system performance.
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TWO-MODULUS PRESCALER

MECL Phase-Locked Loop Components

MC12012

The MC12012 is a two-modulus prescaler which con-
sists of three functional blocks: 1) a controllable divide
by 5/divide by 6 prescaler; 2) a divide by 2 prescaler; and
3)-a MECL to MTTL translator. When used with the
MC 12014 Counter Control Logic function and the MC4016
programmable counter, a divide by N programmable coun-
ter can be constructed for operation to 200 MHz. This
arrangement is especially useful in frequency synthesizer
applications.

+2,46/+6, +10/+11, +10/+12
MECL to MTTL Translator on Chip
+5.0 or -5.2 V Operation™

200 MHz (typ) Toggle Frequency

*When using +6.0 V supply, apply +6.0 V to pin 16 (Vcc) and
ground pin 8 (Vgg). When using -5.2 V supply, ground pin 16
(V) and apply -5.2 V to pin 8 (VEE).

L SUFFIX
CERAMIC PACKAGE
16 | CASE 620
1
PIN ASSIGNMENT
o
Input Toggle 1 — — 16 Ve
Q3 2 — —— 15 Q4
Q3 3 — —— 14 Q4
(=) 4 — —— 13 E2 MECL
(+) 5 — —— 12 CLOCK
MTTL Ve 6 — —— 11 E1 MECL
MTTL Output 7 — —— 10 EAMTTL
Vege 8 — 9 E3MTTL

FIGURE 1 - LOGIC DIAGRAM

To obtain an MTTL output connect 5 and 4 to
2 and 3 or 14 and 15 respectively. The MECL
outputs (2, 3, 14, 15) require terminating re-

sistors. When used, the translator (4 and 5) will

provide the proper termination for connection
| tol T.
MTTL E4 10 o a4z alido o MEGL
to
MTTLE3 9 TZ:“D" MTTL
Trans
Filop
MECL E2 13 | J_ tator
MECL E1 11
TOGGLE
FLIP-FLOP
Qn | Qn+s 12 321 1415 5 4 7
1 c @3aq3a !nput Q4ada+ — MTTL
1 ) Togale ouT
FIGURE 2 — TYPICAL FREQUENCY SYNTHESIZER APPLICATION
Phase Voltage-
| as
Low-Pass Controlled - f
fref D Filter Oscillator w Jout
| MC4044 MC1648
Modulus Enable Line '
Counter Control
Logic MC12012 ~—
’_‘ MC12014
| Zero Detect Line
fout Np A
Programmable Programmable
Counter Counter
MC4016 MC4016
i Counter Reset Line J
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MAXIMUM RATINGS
[ Characteristic [ symbol Rating Unit
Ratings above which device life may be i L
Power Supply Voltage (Vcc = 0 VEE -8.0 Vdc
input Voltage (Vcc = 0) Vin 0to VI min Vvdc
Output Source Current lo 20 mAdc
[Storage Temperature Range Tsig -551t0 +125 °c .
Recommended maximum ratings above which performance may be degraded:
[Operating Temperature Range | Ta [ owes | °c | TEST VOLTAGE/CURRENT VALUES
[OC Fan-Out® (Gates and Flip-Flops) | n 70 - Volts mA
*AC fan-out is limited by desired system performance. @ Test
Temperature | ViHmax | Vitmin | ViHAmin | VitAmax | ViL [ ViHH | Vit | Vier | Vee | It | lod | lon
0°c -0.840 | -1.870 -1.145 -1.490 47| +03 -3.2 44 -562 [-25] 16 | -16
ELECTRICAL CHARACTERISTICS 25°C -0.810 | -1.850 -1.106 -1.475 -4.7 | +0.3 -3.2 -44 652 |-25] 16 | -16
Supply Voltage -5.2V 75°c | -0.720 | -1.880 | -1.045 1450 | 47| +03 [ -32 44 | 52 |25] 16 | -16
Pin MC12012 " TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW:
Under 0°C +25°C +75°C ~eo
Characteristic Symbol | Test Min Max Min | Typ | Max Min Max Unit | Vidmax | ViLmin | ViHAmin | VitAmax | Vit | ViHH | ViiT | Viur | Vee | ‘o | ‘oL | Yox | Gnd
Power Supply Drain Current Ig 8 - - - 100 - - - mAdc - — - - - - - - 8 - - - | 6,16
Input Current LINH1 12 - - - 100 | 200 — — wAdc 12 — — — = - = = 8 | - | = | - 16|
1 - - = a0 | 100 - - 1 - - - - - - - g8 | - -1 -1 1.
IINH2 " - - - 40 100 - - uAdc n - - - - - - - 8 - - - 16
13 - - - 40 | 100 - - 13 - . - - - - — g8 | -] -] -1
1INH3 9 - - - - 40 - - rAdc - - - - - 9 - - 8 - - - 16
10 = - - - 40 - - - - = - - 10 - . s [ - -] -1
lINH4 4 - - 35 - 65 - - mAdc [ 4 - - - - — = 8 = = = 6
5 - - 35 - 5.5 - - mAdc 5 4 - - - - - - 8 | - -] -] s
L Current hNLY 1 - - - - 20 - - wAde - - - - - - - - 18] - | - - | 1
eakage Curr 1" - - - - - - - - - - - - - - 81| - - -
12 - - - - - - - - - - - - - 82| - | -} -
13 - - - - = - = - - - . B - - |81 -] -| -
hINL? 9 - - 11 - 2.2 - - mAdc - - - - 9 - - - 8 - - - 16
10 - - 1.1 - 22 - - mAdc - — — - 10 - - ~ 8 - - - 16
hNL3 4 - - 38 - 6.5 - - mAdc | - 4 5 - - - - - - 8 - - - 16
5 - — 2.0 - 4.0 - - mAdc 4 5 - - — - - - 8 - - -1
Logic 1" VOH1 2 -1.000 | -0.840 | -0.960 - |-0.810 | -0.800 | -0.720 Vdc - 11,13 - - 9,10 - - - 8 2 - - 16
Output Voltage 3 - - 11,13 - - 9,10| - - - 3| - -
14 - ‘ ‘ - - - - - - - - “| -1 -
15 - - - - - - - - - | - | -
VOH2 7 -2.800 = -2800| - - -2.800 = Vdc 5 4 - - = = - g8 | -| -] 7] e
Logic "0 Vor1 2 -1.870 | -1.635 | -1.850 - -1.620 | -1.830 | -1595 Vdc - 11,13 - -~ 9,10 - - - 8 2 - - 16
Output Voltage 3 - - 11,13 - - 9,10 - - - 3 - -
AN NEN NS S E R HEE
15 - - - - - - - - - s - | -
VoL2 7 - -4.700 - - | 4700 - -4.700 | Vdc ) 5 - - = - _ — 8 7 .
Logic ‘1" VOHA 2 -1.020 - -0.980 - - -0.920 - Vdc - - 11,13 - - - 9,10 - 8 2 - - 16
Threshold Voltage 3 - - - - - - 11,13 - - - 9,10 - 3 - _
14 - - - ‘ - - - - - - - - - 18w - -
15 - - - - - - - - - - - s - -
Logic "'0" VoLa | 2 8 - -1.615 — — |-1.600 - -1575 | Vdc - - - 1,13 - - — 9,10 8 2 - -1 1
Threshold Voltage 3 - - - - - - - 11,13 - - - 9,10 3 - -
14 - - - - ‘ - - - - - - - - nw| - | -
15 - - - - - - - - - - - - s - | -
Short Circuit Current 108 7 -20 65 20 | - | -5 -20 65 | mAdc 5 4 - - — - = = 8| | -] -] 6
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TEST VOLTAGE/CURRENT VALUES

Vol mA
@ Test
Temperature | ViHmax [ ViLmin | ViHAmin | ViLAmax | Vit | Vi | VIHT | Vi |Vec | b | lo | ton
ELECTRICAL CHARACTERISTICS 0°c +4.160 | +3.130 | +3.855 +3510 | +05| +55 +2.0 +08 | +5.0[-25]| 16 | -16
Supply Voltage +5.0 V 2% [ +4.190 | +3.150 | +3.896 +352 |+05| +65 | +20 | +08 | +50|-25] 6 | -16
) 75°C +4.280 | +3.170 | +3.955 +3550 | +05| 455 +2.0 +08 | +50(|-25| 16 | -16
Pin MC12012 TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW:
- Under 0°C +25°C +75°C (veg)
Characteristic Symbol [ Test [ Min | Max | Min | Typ | Max | Min | Max | Unit | Vikmax|Vitmin | ViHAmin | Vitamex | ViL | Vinn | Vinr | Vit | Vee | 1 | tou | tom | Gnd
Power Supply Drain Current I3 8 — _ _ 95 _ _ _ ‘mAdc _ _ _ _ _ _ _ _ 6.16 | — _ _ 8
Input Current HINHY 12 = - - 100 | 200 — - uAdc 12 - - — - - — - 6 -] -1 - 8
, 1 = =z = 20 | 100 = = 1 = . - - - = Z 6| -|-1| -1 8
INH2 | 19 - - - a0 | 100 - - uAdc 3] - - - - - - - 6| -|-]-128
13 - - - 40 | 100 - - 13 - - - - - - - 6| -|-]-]¢8
HINH3 9 - - 40 - - wAdc - - - 9 - - 6 | - - -~ 8
10 - - - 40 - - - - - 10 - - 16 -1 - s
'INH4 q - - 35 = 55 = mAdc 5 4 = - = - = 6 |- -1 -1 8
5 - - 35 - | 55 - - mAdc 5 4 - - - - - e | -] -] -18
Leakage Current IINLY 1 _ _ _ _ 20 _ — wAdc _ _ — - — _ — _ 16 _ — — 1.8
" - - - - - - - - - - - - - -1 -] -1]s8n
12 - - - - - - - - - - - - - - - -1 -]812
13 - - - - - - - - - - - - - - - -] -8
hiNL2 9 - - 1.1 - 22 - - mAdc - - - - 9 - - - 16 | - - - 8
10 - - 1.1 - | 22 - - mAdc - - - - 10| - - - 6| -| -] -]z8
"INL3 4 - - 38 - | 65 - - mAdc a 5 - - - - - 6 | -| - | - | 8
- S — — 2.0 - 4.0 - — mAdc 4 5 — - - - - - 6 - - - 8
Logic ™1 VoH1 2 4000 | 4160 | 4040 | - | 4190 | 4100 | 4280 | Vdc - 11,13 - - 910 - - = 62| -] -] 8
Output Voltage 3 - - 113 - - 910| - - - 3| - -
I ‘ Z ‘ ‘ ‘ _ - - - _ _ Z $ 1 _ N l
15 - - - - - - - - 15 - -
Vonz | 7 2400 | - | 2400 | - = | 2400 | - Vdc 5 a - - - = — 6| -] - 71 8
Logic 0" VoL 3
3190 | 3430 | 3210 | — | 3440 | 3.230 | 3470 | Vdc - 11,13 - - 910 - = - 6| 2] -] -] 8
Output Voltage 3 _ | I _ 1113 _ _ 910 _ _ _ | 3 _ _
AN En
15 - v v - - _ - - - - - Yiws]| - | -
Vo2 7 0500 | - ~ [0s00 | - | 0500 | Vdc 3 5 - = [ = p s -1 71 -1 s
Logic "1~ Voua | 2 3980 - | 4020 - a0 | - Vdc = = (EKE] = 1 - (90 T w2z =-1-¢s
Threshold Voltage 30 - - - - - - - - - 113 - - - 210 - 3| 2t C
14 @ l _ l - - ‘ - - - - - - - - ‘ uw| - | - l
15 @ - - - - - - - - - - - 15 - -
Logic 0" VoLa | 2 — — — — - — — — 7 — — — 7 T3 I
Preeold Voltage 2 - 3.450 - S 349 | Vde - - - 1::3 - - - :.13 2 1-1: 8
4 - - - ‘ - l - - - - - - - - l “| - | - l
15 - - - - - - - - - - - - % | - -
Short Circuit Current los 7 ~20 265 ~20 — 265 20 65 mAdc 5 a - - - - - - 6 - - - 8

(panuiuod) ZLOZLIW



929

Pi MC12012 TEST VOLTAGES/WAVEFORMS APPLIED TO PINS LISTED BELOW:
in
Under | 0% +25% +75°C Pulse | Pulse | Pulss |ViHmin|ViLmin | VF | Vee |Vcc
Characteristic Symbol | Test Min | Max | Min | Typ | Max | Min | Max | Unit Gen.1 | Gen.2 | Gen.3 | +1.100 | +0.130 | -3.0V |-300or-32]| +2.0
Propagation Delay tigez+ | 122 | - | - |20]|30]40| - | - ns 12 - - - 11,13 | 9,10 8 6,16
(See Figures 3 and 4) 19243+ | 123 - - 3.0 - - - - - 11,13 9,10
12+ 12,2 - - 28 - - - - - 11,13 | 9,10
t1243- 12,3 - - 28 - - - - - 11,13 9,10
ty414+ | 114 | - 1 - 30 -] - 1 - - - - -
t1+15+ | 115 - - 3.0 - - - - - - -
t9414- 114 - - 28 - - ‘ - - - - -
11415- 1,15 - - 28 - - - - - . =
547+ 5,7 - - 80120 - | - A - - - - -
t5-7- 5,7 -1 - 50 | 100 - | - A - - - - -
Output Rise Time 2+ 2 - - - 20 - - — ns 12 - - - 11,13 9,10 8 6,16
(See Figure 4) 13+ 3 - - - 20 - - - 12 - - - 11,13 9,10
14+ 14 - - - 120 - - - ‘ 1 - - - - - l l
t15+ 15 - - - 20| - - - 1 — - - -
Output Fall Time t2- 2 - - - 20 - - - ns 12 - - - 11,13 9,10 8 - 6,16
(See Figure 4) 13- 3 - - - l120]| - - - 12 - - - 11,13 9,10
t14- 14 - -1 -1]20] - | -] - 1 - - - - - &
t5- 15 - - - 120 - - - 1 - - - - -
Setup Time Hotupt | 11.13 - 4.0 - 24 | 30 - 4.0 ns 12 11/13 - - 13/11 9,10 8 6,16
(See Figure 5) tsetup2 | 9.10 - 70 - | 50| 70| - | 85 ns 12 - 9/10 - 1,13 10/9 8 6,16
Releese Time tet1 | 1113 | — [ 25| — [ 1220 — [ 20 [ ns 12 11/13 - - 13/11 | 9,10 8 6,16
(See Figure 5) tral2 9,10 - 40| — | 25|35 | - | 20 ns 12 — 9/10 - 11,13 10/9 8 6,16
Toggle Frequency fmax MHz
Figure 6 (+5) 2 - — |178|200 ] - - - - - - 1" 13 9,10 8 16
(+6) 2 - - - - - - - - - 11,13 9,10
=2 14 - - ‘ - -l - - - - - - -
Figure 7 (<10 or 11) 14 - — - - - - - - - - -

@ Al MECL outputs (2,3.14,15) are terminated to VEg through
an external 510 Q resistor during the DC tests.

@ Test outputs of the device must be tested by sequencing through
the truth table. All input, power supply and ground voltages
must be maintained between tests. The clock input is

_.I—I:tmax
ViLmin

@ In addition to meeting the output levels specified, the device
must divide by 5 during this test. The clock input is

—rli-‘max

ViLmin

@ In addition t6 meeting the output levels specified the device
must divide by 2 with a clock input of

_r-limmm
ViLAmax

@ In addition to meeting the output levels specified, the device
must divide by 6 during this test. The clock input’is

ﬂmax
ViLmin
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MC12012 (continued)

FIGURE 3 — AC TEST CIRCUIT

NOTES: =

All input and output cables to the scope are equal lengths of
60 2 coaxial cable.

All unused cables must be terminated with 50 ohms.
All resistors are + 1%.

which includes probe,

Ct = 15 pF = total parasitic

wiring, and load capacitance.

\Z =+2.0V
J Vin vec ?Vour
25 "FI IO.' uF
r——————— —_ e —— —
Pulse Generator #1 350 | j|
(EH 137) )b o Vout
3100 | | ?
. (10)
[ Vin li2)
PRF =2.0MHz = © | D Qi Q2 a3 50
PW =50% Duty
Cycle (13) |(3)
Input Pulse as—to
t+=t-=2.0+ 0.2
o * ns 950 l &
ulse
Generator —o on lc1a) Vee = +2.0 V
#2 o0
(EH 137) 5o Toggle [ 3950T
C Flip- 400
50 |
Pulse Generator #3 L F'°gd L(015) o
T ¢
(EH 137) I
Input Pulse + [ MMD6150
MECL
t+=t-=5.0£05ns 100 to l y or equiv
1 MTTL I FCT Y
- Trans | MTTL OUT | MMD7000
lator 4 or equiv
MC10109 or equiv l————— __________ _J
A
otuF‘[ iVEE (8)=-3.20r-3.0V
100 T s

Vegg=-3.20r-30V

The 950-ohm resistor and the scope termination impedance

constitute a 20:a attenuator probe.

The 50-ohm resistor and the scope termination impedance con-

stitute a 2: 1 attenuator probe.

. FIGURE 4 — AC VOLTAGE WAVEFORMS

Pulse
Generator
1

Q3
(2)

a3
3)

Q4
(14)

Qa4
(15)
(5)
MTTL

Out
7)
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MC12012 (continued)

FIGURE 5 — SETUP AND RELEASE TIME WAVEFORMS

Pulse
Generator
LI/
setup 1
Puise
Generator

tsat:
Pulse setup2

Generator
3

a3
(-]

Pulse
Generator

Pulse
Generator

Pulse
Generator

5/ AN
2 Divide by §

FIGURE 6 — MAXIMUM FREQUENCY TEST CIRCUIT

Vee =+2.0V
Vout Vout
(10) | | 50
e
| D Qi}44{0 a2|44D a3 50
(9) (2)
(13) |(3)
a3 ,—‘-0—
Tav an r |
soxf | I v |
+0.3V in (12) lc1a)
O-I-——— aa
(1) Toggle I
] Flip- |
Flop (15)
| Q4 }
Puise |
50
Generator - (5) + [mecL : 100
(EH 122) ! to
or equiv 100 | MTTL | <
| Trans | pmyTLouT |
lator ]
= (4) L _J
0.1 FFI'[ iVEE =-320r-3.0V

NOTE: Output Waveforms are same as shown in Figures 4 and 5.
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MC12012 (continued)

FIGURE 7 — MAXIMUM FREQUENCY TEST CIRCUIT

______________ -
I
I
+MECL |
o ||
MTTL
Trans I7
— lator H-o
Puise I
Generator
(EH 122) —_— —J

1 - 4
J U
+0.3 VEg =-3.20r-3.0V
v
s'f:"lil Izl |3| |4| |5| |s| |7| |e| Isl |10| |11| | | | I
+11| 1 |
1o I [

NOTE: For divideby 11 connect 11 to V|_=+0.130and 9 and 10to Vg = -3.0 V
For divide by 10 connect 11 to V|y =+1.1600r9 or 10to Vg = 0.0 V

FIGURE 8 — STATE DIAGRAMS
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MC 12012 (continued)

FIGURE 9 — +5/6

MTTL E4 10 — I
O aQil—+—{D Q2| Q3 MECL
MTTLE3 9 Toggle to
Flip 0.;1TTL
MECL €2 13 | Flop rans
-lator
MECL E1 11 [_ F
12 321 1415 5 4 7
c QsQ3ca Q4ada+ — MTTL
ouT
Divide by 2 count| a1 | a2 | a3
use Toggle
Flip-Flop 6 0 1 1
7 1 1 1
5 1 0 1
E1+E2+E3+E4=1 7 T | 0 | o |E1rE2+E3*E4=0
0 0 0 0
2 0 1 0
To obtain a MTTL output connect 5 and 4-to
2 and 3 or 14 and 15 respectively.
FIGURE 10 — ~10/11
MTTL E4 10 1
MTTLE3 9 O Q140 24D a3 ECL
Togle to
Flip TTL
MECL E2 13 Flop Trans-
] lator
MECL E1 11
l 3]2] |1 14 |1s[5| |a
co12 _
Q3 Q3 ca Q4]gs + - 2
’ MTTL
count| Q1| @2 | a3 | aa Out
14 [ 1 1 1
15 1 1 1 1
13 1 0 1 1
9 1 0 0 1
8 o [) 0 1
E1+E3+E4=1 10 ) 1 [}) 1 E1+E3+E4=0
7 1 1 1 0
5 1 0 1 0
1 1 ] 0 0
0 0 0 0 0
2 [) 1 ) 0

To obtain a MTTL output connect 5 and 4 to
14 .nq 16 respectively.
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MC 12012 (continued)

FIGURE 11 - - - 10/12

MTTL E4 10 = L
D D Q2| a3 MECL
MTTLE3 9 T‘;'I’,“" MTTL
ip
1 Fio Trans
MECLE2 13 - ° -lator
MECL E1 11 r —l
12 321 1415 54 7
To obtain aMTTL output connect 5 and 4 to ¢ COUNT | a1 Q2 a3 Q4 | asasca QeQar- %TJ:'L
14 and 15 respectively. 14 [}] 1 1 1
15 1 1 1 1
13 1 0 1 1
9 1 0 0 1
8 0 0 0 1
10 0 1 0 1 E1+E2+E3+E4=0
E1+E2+E3+E4=1 l 6 (] il ] [
7 1 1 1 0
3 1 0 T 0
1 1 0 0 0
0 [ 0 0 o
2 0 1 ] o 0
FIGURE 12-- 20/21
% MC3060
MTTL E4 10 ]
o 445 a2+ a3 MECL o ol
Toggle o
Flip ' MTTL
MECL E213 Flop Trans
MECL E111 I_ e ° ar
r 3] J2[1 14| pslsla
12 a3 ca  aa] L I- 7
[ Q3 Qa
To obtain a divide by 20/22 omit Q5 to 10. COUNT | a1 Q2103]04) 05
To obtain a divide by 20/24 omit 14 to 13. 30 0 1 1 1 1
31 1 1 1 1 1
29 1 0 1 1 1
26 1 0 0 7 1
24 0 0 0 7 1
26 0 1 0 1 1
23 1 1 1 0 1
21 1 0 1 0 1
17 1 [] 0 0 1
16 0 0 0 0 1
E1+E3=1 18 0] 1] 0] o 1 E1+E3=0
16 1 1 1 1 0
13 1 0 1 1 0
9 1 0 0 1 0
8 0 0 0 1 0
10 0 1 0 1 0
7 1 1 7 0 0
3 1 o 1 [) 0
1 1 0 0 0 0
0 0 0 0 0 0
2 0 1 0 0 0
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MC 12012 (continued)

FUNCTION DESCRIPTION

INTRODUCTION

The MC12012 isone part of a variable modulus (divisor)
prescaling subsystem used in certain Digital Phase-Locked
Loops (PLL).

More often than not, the feedback loop of any PLL
contains a counter-divider. Many methods are available
for building a divider, but not all are simple, economical,
or convenient in a particular application.

The technique and system described here offer a new
approach to the construction of a phase-locked loop divi-
der. In addition to using the MC12012 variable modulus
prescaler, this system requires an MC12014 Counter Con-
trol Logic function, together with suitable programmable
counters (e.g. MC4016s). Data sheets for these additional
devices should be consulted for their particular functional
descriptions.

THE MC12012 TWO MODULUS PRESCALER

Three functional blocks are contained in the MC12012
variable modulus prescaler: 1) a controllable +5/+6 pre-
scaler; 2) a+ 2 prescaler; and 3) an ECL to TTL translator
(for single power supply operation).

Selection of division by 5 or by 6 is made by inputs
to E1 through E4. |If all E inputs are low before the tran-
sition of the clock pulse driving Q3 high, Q3 will stay
high for 3 clock pulses, then will go low for 3 clock pulses.
This provides a divide by 6 function.

On the other hand, if any one or all of the E inputs
are high prior to the positive transition of the clock pulse
driving Q3 high, Q3 will stay high for only 2 clock pulses,
then will go tow for 3 clock pulses. The result is division
by 5.

For the =5 operation, at least one of the E inputs must
go high sometime before the clock pulse. This time is
referred to as the “‘setup time.”” Specifications for setup
time are given in the electrical characteristics table: tsetup1
and tgetyp2 for E1 and E2 (MECL inputs), and E3 and
E4 (MTTL inputs).

For the divide by 6 operation all E inputs must be low
for some time prior to the clock pulse. This time is re-
ferred to as the “‘release time.”” Data for release time is
given in the electrical characteristics table; tre1 and tre2
for E1, E2, E3, E4.

The data given in the tables for setup and release times

are referenced to the positive transition of the clock pulse
causing Q3 to go high. If it is necessary to reference the
setup and release times to the positive transition of Q3,
add t++ (specified for Q3) to the setup/release times given.
It shoyld be noted that the logic states for the enable
inputs are important only for only one clock pulse which
causes Q3 to go high (within the limits specified by setup
and release times).

The + 5/+ 6 prescaler may be connected externally to
the + 2 prescaler to form a+ 10/ 11 prescaler (Figure 10)
or a+ 10/+ 12 prescaler (Figure 11).

By way of an example showing how a + 10/+ 11 pre-
scaler operates, note that if E1, E3, and E4 (Figure 10)
are held in a low state, the counter divides by 11. To do
this, a feedback connection is established from Q4 to E2
(or to E1). With this feedback, the + 5/~ 6 prescaler di-
vides by 5 when Q4 is high, and by 6 when Q4 is low.

Since Q4 changes state with each positive transition of
Q3, the prescaler alternates between + 5 and + 6 resulting
ina+ 11at Q4.

If any one or all of the E inputs are high (Figure 10),
the 5/6 prescaler always divides by 5 and a divide by 10
results at Q4.

With the addition of external flip-flops and counters
(MECL or MTTL) various other modulus prescalers may
be produced (20/21, 20/22, 20/24, 40/41, 50/51, 100/
101, etc.).

THE TECHNIQUE OF DIRECT PROGRAMMING BY
UTILIZING A TWO MODULUS PRESCALER (MC12012)

The disadvantage of using a fixed modulus (<~ P) for
frequency division in high frequency phase-locked loops
(PLL) is that it requires dividing the desired reference
frequency by P also (desired reference frequency equals
channel spacing.)

The MC12012 is specially designed for use with a tech-
nique called “variable modulus prescaling”. This technique
allows a simple MECL two-modulus prescaler (MC12012)
to be controlled by a relatively slow MTTL programmable
counter. The use of this technique permits direct high-
frequency prescaling without any sacrifice in resolution
since it is no longer necessary to divide the reference fre-
quency by the modulus of the high frequency prescaler.
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MC12012 (continued)

The theory of “variable modulus prescaling’” may be
explained by considering the system shown in Figure 13.
For the loop shown:

fout=N®P®frof (%))

FIGURE 13 — FREQUENCY SYNTHESIS BY PRESCALING

fout=NoPe@f ¢

Reference /
ey oo, @
Det.
(fref) .

where P is fixed and N is variable. For achange of 1in N,
the output frequency changes by P ® fef. |If fref equals
the desired channel spacing, then only every P channel
may be programmed using this method. A problem re-
mains: how to program intermediate channels.

" One solution to this problem is shown in Figure 14.

Programmable
M Divider
=N

FIGURE 14 — FREQUENCY SYNTHESIS BY PRESCALING

Reference
Frequency -> Pg::e
(fref) y

Programmable
Divider
~N

four =N @ frof

F (s) vco

A+ P is placed in series with the desired channel spacing
(frequency) to give a new reference frequency: channel
spacing/P.

Another solution is found by considering the defining
equation (1) for fo,t of Figure 13. From the equation
itmay be seen that only every P channel can be programmed
simply, because N is always an integer. To obtain inter-
mediate channels, P must be multiplied by an integer plus
a fraction. This fraction would be of the form: A/P. If
N is defined to be an integer number, Np, plus a fraction,
A/P, N may be expressed as:

N =Np + A/P.
Substituting this expression for N in equation 1 gives:
fout = (Np+ A/P) @ P @ frof (2)
or: fout=(NpPP + A) @ fref (3)
fout=NpO®P @ fref + A® fref. (4)

Equation 4 shows that all channels can be obtained directly
if N can take on fractional values. Since it is difficult

to multiply by a fractional number, equation 4 must be
synthesized by some other means.

Taking equation 3 and adding +AP to the coefficient
of fref, the equation becomes:

fout=(Np@P+A+AGP —A®P) fref.  (5)
Collecting terms and factoring gives:
fout= [(Np — A) P+ A (P +1)] fref (6)

From equation 6 it becomes apparent that the frac-
tional part of N can be synthesized by using a two-modu-
lus counter (P and P + 1) and dividing by the upper modu-
lus, A times, and the lower modulus (Np - A) times.

This equation (6) suggests the circuit configuration in
Figure 15. The A counter shown must be the type that

FIGURE 15 — FREQUENCY SYNTHESIS BY TWO
MODULUS PRESCALING

fout = Nfref

|

Refarence
Frequency
(fref)

|VCO

2 Modulus
Prescaler
P.P+1

Programmable
s » C s

+A

Programmable
(]

+Np

N’NpQP+A

counts from the programmed state (A) to the enable state,
and remains in this state until divide by Np is completed
in the programmable counter.

In operation, the prescaler divides by P + 1, A times.
For every P + 1 pulse into the prescaler, both the A coun-
ter and Np counter are decremented by 1. The prescaler
divides by P + 1 until the A counter reaches the zero state.
At the end of (P + 1) ® A pulses, the state of the Np
counter equals (Np - A). The modulus of the prescaler
then changes to P. The variable modulus counter divides
by P until the remainingcount, (Np - A) in the Np counter,
is decremented to zero. Finally, when this is completed,
the A and Np counters are reset and the cycle repeats.

To further understand this prescaling technique, consi-
der the case with P = 10. Equation 6 becomes:

fout=(A+ 10 Np) ® fref (7)

If Np consists of 2 decades of counters then:

Np =10Np1 +Npg
(Np1 is the most significant digit),

and equation 7 becomes:



MC12012 (continued)

FIGURE 16 — DIRECT PROGRAMMING UTILIZING

TWO-MODULUS PRESCALER
F4]
Z1
Z2 Eo
E wmcizorze | (® z3
MTTLoye fin
fin—s]c1 Fo Mc12014
P1
*Connected _ 7 ©
for +10/11 P2 out fout
P3
&
Qoai1Q2a3 Qo0 at1Q2a3 6
Le-fc  Mca018 C  McC4016 C  Mc4018
R
PE PE PE
A N1 NO
FIGURE 17 —- WAVEFORMS FOR DIVIDE BY 43
| 11Puises | 11Pulses | 11Pulses | 10Pulses | 11Puises | 11Pulses | 11Pulses |
fin
® | ! | 1 I 1 J ! J ! J 1 | . —
® I 1 [ 1
© | +——————————— 1 Cycle = 43 Pulses ———————————|
fout | S | N
FIGURE 18 — WAVEFORMS FOR DIVIDE BY 42
| 11Pulses | 11Pulses | 10Pulses | 10Puises | 11Pulses | 11Pulses | 10Pulses |
fin  MMAMARANAAANAARTARIIAAARIAATTITARARAARUU IR TUIIUIAR
@ T L ] L ] ! 1 | | S | | J 1 |
I L J 1
© Je——————————— 1Cycle =42 Pulsess ——————=]
fout | S | | I
FIGURE 19 — WAVEFORMS FOR DIVIDE BY 44
| 11Pulses | 11Pulses | 11Pulses | 11Pulses | 11Puises | 11Pulses | 11Pulses |
tin  ITRAMAMARTTTIAARIATARIMAARTTIARTIMAR UV UUUUU U UUUUURARIL
® | | J J S| ! ] | J L J 1 [ 1 I
® Vv
© Je————————— 1Cvcle = 44 Pulses———————————»|
fout | S T I
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MC12012 (continued)

fout = (100 Npy +10 Npg + A) fref.

To do variable modulus prescaling using the MC12012
and programmable divide by N counters (MC4016,
MC4018, one additional part is required: the MC12014
{Counter Control Logic).

In variable modulus prescaling the MC12014 serves a
dual purpose: it detects the terminal (zero) count of the
A counter, to switch the modulus of the MC12012; and
it extends the maximum operating frequency of the pro-
grammable counters to above 25 MHz. (See the MC12014
data sheet for a detailed description of the Counter Con-
trol Logic).

Figure 16 shows the method of interconnecting the
MC12012, MC12014, and MC4016 (or MC4018) for vari-
able modulus prescaling. To understand the operation of
the circuit shown in Figure 16, consider division by 43.
Division by 43 is done by programming Np1 = 0, Npg = 4,
and A= 3.

Waveforms for various points in the circuit are shown
in Figure 17 for this division. From the waveforms it
may be seen that the two-modulus prescaler starts in the
divide by 11 mode, and the first input pulse causes point
A to go high. This positive transition decrements the
Np counter to 3, and counter A to 2.

After 11 pulses, point @ again goes high; the Np
counter decrements to 2 and the A counter to 1. The
“2" contained in the Np counter enables the inputs
to the frequency extender portion of the MC12014. After
11 more pulses point @ goes high again.

With this position transition at @ , the output (fout)
of the MC12014 goes low, the Np counter goes to 1,

and the A counter goes to 0. The zero state of the
A counter is detected by the MC12014, causing point
o go to 1 and changing the modulus of the MC12012 to
10 at the start of the cycle.

When fo,t goes low, the programmable counters are
reset to the programmed number. After 11 pulses (the
enable went high after the start of the cycle and therefore
doesn’t change the modulus until the next cycle), point
(@ makes another positive transition. This positive transi-
tion causes fgout to return high, release the preset on the
counter, and generates a pulse to clear the latch (return
point ® to 0).

After 10 pulses the cycle begins again (point was
high prior to point @ going high). The number of input
pulses that have occured during this entire operation is:
11+ 11+ 11 + 10 = 43. Figures 18 and 19 show the
waveforms for divide by 42 and divide by 44 respectively.

The variable modulus prescaling technique may be used
in any application as long as the number in the Np counter
is greater than or equal to the number in the A counter.
Failure to observe this rule will result in erroneous results.
(For example, for the system shown in Figure 16 if the
number 45 is programmed, the circuit actually will divide
by 44. This is not a serious restriction since Np is greater
than A in most applications).

It is important to note that the A counter has been
composed of only one counter for discussion only; where
required, the A counter may be made as large as needed
by cascading several programmable counters. Figure 20
shows the method of interconnecting counters. Opera-
tion is previously described. The number of stages in the
A counter should not exceed the number of stages for the

FIGURE 20 — METHOD OF INTERCONNECTING COUNTERS

20
zZ1
z2 [

Z3
E MTTLo e B2
f MC12012 finMC 12014
n—*c1 PO
) -
P2 fout fout
P3
—=181
______ - . o
| . ' 1  M---£Z27)
G0a102Q3 a3 3_‘-|- a3 ! Il [Goaiazas a3 B-:L a3 ! Q™"
c MC4016_ MC4016 R HC MC4016 B HC MC4016 Bl =1C MC4016_ | “=Ic MC4016 R Le|c MC4016 8- | ‘|c Mc401s__s}-'
PE PE PE ____gie PE PE PE _ _ _ _PE|
[ NN
L1t} |8 5 S et PPEEY It
IIIT T 111 T LIS 1 ||!II “Frrrs--
A0 A1l A2 : Npo Npq Np2
.\ 2 % v‘ 7
A Counter Np Counter

A =100 A2 + 10 A1 + AD

Np =100 Np2 + 10 Npq + Npg
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MC12012 (continued)

FIGURE 21 — DIRECT PROGRAMMING 100-200 MHz SYNTHESIZER IN 50 kHz STEPS

60 kHz m o vco fout = 100 10 200 MHz
Ref Det. s

Frequency MC4044 Mc1648 in 50 kHz ]
steps.

l— : % 10411 ¢-I
Eout MC3060 |  |mrTL
MC12014 c a c— out
YoutP3P2 p1 F082237271Z0| [4 a oh MC12012
81 I [}
+20/721
[ ]
8 R Q3 B Q3Q2Q1Q0 8 R Qo
MC4016 C MC4016 C MC4016 C =] MC4016 C e MC4016°* C
PE D3 D2D1DO PE D3D2D1DO PE D3D2D1DO PE D3D2D1D0 PE D3D2D1D0
100 MHz 10 MHz 1 MHz 100 kHz "50 kHz

*Used -as Modulus Two Programmable Counter.
Also could use MC4017.

FIGURE 22 — FM BAND SYNTHESIZER WITH 10.7 MHz |.F. OFFSET

MC4a044
F(s) Mgfso“ ++ fout = 98.8-118.6 MHz
in 200 k Hz steps.
Eout MTTL
MC12014 c Out+ 40/4 12
fout P3P2 P1P0Z3Z2 Z1Z0 MC12012
81 [
|
8 R Q3azQiqo Qoa1a@za3
mca018 € MC4016 C mca016
PE D3D2D1D0 PE D3D2D1DO PE D3D2D1DO
| EEEN P11 }
paL | | || omac | [ 1] DIAL H
8 1001 P 0000 K] ‘o 100
° 1010 1 0001 3 |0 101
10 10 11 2 0010 5 o110
3 0011 7 o111
a 0100 9 1000
5 o101
6 0110
7 o111
8 1000
9 1001
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MC12012 (continued)

Np counters. As many counters as desired may be cas-
caded, as long as fan-in and fan-out rules for each part
_are observed. )

The theory of “‘variable modulus prescaling’” developed
above, examined a case in which the upper modulus of
the two-modulus prescaler was 1 greater than the lower
modulus. However, the technique described is by no means
limited to this one special case. There are applications
in which it is desirable to use moduli other than P/(P + 1).

It can be shown that for a general case in which the
moduli of the two-modulus prescaler are P and P + M,
equation 6 becomes:

fout=[(NP— AP+ A (P+M)] @ fref
or

fout= INPOP+M@A] @ fref. (8)

From equation 8 it may be seen that the upper modulus
of the two-modulus prescaler has no effect on the Np
counter, and that the number programmed in the A coun-
ter is simply multiplied by M.

APPLICATIONS

There is no one procedure which will always yield the
best counter configuration for all possible MC 12012 appli-
cations: Each designer will develop his own special design
for the counter portion of his PLL system.

An insight into some of the various possible counter
schemes may be obtained by considering the various PLL
systems shown in Figures 21, 22, and 23. These examples
were chosen to show some of the moduli that may be
obtained by using the MC12012.

FIGURE 23 — UHF SYNTHESIZER USING 10/12 COUNTER

fout = 103.2-186.0 MHz

progremmed in previous counter. READING
1 0 00
2 0 0 1
3 o010
4 o 11
5 100
6 101
7 110
8 111

MC4044 in 1.2 MHz steps. fout = 516-930 MHz
in 6 MHz steps.
600 kHz
Reference F(S) M(\:/::Goda
Frequency For use with
46 MHz
|.F. Strip
Eout . . ..E
MTTL™ 10/7 12
, o Meciuois  c out MC12012
fout P3P2P170Z23222130 c
B1 T [}
. l I : 1 l
Q % Q3 g2Q1Q0 Q3Qa2qQ1Q0
MC3060 mca018 € McC4018
G R D PE D3D2D100 PE D3 D2D1DO
*Flip-Flop adds 16 to the number SWITCH I l r = SWITCH T 1‘1 T

READING
o 0010
1 00 11
2 0100
3 01 01
4 0110
5 o1 11
6 1000
7 1001
8 1010
9 10 11
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PHASE-FREQUENCY
DETECTOR

MCi12040

MECL Phase-Locked Loop Components

The MC12040 is a phase-frequency detector in-
tended for use in systems requiring zero phase and
frequency difference at lock. In combination with a
voltage controlled oscillator (such as the MC1648),
it is useful in a broad range of phase-locked loop
applications. Operation of this device is identical to
that of Phase Detector #1 of the MC4044. A dis-
cussion of the theory of operation and applications
information is given on the MC4344/4044 data sheet.

® Operating Frequency = 80 MHz typical

CERAMIC PACKAGE

CASE 632.02
Veer 1 — l—14 Ve
NC 2 — ——13 NC
V] 3 — —2 D
U 4 — — 11 D
NC 5 — —10 NC
R 6— —9 Vv
Veg 7 — — 8 NC

NC — No Connection

R6

v9

Veer = Pin 1
Veg2 = Pin 14
Vee3 = Pin 7

—\ b—O 4 U (fR>fy)
30 (fR>Fy)

12D (fy > TR)
{ —O 11D (fy >fR)
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MC 12040 (continued)

ELECTRICAL CHARACTERISTICS INPUT] OUTPUT
alvivlololo TRUTH TABLE
The MC12040 has been designed to meet the dc specifi-
cations shown in the test table after thermal equilibrium ofo | xpx)xx This i . .
has been established. Outputs are terminated through a of1 | Xx|xpx|x his is not strictly a functional
50 ohm resistor to +3.0 V for +6.0 V tests and through T XX XX truth table; i.e., it does not cover
250 ohm resistor to -2.0 V for -5.2 V tests. 011 IXIXIXIX all possibile modes of operation.
; : : g 01 However it gives a sufficient num-
111 l1le g : ber of tests to ensure that the de-
ilol1lolols vice will function properly in all
6 R 4 RENGICEERE modes of operation.
110|001 |1
Ob—3 111 ]of1]1]o
1]0]0]1]110] X =Don't Care
1101 ]1 (0
b n ofrjof1gtfo TEST VOLTAGE VALUES
1{1j10]0]1}0
99—V (Votts)
—12 eTem
Temperature ViHmax | Vit min | ViHAmin| ViLAmax| VeE
0°c -0.840 -1.870 -1.145 -1.490 52
25°C 0810 -1.850 1,108 ~1475 52
Supply Voltage = -5.2V 75% 0720 1830 21,045 ~1.450 52
Pin MC12040 TEST VOLTAGE APPLIED TO PINS LISTED BELOW:
Under 0°c 259 +75°C . Wee)
Cheracteristic Symbol | Test | Min | Max Min | Typ [ Max Min [ Max [ Unit | Vitmex | Vit min | ViHAmin| ViLAmex| Vee | Gnd
Power Supply Drain Current [ 7 - - -60 -90 [ -120 - - | mAd - - E 7 114
Input Current UNH 6 - 350 uAde 6 - - - 7 14
9 - - - 350 - uAde 9 7 114
hNL 6 - 05 - - - - uAdc B 3 7 714
9 - 05 - - - uAde ) - 7 4
Logie 1 vor(D| 3 | -1000 [ -0840 | -0.960 - | -0810(-0900 | -0.720 | Ve - 7 118
Output Voltage a - z
mn - -
12 1 N 1 l 1 - ~ - 1 l
Logic 0" voL®| 3 | -1870 | -1635 | -1.850 -1620 | -1830 [ -1.595 | vac - - 7 114
Output Voltage a - - - R
11 - .
12 1 - 1 1 1 l . 1
Logic "1 VonA@ 3 -1.020 -0.980 - -0.920 Vde 6.9 7 114
Threshold Voltage a -
" -
2 1 1 - 1 - l 1 1
Logic 0" voLa@| 3 - -1615 | - -1.600 41575 | vde - 9 6 7 114
Threshold Voltage 4 - l - 1 ) H H l
1" - - 9 6
12 - - - 6 )
TEST VOLTAGE VALUES
(Vorts)
@Ten
Temperature Vikmax | ViLmin | Viamin| ViLAmax| Vco
0°c +3.160 +3.130 | +3.856 43510 | +5.0
25°% +4.190 +3.150 | +3.895 +3525 | +50
Supply Voltage = +5.0V 75°C +4.280 +3.170 +3.955 +3.550 +6.0
Pin MC12040 TEST VOLTAGE APPLIED TO PINS LISTED BELOW:
Under 0% 25°% +75°C (Veg)
Characteristic Symbol | Test Min Max Min Typ Max Min Max Unit ViHmax | Vit min | ViIHA min [ ViLamex| Vce Gnd
Power Supply Drain Current I 7 -60 -85 | -115 mAdc 114 7
Input Current HINH 6 350 - uAdc 8 114 7
9 . 350 uAde 9 114 7
hNL 6 - 05 - B wAdc 3 114 7
9 05 uAde 9 114 7
Lagic 1" von®| 3 4.000 | 4.160 | ‘4.040 - 4190 | 4100 | 4280 | Vdc 114 7
© Output Voltage 4 )
" -
12 l - l l l
Logic 0" Vm_@ 3 3.190 | 3.430 | 3.210 3.440 | 3.230 | 3470 Vde 114 7
Output Voltage 4
1"
12 1 l l .
Logic "1 Vona@{ 3 | 3980 4.020 4.080 Ve 6.9 114 7
Theeshold Voltage 4 -
" -
HREER! b 1 R
Logic 0" voLa®| 3 - 3.450 - 3.460 - 3490 | Vo 9 6 114 7
4 - 6 9
Threshold Voltage o : _ l l 9 6 l l
12 - 6 9

@ Outputs of the device must be tested by sequencing through the truth table. All input, power supply and ground voltages

must be maintained between tests.
@ The device must also function eccording to the truth table during these tests.
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MC12040 (continued)

AC TESTS

To Scope Channel A Vee = +20 v

PRF = 5.0 mHz
Duty Cycle = 50%

To Scope Channel B

=t-=15ns:02ns 1
Pulse : of—o— )0
(i)———._o 9
Gen 2 o— Vv 5 12 E
7
0.1 uFI Vgg = -3.2 or -30 V

NOTES: - +1.1Vv
Pulse
1. All input and output cables to the scope Gen. 1 _/
are equal lengths of 50 Q2 coaxial cable. +0.3v
+1.1v
2. Unused input and outputs are connected Pulse
to a 50 Q resistor to ground. Gen. 2
N f +0.3v
3. The device under test must be precondi- o f- t4 4
tioned before performing the ac tests. t"'_-: t- b =t
Pr ditioning may be lished by 80%
applying puise generator 1 for a minimum \?V::::;rm A 50%
of two pulses prior to pulse generator 2. 20%
The device must be preconditioned again 4 = b - t+ t-
when inputs to pins 6 and 9 are inter- B0%
changed. The same technique applies. Output 50%
Waveform B
20%
TEST VOLTAGES/WAVEFORMS
MC 12040 APPLIED TO PINS LISTED BELOW:
i Outpet 0°C +265C +765C Puise | Pulse Ve Vec
Charascteristic Symbol Test Waveform Min | Max | Min | Typ | Max | Min | Max | Unit | Gen. 1 | Gen. 2 | -300r -32V | +20V
Propagation Delay g4+ 64 B - 128|116 - 28 - |38 ns 6 9 7 1,14
18+12+ 6,12 A — |45 |26 - | 45 - |57 9 6
843~ 63 A - (28|16 - |28 | — |38 6 9
B+11- 6.1 B - |48 |28 - |48 | — |61 9 6
9r11+ an 8 - |28 |16 - 28 - |38 9 6
1943+ 93 A - | 45 | 26 - |45 - | 67 6 9
19412~ 9.12 A - |28 |16 - 28 - | 38 9 6
1944 94 B - |48 | 28 - |48 e A 6 9
Output Rise Time 3+ 3 A — |24 o8 |15 ]24 - |3 ns 6 9 7 1,14
s+ 4 8 - - 6 ]
41+ 1" 8 - - 9 6
112+ 12 A - - 9 ]
Output Fall Time 13- 3 A — 24|08 (15 |24 | — |31 | m | 6 E] 7 .14
- 4 8 - - 6 9
11~ 1 8 - l - 9 6
42— 12 A - - 9 6
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MC12040 (continued)

APPLICATIONS INFORMATION

The MC12040 is a logic network designed for use as a phase
comparator for MECL-compatible input signals. It determines the
“lead’’ or “lag” phase relationship and the time difference between
the leading edges of the waveforms. Since these edges occur only
once per cycle, the detector has a range of 12n radians.

Operation of the device may be illustrated by assuming two
waveforms, R and V (Figure 1), of the same frequency but dif-
fering in phase. If the logic had established by past history that
R was leading V, the U output of the detector (pin 4) would pro-
duce a positive pulse width equal to the phase difference and the D
output (pin 11) would simply remain low.

On the other hand, it is also possible that V was leading R

detector (U and D). Using this technique the quiescent differential
voltage to the operational amplifier is zero (assuming matched ‘1"
levels from the phase detector). The U and D outputs are then used
to pass along phase inf ion to the ope i amplifier, Phase
error summing is accomplished through resistors R1 connected to
the inputs of the operational amplifier. Some R-C filtering im-
bedded within the input network (Figure 2) may be very bene-
ficial since the very narrow correctional pulses of the MC12040
would not normally be integrated by the amplifier. General de-
sigh guides for calculating R1, R2, and C are included in the
MC4044 data sheet. Phase detector gain for this configuration is ap-
proxi ly 0.16 volts/radian.

(Figure 1), giving rise to a positive pulse on the D output and a con-
stant low level on the U output pin. Both outputs for the sample
condition are valid since the determination of lead or lag is depen-
dent on past edge crossing and initial conditions at start-up. A
stable phase-locked loop will result from either condition.

Phase error information is contained in the output duty cycle —
that is, the ratio of the output pulse width to total period. By
integrating or low-pass filtering the outputs of the detector and
shifting the level to accommodate ECL swings, usable analog infor-
mation for the voltage-controlled oscillator can be developed. A
circuit useful for this function is shown in Figure 2.

Proper level shifting is acomplished by differentially driving the
operational amplifier from the normally high outputs of the phase

System phase error stems from input offset voltage in the oper-
ational amplifier, hing of lly equal resistors, and
mismatching of phase detector ‘high’’ states between the outputs
used for threshold setting and phase measuring. All these effects
are reflected in the gain constant. For example, a 16 mV off-
set voltage in the amplifier would cause an error of 0.016/0.16 =
0.1 radian or 5.7 degrees of error. Phase error can be trimmed to
zero ‘initially by trimming either input offset or one of the threshold
resistors (R1 in Figure 2). Phase error over temperature depends
on how much the offending parameters drift. If better performance
were desired, the ‘‘charge pump'’ concept of the MC4044 could be
impl\ ted and sub errors could be reduced considerably
since offsets no longer enter the picture.

FIGURE 1 — TIMING DIAGRAM

R-_I l

.

~—| '—-Laud
R Leads V

(D Output = "O")I l

e N S B B

[L [1.

V Leads R

(U Output = ”o")LI-— LaoAJ | I

FIGURE 2 — TYPICAL FILTER AND SUMMING NETWORK

MC12040

5]

To VCO
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' CRYSTAL OSCILLATOR \

MTTL Phase-Locked Loop Components

MC12060eMC12560
MC12061°MC12561

The MC12060/12560 and MC12061/12561 are designed for use with an
external crystal to form a crystal controlled oscillator. In addition to the
fundamental series mode crystal, two bypass capacitors are required (plus
usual power supply pin bypass capacitors). Translators are provided internally
for MECL and MTTL outputs.

® Frequency Range = 100 kHz to 2.0 MHz for MC12060/12560
= 2.0 MHz to 20 MHz for MC12061/12561
® Temperature Range = -55°C to +125°C for MC12560, 61
= 0°C to +70°C for MC12060, 61
® Single Supply Operation: +5.0 Vdc or -5.2 Vdc
. ® Three Outputs Available: o
1. Complementary Sine Wave (600 mVp-p typ)
2. Complementary MECL
3. Single Ended MTTL

16 L SUFFIX
CERAMIC PACKAGE

CASE 620

P SUFFIX
PLASTIC PACKAGE
CASE 648

MC12060/MC12061 only.

FIGURE 1 — BLOCK DIAGRAM

Bias Vee AGC
Bypess ¢ Filter  sine Wave
0.1uF '_‘ 0.1 uF Output
7 21 Vee 140150 16Qvee 013 012
Voltage Crystal
Reg. Osc.
AGC
Note: 0.1 uF | 6 ] l
e: 0.1 uF power supply t j 80Vee

pin bypass capacitors Crystal
not shown. M

110QVvce
MECL
to 10
MTTL
Trans- MTTL
lator Output

9lvEE

TYPICAL CIRCUIT CONFIGURATIONS Note: 0.1 uF power supply pin bypass capacitors not shown.

FIGURE 2 — FIGURE 3 — MTTL OUTPUT FIGURE 4 — MECL OUTPUT | FIGURE 5 — MECL OUTPUT
SINE WAVE OUTPUT (+5.0 V Supply) (-5.2 V Supply)
e*50V +6.0 vV +5.0V Sj
70 10160119 4 a - 7 mﬁl 7 1116I 49 3. 7§ 1 16(15 4Q 134
O~ Fo—-e + + Fo—o + -o—e
14 }'" Sine 2 }Out 2 Out 2 out
-0+ Out - - MECL - MECL
15 3 3 E: Out 3 out
p-O— 2+ - TTL - -
12 }MECL out 10 14 }ln out 14 }m 12 - 14 }m 12 -
b O + + HOo-e + -o—e
13 15 15 15
W JEE | B Y | BT
D D = = D = 52V
=
CRYSTAL -
REOUIRESMENTS Characteristic MC12060/12560 ] MC12061/12561

Note: Start-up stabilization | Mode of Operation

Fundamental Series Resonance

time is a function of

" A Frequency Range
crystal series resistance.

100 kHz — 2.0 MHz

2.0 MHz — 20 MHz

The lower the resi: Series R

, R1

Minimum at Fundamental

the faster the circuit

stabilizes. Maximum Effective Resistance, Rg(max)

4 k ohms

155 ohms

T
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ELECTRICAL CHARACTERISTICS

Bies  vee AGc

Bypass ’ Filter gine wave

0.1 uF — 0.1 4F  output

T .
1 Vee 40 30 20140150 16QVce
Crystal JAmpl./
Vot
i Ose. AGC
acc

0.1 4F powaer supply
pin bypew capacitors

'LU

js

MECL
Output
—_——

10

MTTL
Output

ot shown. Crystal
TEST VOLTAGE/CURRENT VALUES
Volts mA
@ Test
Temperature | ViHmax| Vit min|ViHAminViL Amax[ViHT|VeCL | o | W
-55°C 407 | 318 | 372 | 349 |40] a5 -04]-25
MC12560,MC12561{ +26°C. | 4.19 | 321 | 390 | 352 [40] 45 -04]-25
+126°C 437 3.25 403 360 |40 45 -04]-25
0°c 4.16 3.19 386 351 |40 | 475 04]-25
MC12060, MC12061 { +259%C 419 | 321 | 390 | 352 | 40478 -04]-25
+75°% 428 | 323 396 | 355 |40]475 -04]-25
Pin MC12060. MC12061 TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW
Under|__-55°C +26°C +126°C [ +26°C +75°C
Characteristic Symbol| Test | Min | Max [Min | Typ | Max | Min | Max | Min | Max [Min | Typ [ Max| Min | Max | Unit VINmuI Vit min| ViHAmi VILAmJVINT Veer| Vec [Veen] low | fon] o | Gnd
Power Supply Drain Current e mAdc|
— MC12060/12560 1l - -3 ]w|w| - -f-]-]w3|[w]|w|-]|- - - - - - -1 v f-1-|-1-]°8
~MC12061/12561 v | -] -|w®]|23|28| -|-|-]|-]w8|23a|]22w| -] - - - - - -t -1t -1-1-1-1s
-1 -f-]soflaof-|-]-]-1]-1|30|40] - - 1 15 - - - | - v - | -] -] -|8se
6| - | - J]13jwe|w|-|-1-]-]13[w]w]|] -|- ~ - - - - -]lwl-]1-1-1-18
Input Current WnH | 14 | - - - -120| - -.1- - - — | 2s0| - — luwade| 14 15 - - - -11we] - - - - 8
15 | - -l -|=s0] - | - 1-]1-]-]-]20] - | - |uade|] 15 14 - - -1 -jwl-1- - 18
IINL | 14 ] - - - ]10] - - - -] 1o] - - |uAde| 15 - - - - 116 - - | 8.4
s [ - -] -1-]10] - 1 -l -]l -1 - luade| 14 - - o e - - |85
Differential Offset Voltage av [aw7] - [ - Jao | -Jas| - -] -]-Je]|-1]325 — [mvae| - - - - s6| -1 -[-]-]-1s8
MC12060/12560 23| - | -~ |220| o |+220] = | - | - | - |-300| 0 |+300{ - | - - - - - 4 - -1 -1 -1 - *
MC12061/12561 203 - | -~ |-100] 0 [+100] - | - | - | - j200]| o [+200] - | - - - ~ - 4 | - -{-1-1-
Output Voltage Level Vouu{ 2 | - -|-]38s|[-|-|-1-[-1-13s]-1]1-1]-1vae - - - - al -1 -1 -1-1-1°8
3 | -1-1-J3ssf -1 -f-1-1-1t_13s -] -1 —]vae] - - - - af-Jlv|l-1-1-1-18
Logic "1 Output Voltage Vowi+| 12 [392] 407|404 - [4.19]4.17[437 [4.00[4.16[404] — | a19[ 410} 4.28] vac| 14 15 - - - -1wel -]-[-11n2]e
13 |392]407]|404| — |4.19] 417|437 [400|4.16]|4.04] - | a.19] 410 a,zar vac | 15 1 - - -1l -1w|-]-1-113|38
Vowz | 10 f24] - J24f -] - 24 - [24] - J24a] -] -] 24] - Jvac] 15 14 - - ~ {16l - [ -] -Jw] -]sse
Logic "0 Output Voltege VoLt1e| 12 | 297339300 — |3.44] 304|350 [298[ 343[3.00] — | 3.44| 302| 3.47[ vac [ 15 14 - -1 -1Tw[-1T-[-11n[s
13 [297[339]3.00] — | 344 304|350 |298]|343]|300| - | 344 3.02| 347] vdc| 14 15 - ~ -1 -1w|-1-|-113]|¢8
vorz| 10| - Jos| - -Jos| - fos|-[os| -] -Tos] -[os[vac| 14 15 - - - el -] - [1w0] -] -]ss
0] -los] -] -los| —los)-los| - | _]los| —]os]vde] 14 15 - - -1 -1 -lnwelw! - | - |89
Logic “1"" Tiweshold Voltage Vowa | 12 [390[ - (402 - [ - |41s| - [398] - |402| - | - [408] - | vdc - - 14 15 -l -1w]| -|-]-]112|8s
13 [390] — J402| — | - fa15] - 1398] - l402| - | - |408] - Jvac] - - 15 14 -l -Jw] -] -1-]113]€8
Logic 0" Threshold Voltage Vora | 12| - [3ar| - | - [346] - Jas2| - [3as| - | - [34a6] - [340] vac| - - 15 i -1 -1w|]-1-]-1112[cs
13| — J341] - | — |346 - J3s2| - |345] -~ | — |346] — | 349 vdc| - - 1 15 -1 -1wl-]-1-113|8
Output ShortCircuit Current los | 10 [ 20] 60 [20] - [60[ 20 60 |20 ] 60sf 20 | — [ 60] 20 ] 60 [maa 15 14 - - - Jme] - [ -] -] -] - [aaw0

*Devices will meet standard MECL logic levels using Vg g = -5.2 Vdc and Vg = 0.

L9SZLOW ‘L90ZLIOW
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MC12060, MC 12560 (continued)
MC12061, MC12561

FIGURE 6 — AC CHARACTERISTICS — MECL AND MTTL OUTPUTS'

2
input (Pin 15)

MTTL Output
(Pin 10)

MECL Output

t+ t- +200 mV
80%
50%
-200 mVv
t+4+ I—-

*i
t- -

Veg = +2.0 Vde

0.1 uF

T
1

6 n
15

13 450

o—_ o
Pulse Generator
(EH 137 or Equiv)
PRF = 2.0 MHz
t+=t-=2.0+02ns

+2.0

Vdc

(Pin 13)
MECL Output
(Pin 12) 14. 10 1.2k
400
T 80 9 )
MMD6150
0.1 uF :E Ct A or Equiv
= MMD7000
or Equiv
Vgg = -3.0 Vdc
-3.0 Vde
All input and output cables to the scope
are equal lengths of 50 £ coaxial cable.
Unused outputs are connected to a 50 £
+1% resistor to ground.
Cy = 15 pF = total parasitic capacitance
which includes probe, wiring, and load
capacitance.
- MC12560. MC12561 MC12060, MC12061 TEST VOLTAGES/WAVEFORMS.
u::- -85°C +28°%C +125°C o°c +25°C +75°C APPLIED TO PINS LISTED BELOW:
Chenscterisic Symbot| Tem | Min [ Max [ Min [ Typ [Max [Min [Max | Min [Max [Min [ Tvp [Max [ Min | Max | Unit | Pulse in]Putse Owt]+2.0 vdc[-3.0 vae [ Gnd
Propegation Delay tseros] 10 - J30 [ -T2 [2s | -Ff30] -J2]-Tw]s[-127]n 15 10 11,16 89 14
tygro-] 10| - |2 | - 1128 |- 2] -] |-|12|18|-[18 10
tiser2-) 12| - {50 | - [43]ss| - |eof - Is2|-[a3|ss]| - |58 12
ts.12¢ 12| - |48 ~ |37]|82 |- |85| - |s0o| - |37 [s2|-]5s2 12
tise13e] 13| - | 46| - {4050 |~ |sa| - |48 | - | 40|50]| - | 52 13
t15.13-| 13| - |50] - |40]|s0| - |s2]| - |so]| -]|a0]|s0o] - | s1 13
Rise Time tze | 12| - | 38| - [30[40 | - |50] - |40 | - | 30 |40 | - | a4 | ™ 5 12 | 196 | 88 | 14
3. | 13 ) - [ 38| - [30f40] - [50 4.0 30 | 40 a4 | ns 15 13 |16 | 89 |14
Foll Time 2 | 12 8| - | 30|40 | - | 45 40| - |30 40| - | 40 | ms 15 12 | 1196 | 88 | 14
13- 13 3 - 30| 40 - 45 - 4.0 - 30 | 40 40 | ns 15 13 11,16 89 14
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MC12060, MC 12560 (continued)
MC12061, MC12561

FIGURE 7 — AC TEST CIRCUIT — SINE WAVE OUTPUT

Crystal — Reeves Hoffman Series Mode,
Series Resistance Minimum.
at Fundamental
MC12060/12560:
f=500kHz
Re=1k Q
MC12061/12561:
f=10MHz
Rg=58
*Rg — MC12060/12560 = 3 kQ
MC12061/12561 = 150 Q
Rg is inserted only for test
purposes. When used with
the above specified crystal,
it guarantees oscillation with
any crystal which has an equiv-
alent series resistance < 4 k2
for MC12060/12560 and
155 2 for MC12061/12561.

All output cables to the scope are equal

Veg=+2.0Vvde ¢

0.1 uF

0.1 uF

L o1

g T

*Rs2 Vgg = -3.0 Vdc
.

lengths of 50 S coaxial cable. All unused
cables must be terminated with a 50 2
+1% resistor to ground.

450 (2 resistor and the scope termination
impedance constitute a 10:1 attenuator

Characteristic
probe.

Under

MC12560 | MC12060 TEST VOLTAGE
| mc12561 | mMc12061 APPLIED TO PINS
Pin +259C +259C LISTED BELOW

Test Min | Typ | Min | Typ Unit | +2.0 Vdc {-3.0 Vdc

Sine Wave Amplitude
MC12060/12560

MC12061/12561

2 600 | 675 | 500 | 650 | mVp-p 1 89
3 600 | 675 | 500 | 650
2 700 | 750 | 650 | 750
3 700 | 750 | 650 | 750

OPERATING CHARACTERISTICS

The MC12060/12560 and MC12061/12561 consist of three
basic sections: an oscillator with AGC and two translators
(Figure 1). Buffered complementary sine wave outputs are avail-
able from the oscill! ion. The tr s convert these sine
wave outputs to levels compatible with MECL and/or MTTL.

Series mode crystals should be used with the oscillator. If it is
necessary or desirable to adjust the crystal frequency, a reactive
element can be inserted in series with the crystal — an inductor to
lower the frequency or a capacitor to raise it. When such an ad-
justment is necessary, it is recommended that the crystal be
specified slightly lower in frequency and a series trimmer capacitor
be added to bring the oscillator back on frequency. As the
oscillator freq y is changed from the Ir of the
crystal, more and more dependence is placed on the external re-
actance, and temperature drift of the trimming components then
affects overall oscillator performance.

The MC12060/12560 and MC12061/12561 are designed to op-
erate from asingle supply — either +5.0 Vdc or -5.2 Vdc. Although
each translator has separate Vo and VEg supply pins, the circuit
is NOT designed to operate from both voltage levels at the same
time. The separate Vgg pin from the MTTL translator helps
minimize transient disturbance. |f neither translator is being used,
all unused pins (9 thru 16) should be connected to Vgg (pin 8).
With the translators not powered, supply current drain is typically

- reduced from 35 mA to 16 mA for the MC12060/12560, and
from 42 mA to 23 mA for the MC12061/12561.

Frequency Stability

Output frequency of different oscillator circuits (of a given
device type ber) will vary hat when used with a given
test setup, however the variation should be within approximately
+0.001% from unit to unit.

Frequency variations with temperature (independent of the
crystal, which is held at 256°C) are small — about -0.08 ppm/°C

for MC12061/12561 operating at 8.0 MHz, and about -0.16
ppm/°C for MC12060/12560 operating at 1.0 MHz (see Figure 8).
Signal Characteristics

The sine wave outputs at either pin 2 or pin 3 will typically
range from 800 mVp-p (no load) to 500 mVp-p (120 ohm ac load).
Approximately 500 mVp-p can be provided across 50 ohms by
slightly increasing the dc current in the output buffer by the
addition of an external resistor (680 ohms) from pin 2 or 3 to
ground, as shown in Figure 9. Frequency drift is typically less than
0.0003% when going from a high-impedance load (1 megohm,
15 pF) to the 50-ohm load of Figure 9. The dc voltage level at
pin 2 or 3 is nominally 3.5 Vdc with Vo = +5.0 Vde.

Harmonic distortion content in the sine wave outputs is crystal
as well as circuit dependent. The largest harmonic (third) will
usually be at least 156 dB down from the fundamental. The har-
monic content is appr ly load independent except that the
higher harmonic levels (greater than the fifth) are increased when
the MECL translator is being driven.

Typically, the MECL outputs (pins 12 and 13) will drive up to
five gates, as defined in Figure 10, and the MTT L output (pin 10)
will drive up to ten gates, as defined in Figure 11.

Noise Characteristics

Noise level evaluation of the sine wave outputs using the
circuit of Figure 12, with operation at 1.0 MHz for MC12060/
12560 or 9.0 MHz for MC12061/12561, indicates the following
characteristics:

1. Noise floor (200 kHz from oscillator center frequency) is
approximately -122 dB when referenced to a 1.0 Hz band-
width. Noise floor is not sensitive to load conditions and/or
translator operation.

2. Close-in noise (100 Hz from oscillator center frequency)
is approximately -88 dB when referenced to a 1.0 Hz
bandwidth.



MC12060, MC 12560 (continued)
MC12061, MC12561

FIGURE 8 — FREQUENCY SHIFT versus TEMPERATURE

FIGURE 9 — DRIVING LOW-IMPEDANCE LOADS

+10 I I
\ Ve = +5.0 Ve

Teyrstal = 25°C

| |

B

5 ) Wtz izt
=2 120861,
c \\
> \
5 -0 -
] MC 12060, MC12560
g
«
S0 \
a AN
MC12060
T mc12061 — "]
-30
-55 -25 0 2 50 75 100 125

TA. AMBIENT TEMPERATURE (°C)

20r3 O0.1uF

*See text under signal characteristics.

FIGURE 10 — MECL TRANSLATOR LOAD CAPABILITY

FIGURE 11 — MTTL TRANSLATOR LOAD CAPABILITY

Veg= +6.0V

15 pF

Ve =450V +5.0 V

FIGURE 12 — NOISE MEASUREMENT TEST CIRCUIT

+5.0V

20r3 0.14F To HP85528/538

Spectrum Analyzer
fod i

or Equiv

ANALYZER SETTING

: Video

Measurement Sweep Bandwidth | Filter
Noise Floor 50 kHz/div 10 kHz 10 Hz
Close-In Noise | 20 kHz/div 10 H2 10 Hz
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RESISTOR MC12060/12560 | MC12061/12561
R1 (2 Places) 5k 200 Q
R2 (2 Places) 10k 400
R3 (2 Places) 5k 2k
CIRCUIT SCHEMATIC
| I I
I l l Sine to MECL
Voltage Regulator l Oscillator | Amplifier/AGC Translator
| AGC l Sine Wave Output
| Bias Vee Filter | 23 |16
., 97 ?1 04 _ + —I Ve 915+ 014 -
t g
3 3
1x3 2603 | R1 A1 T\uoiE .;AM 12‘33 241%; $241 }/T
p
Vg
| i e h¥g
N N
I I
—4a
I I
I

i
L ]

[\
N D

I
I
I
I
I
I
I
I
I
l
I
I
I
I
I
I

MECL
Output
1213

3
6803

P

540

|J |J !
g % i
5 315315 130
a10 932 R2 33 A2 932k $20°  gloglh 35823 1.4 %
J " 60 crystal J ) BEVEE

—_——— =4 -

MECL TO MTTL
Translator

109V

3 1.2k 100

10
-0

MTTL
Output

9 Vgg
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MOTOROLA
MIL-M-38510
PROGRAM

— the ultimate
in quality assurance-
for integrated circuits

Motorola is the industry's pioneer manufac-
turer of high-reliability integrated circuits,
having been the first company to be qualified
as a MIL-M-38510 approved facility by the
Defense Electronics Supply Center of the Depart-
ment of Defense early in 1971. Motorola’s
extensive experience in_ high-reliability military
and manned spacecraft programs such as
Apollo, Minuteman and Safeguard, coupled with
an investment of millions of dollars for research
and development, has resulted in the ultimate
in quality assurance for integrated circuits: the
MOTOROLA MIL-M-38510 PROGRAM.

This comprehensive program is structured to
provide an environment in which proven methods
of manufacturing, quality assurance, monitor-
ing, screening and testing can thrive — to give
you . the most reliable product on the market
today — and to give it to you fast!

The MOTOROLA MIL-M-38510 PROGRAM is
designed to support a broad base of test and
evaluation programs for micro-electronic devices:
materials, workmanship, performance capabil-
ities, identification and processing — applied to
all Motorola standard integrated circuit product,
with appropriate levels of reliability. This prod-
uct can be ordered in accordance with MIL-M-
38510 JAN-Qualified standards or to the lower-
cost, but similar-hi-rel specifications designated
‘as MIL-M-38510 JAN-Processing. (See ordering
information.)

The MOTOROLA MIL-M-38510 PROGRAM s
designed to facilitate delivery and to minimize
specification preparation time. Beginning with a
nucleus of popular IC types from our high-volume
lines, the program is continually adding more
devices to the list of MIL-M-38510 JAN-Qualified
products.

Because it is a ‘‘standard’ hi-rel program,
the MOTOROLA MIL-M-38510 PROGRAM aids
in reducing the high costs and delivery delays
normally associated with ‘‘custom’ hi-rel pro-
grams in the past.

It is a functional, operating program, based
on the Military’s own long-range objective to
improve and demonstrate integrated circuit
reliability, and is designed to provide hi-rel cus-
tomers with the finest in quality, reliability and
performance — fast!

THE MOTOROLA MIL-M-38510 PROGRAM
OFFERS YOU THESE BENEFITS:

1. Standardization of environmental and
electrical test procedures

2. Less specification writing required

3. Less time required in negotiating
specifications

4. Fast delivery
5. Lower costs




MIL-M-38510(continued)

MIL-M-38510processed devices are offered by Motorola
in the MECL 10,000 family for both commercial and
military temperature range use. Hermetically-sealed ceramic
dual in line and flat packages are available. Industry-wide
“slash-specs’’ are being issued, and when available, will
permit Motorola to provide MIL-M-38510 qualified MECL
10,000 devices.

Most devices in the MECL 1l and MECL 1l families
can also be processed to meet MIL-M-38510 requirements.

Motorola’s MIL-M-38510 Program supplants our former
high reliability ““Checkmate’’ program. You are invited to
inquire directly to Motorola for price and delivery quo-
tations on your MIL-M-38510 MECL device requirements.

MECL MIL-M-38510 SELECTOR

Rated Package
MECL 10,000 Temperature Range | Styles Available
MC10,0XX -
MC10,1XX L
’ _300 0
MC10,2XX 30°C/+85°C L
MC10,3XX -
MC10,4XX -
MC10,56XX o o LF
MC10,6XX -567C/+125°C LF
MC10,7XX
MECL 111
MC16XX -30°C/+85°C L.F




THE MOTOROLA MIL-M-38510 PROGRAM

Under this program, Motorola integrated circuits may be procured to the specifications of MIL-M-
38510 and to four levels of processing which meet the screening requirements of MIL-STD-883.

MIL-M-38510 JAN-QUALIFIED PRODUCT

Class A Class B Class C
JAN-QUALIFIED DEVICE MARKINGS
JM38510/XXXXXAXX JM38510/XXXXXBXX JM38510/XXXXXCXX

JAN QUALIFIED Examples of MIL-M-38510 JAN-Qualified markings:

1. G.S.l. (Government Source Inspection) Linear Digital
provided upon request.

) DEVICE: MC1741BCBJ MC5400BCBJ
2. Must be manufactured in a Government-
approved facility. ORDER:  MC1741BCBJ MC54008CBJ
3. Product inventoried in distributor and OEM MARKING: JM38510/10101BCB JM38510/00104BCB

warehouses.

HOW TO ORDER MIL-M-38510 JAN-QUALIFIED PRODUCT

Basic Numbering Parameters — Example: JM38510/XXXXXBCB

J M38510 /XXX XX B c B

'“ @ 3 @ = © ”n Case outline and lead finish designations
(1) = J — This indicates a qualified device. are common to both JAN Qualified
(2) = M38510 — The military designator. and JAN Processed devices:

(3) = /XXX — This three-digit number signifies the detail
specification in which the device type is found. The QUALIFIED # (6) PROCESSED # (3)

detail specifications, also referred to as ‘‘slash specs,”

generally contain more than one device type and are C — This is a single letter

written for various generic groupings (i.e.. TTL NAND and specifies the package or case
Gates. TTL NAND Buffers, TTL Flip-Flops, Op Amps, outline. A list of the currently-
Voltage Regulators. etc.) defined package types (the letters
(4) = XX — This two-digit number identifies the device type define the same case outline for
within the detail specification. all detail specifications) is shown
(5) = B — This is a single letter and specifies the device below:
class per MIL-M-38510 and will be class A, B or C. CASE OUTLINE
(6) = Case Outline. (See listings in adjacent column). DESIGNATOR CASE OUTLINE
(7) = Lead finish. (See listings in adjacent column). ‘ R . .
The Motorola equivalent of the JAN M38510 part num- A~ — 14" x 14" flat pack, 14-pin
ber is as shown in the following example and should be B — %" x Yo" flat gaclf. 14-pin ;
referenced when ordering your specific device requirement. C  — Y x %" dual-in-line, 14-pin
*D — 14" x 33" flat pack, 14-pin
MCXIXXX BgB ; E  — 14" x 3" dual-in-line, 16-pin
M @ & F — 14" x 3" flat pack, 16-pin
1. The MCXXXX designates the Motorola source device G — 8-lead can
type. H — V4" x 14" flat pack, 10-lead
2. The first three letters after the part type have the same | — 10-lead can
meaning and order as in the JAN part numbering sys- J — 15" x 114" dual-in-line, 24-pin
tem. This will simplify your cross-referencing. K — 34" x 14" flat pack, 24-pin
3. J. which is the last letter in the part number, desig- z — 14" x Y4” flat pack, 24-pin

nates a JAN-qualified device.
—_— — A and D outhines are interchangeable




MIL-M-38510 JAN-PROCESSED PRODUCT

T T T 1
Class A Class B Class C Class D
JAN-PROCESSED DEVICE MARKINGS

MC38510/XXXXAXXM MC38510/XXXXBXXM MC38510/XXXXCXXM MC38510/XXXXDXXM
MC38510/XXXXAXXS MC38510/XXXXBXXS MC38510/XXXXCXXS MC38510/XXXXDXXS

L Mo G5, provien il be desgrte by an 57 | Exampls ot LS80
- suffix. ) :
2. Government-approved facility . i Linear
not required. 5. Devices will be manufactured DEVICE: MC1741BCB (M or S)
L using design and processing ORDER:  MC1741BCB (Mor S)
3. Product supplied with MIL-M-  gyidelines contained in MIL-M- MARKINGS: MC38510/1741BCB (M or S)
38510 electricals will be desig- 38510.
nated by an ‘‘M"’ suffix. | L . L Digital
6. ies will be DEVICE:  MC54008CB (M or S)
4. Product supplied with Motorola prior to burn-in and final elec- ORDER: MC5400BCB (M or S)
standard data sheet electricals trical tests. MARKINGS: MC38510/5400BCB (M or S)
HOW TO ORDER MIL-M-38510
JAN-PROCESSED PRODUCT
EXAMPLE: If you wish to enter an order for an MCXXXX
Class B device in a 14-pin, dual-in-line ceramic package
with the lead finish to be tin plate and electrically tested
QUALIFIED #(7) PROCESSED #(4) to Motorola's standard data sheet electricals, the order
B — This is a single letter would be entered as follows:
and specifies the finish to be MCXXXX B c B S
used on the package leads. There m 2 s ,4) 5

are three types of lead finishes

which are acceptable for JAN (1) = Motorola device type.

(2) = B — This is a single letter and specifies the device

product. They are: ciass per MIL-M-38510 for Classes A. B and C.
Class D is an added Motorola JAN processing class
LEAD FINISH and is the same as the MIL-M-38510 Class B
SYMBOL LEAD FINISH except for the differences shown in the following
. screening procedures table.
A — Kovar or Alloy 42, with hot (3) = Case Outline. (See listings in adjacent column).
solder dip . (4) = Lead finish. (See listings in adjacent column).

B — Kovar or Alloy 42, with bright (5) =S — This is a single letter and specifies the elec-
acid tin plate trical specifications to which the device is to be
Cc — Kovar or Alloy 42, with screened during electrical test and will be either an
gold plate S or M. “S" specifies the use of Motorola stan-

dard data sheet electricals. ‘M’ specifies the use
of JAN slash-sheet electricals where they exist.
Note: For other Motorola standard pack-

aging, not currently identified in MIL-M- Electrical Test Symbols Test Level
38510, contact your Motorola represen- S — Motorola standard
tative. data sheet electricals
. M — JAN slash-sheet
electricals




SCREENING PROCEDURES

(To MIL-STD-883 Requirements)

This program establishes screening pro-
cedures for total lot screening of integrated
circuits to assist in achieving levels of quality
and reliability commensurate with the intended
application. In recognition of the fact that the
level of screening has a direct impact on the
cost of the product as well as its quality and
reliability, four standard levels of screening are
provided to coincide with four device classes or
levels of product assurance.

Flexibility is provided in the choice of con-
ditions and stress levels .to provide screens,
tailored to a particular product or application.
Selection of a level better than that required for
the specific product and application will, of
course, result in unnecessary expense. A level
less than that required will result in an unwar-
ranted risk that reliability and other require-
ments will not be met. For general hi-rel
applications, the Class B screening level should

be considered.

Interim Electrical

CLASS A CLASS B CLASS C CLASS D
SCREEN METHOD RQMT METHOD RQMT METHOD RQMT METHOD RQMT
» 2010 Cond 2010 Cond 2010 Cond 2010 Cond
I
nternal Visual (Precap) | aand38510 | '%9%| Band 38510 [!'09%] Band38s10  [!%9%| Band 38510 | !100%
o 1008 24 hrs 1008, 24 hrs 1008, 24 hrs 1008, 24 hrs
Stabilization Bake min, test 100% | min, test 170%| min, test 100%| min, test 100%
condition C condition C condition C condition C
Thermal Shock 1011, Cond A 100% = i —
Temperature Cycling 1010, Cond C 100%] 1010, Cond C 100%]| 1010 Cond C 100%] 1010, Cond C 100%
2002 Cond F
One Shock in
Mechanical Shock Yoplaneonly 11009 - - -
at Cond B in
Y. plane
, 2001 Cond 2001 Cond E 2001 Cond E 2001 Cond E
Constant Acceleration plane mer: 100% ]| (min) Y, 100%]| (min) Y, | 100%| (min) Y, 100%
Y, plane plane plane plane
Seal (0 e 1014 100%| 1014 100%| 1014 100%| 1014 100%
JAN slash-sheet JAN slash-sheet Motorola stand.
electrical electrical data sheet

Parameters specification 100% | specifications 100% — electrical specs | 100%
unless otherwise unless otherwise unless otherwise
designated designated indicated

i 1015 1015 1015
Burn-in test fgg hés @ 100%| 168 hrs @ 100% - }gg r;:rs @ 100%
°C min 125°C min *C min
JAN slash-sheet
. . electrical speci-

Interim Electricals fications unless | 100%
otherwise
designated

Reverse Bias Burn-in 1015 Cond A
orC 72 hrs 100%
at 150°C min

Final Electrical tests JAN slash-sheet JAN slash-sheet JAN slash-sheet Motorola stand.

(a) Static tests electrical electrical electrical data sheet

(1) 25°C (Subgroup specifications 100% | specifications 100% | specifications 100%/ electrical specs | 100%
1 table 1 5005) unless otherwise unless otherwise unless otherwise unless otherwise
@m o mi designated designated designated indicated
ax and min
rated op. tempe
(subgro‘:lps 2':‘anr¢;t5"e 100% 100% - -
table 1, 5005)
(b) Dynnr':\ic tests and/or
switching tests 25°C
(subgroup 4 and 9° 100% 100% - -
table 1, 5005)
(C) Functional test
25°C (subgroup 7 100% 100% 100% 100%
table 1, 5005)

Radiographic 2012 100%. - — h—

Qualification or quality 5005 per | soos per | 5005 per | 5005 .

conformance inspection Class A 38“,’,10 Class B 38310 Class C 38§l° Class B i

External Visual 2009 100%] 2009 100% | 2009 100%] 2009 100%

“Group A per 5005, Generic data available for groups B & C on devices
(from JAN prog

produced to Class B, C. D for JAN

7-6




	e28_00001
	e28_00002
	e28_00003_page0001
	e28_00003_page0002
	e28_00003_page0003
	e28_00003_page0004
	e28_00003_page0005
	e28_00004
	e28_00005_page0001
	e28_00005_page0002
	e28_00005_page0003
	e28_00005_page0004
	e28_00005_page0005
	e28_00005_page0006
	e28_00005_page0007
	e28_00005_page0008
	e28_00005_page0009
	e28_00005_page0010
	e28_00005_page0011
	e28_00005_page0012
	e28_00006_page0001
	e28_00006_page0002
	e28_00006_page0003
	e28_00006_page0004
	e28_00006_page0005
	e28_00006_page0006
	e28_00006_page0007
	e28_00006_page0008
	e28_00006_page0009
	e28_00006_page0010
	e28_00006_page0011
	e28_00006_page0012
	e28_00006_page0013
	e28_00006_page0014
	e28_00006_page0015
	e28_00006_page0016
	e28_00006_page0017
	e28_00006_page0018
	e28_00006_page0019
	e28_00006_page0020
	e28_00006_page0021
	e28_00006_page0022
	e28_00006_page0023
	e28_00006_page0024
	e28_00007
	e28_00008_page0001
	e28_00008_page0002
	e28_00008_page0003
	e28_00008_page0004
	e28_00008_page0005
	e28_00008_page0006
	e28_00008_page0007
	e28_00008_page0008
	e28_00008_page0009
	e28_00008_page0010
	e28_00008_page0011
	e28_00008_page0012
	e28_00008_page0013
	e28_00008_page0014
	e28_00008_page0015
	e28_00008_page0016
	e28_00008_page0017
	e28_00008_page0018
	e28_00008_page0019
	e28_00008_page0020
	e28_00008_page0021
	e28_00008_page0022
	e28_00008_page0023
	e28_00008_page0024
	e28_00008_page0025
	e28_00008_page0026
	e28_00008_page0027
	e28_00009_page0001
	e28_00009_page0002
	e28_00010_page0001
	e28_00010_page0002
	e28_00010_page0003
	e28_00010_page0004
	e28_00010_page0005
	e28_00010_page0006
	e28_00010_page0007
	e28_00010_page0008
	e28_00010_page0009
	e28_00010_page0010
	e28_00010_page0011
	e28_00010_page0012
	e28_00010_page0013
	e28_00010_page0014
	e28_00010_page0015
	e28_00010_page0016
	e28_00010_page0017
	e28_00010_page0018
	e28_00010_page0019
	e28_00010_page0020
	e28_00010_page0021
	e28_00010_page0022
	e28_00010_page0023
	e28_00010_page0024
	e28_00010_page0025
	e28_00010_page0026
	e28_00010_page0027
	e28_00010_page0028
	e28_00010_page0029
	e28_00010_page0030
	e28_00010_page0031
	e28_00010_page0032
	e28_00010_page0033
	e28_00010_page0034
	e28_00010_page0035
	e28_00010_page0036
	e28_00010_page0037
	e28_00010_page0038
	e28_00010_page0039
	e28_00010_page0040
	e28_00010_page0041
	e28_00010_page0042
	e28_00010_page0043
	e28_00010_page0044
	e28_00010_page0045
	e28_00010_page0046
	e28_00010_page0047
	e28_00010_page0048
	e28_00010_page0049
	e28_00010_page0050
	e28_00010_page0051
	e28_00010_page0052
	e28_00010_page0053
	e28_00010_page0054
	e28_00010_page0055
	e28_00010_page0056
	e28_00010_page0057
	e28_00010_page0058
	e28_00010_page0059
	e28_00010_page0060
	e28_00010_page0061
	e28_00010_page0062
	e28_00010_page0063
	e28_00010_page0064
	e28_00010_page0065
	e28_00010_page0066
	e28_00010_page0067
	e28_00010_page0068
	e28_00010_page0069
	e28_00010_page0070
	e28_00011_page0001
	e28_00011_page0002
	e28_00011_page0003
	e28_00011_page0004
	e28_00011_page0005
	e28_00011_page0006
	e28_00011_page0007
	e28_00011_page0008
	e28_00011_page0009
	e28_00011_page0010
	e28_00011_page0011
	e28_00011_page0012
	e28_00011_page0013
	e28_00011_page0014
	e28_00011_page0015
	e28_00011_page0016
	e28_00011_page0017
	e28_00011_page0018
	e28_00011_page0019
	e28_00011_page0020
	e28_00011_page0021
	e28_00011_page0022
	e28_00011_page0023
	e28_00011_page0024
	e28_00011_page0025
	e28_00011_page0026
	e28_00011_page0027
	e28_00011_page0028
	e28_00011_page0029
	e28_00011_page0030
	e28_00011_page0031
	e28_00011_page0032
	e28_00011_page0033
	e28_00011_page0034
	e28_00011_page0035
	e28_00011_page0036
	e28_00011_page0037
	e28_00011_page0038
	e28_00011_page0039
	e28_00011_page0040
	e28_00011_page0041
	e28_00011_page0042
	e28_00011_page0043
	e28_00011_page0044
	e28_00011_page0045
	e28_00011_page0046
	e28_00011_page0047
	e28_00011_page0048
	e28_00011_page0049
	e28_00011_page0050
	e28_00011_page0051
	e28_00011_page0052
	e28_00011_page0053
	e28_00011_page0054
	e28_00011_page0055
	e28_00011_page0056
	e28_00011_page0057
	e28_00011_page0058
	e28_00011_page0059
	e28_00011_page0060
	e28_00011_page0061
	e28_00011_page0062
	e28_00011_page0063
	e28_00011_page0064
	e28_00011_page0065
	e28_00011_page0066
	e28_00012_page0001
	e28_00012_page0002
	e28_00012_page0003
	e28_00012_page0004
	e28_00012_page0005
	e28_00012_page0006
	e28_00012_page0007
	e28_00012_page0008
	e28_00012_page0009
	e28_00012_page0010
	e28_00012_page0011
	e28_00012_page0012
	e28_00012_page0013
	e28_00012_page0014
	e28_00012_page0015
	e28_00012_page0016
	e28_00012_page0017
	e28_00012_page0018
	e28_00012_page0019
	e28_00012_page0020
	e28_00012_page0021
	e28_00012_page0022
	e28_00012_page0023
	e28_00012_page0024
	e28_00012_page0025
	e28_00012_page0026
	e28_00012_page0027
	e28_00012_page0028
	e28_00012_page0029
	e28_00012_page0030
	e28_00012_page0031
	e28_00012_page0032
	e28_00012_page0033
	e28_00012_page0034
	e28_00012_page0035
	e28_00012_page0036
	e28_00012_page0037
	e28_00012_page0038
	e28_00012_page0039
	e28_00012_page0040
	e28_00012_page0041
	e28_00012_page0042
	e28_00012_page0043
	e28_00012_page0044
	e28_00012_page0045
	e28_00012_page0046
	e28_00012_page0047
	e28_00012_page0048
	e28_00012_page0049
	e28_00012_page0050
	e28_00012_page0051
	e28_00012_page0052
	e28_00012_page0053
	e28_00012_page0054
	e28_00012_page0055
	e28_00012_page0056
	e28_00012_page0057
	e28_00012_page0058
	e28_00012_page0059
	e28_00012_page0060
	e28_00012_page0061
	e28_00012_page0062
	e28_00012_page0063
	e28_00012_page0064
	e28_00012_page0065
	e28_00012_page0066
	e28_00012_page0067
	e28_00012_page0068
	e28_00012_page0069
	e28_00012_page0070
	e28_00012_page0071
	e28_00012_page0072
	e28_00012_page0073
	e28_00012_page0074
	e28_00012_page0075
	e28_00012_page0076
	e28_00012_page0077
	e28_00012_page0078
	e28_00012_page0079
	e28_00012_page0080
	e28_00012_page0081
	e28_00012_page0082
	e28_00012_page0083
	e28_00012_page0084
	e28_00012_page0085
	e28_00012_page0086
	e28_00012_page0087
	e28_00012_page0088
	e28_00012_page0089
	e28_00012_page0090
	e28_00013_page0003
	e28_00013_page0004
	e28_00013_page0005
	e28_00013_page0006
	e28_00013_page0007
	e28_00013_page0008
	e28_00013_page0009
	e28_00013_page0010
	e28_00013_page0011
	e28_00013_page0012
	e28_00013_page0013
	e28_00013_page0014
	e28_00013_page0015
	e28_00013_page0016
	e28_00013_page0017
	e28_00013_page0018
	e28_00013_page0019
	e28_00013_page0020
	e28_00013_page0021
	e28_00013_page0022
	e28_00013_page0023
	e28_00013_page0024
	e28_00013_page0025
	e28_00013_page0026
	e28_00013_page0027
	e28_00013_page0028
	e28_00013_page0029
	e28_00013_page0030
	e28_00013_page0031
	e28_00013_page0032
	e28_00013_page0033
	e28_00013_page0034
	e28_00013_page0035
	e28_00013_page0036
	e28_00013_page0037
	e28_00013_page0038
	e28_00013_page0039
	e28_00013_page0040
	e28_00013_page0041
	e28_00013_page0042
	e28_00013_page0043
	e28_00013_page0044
	e28_00013_page0045
	e28_00013_page0046
	e28_00013_page0047
	e28_00013_page0048
	e28_00013_page0049
	e28_00013_page0050
	e28_00013_page0051
	e28_00013_page0052
	e28_00013_page0053
	e28_00013_page0054
	e28_00013_page0055
	e28_00013_page0056
	e28_00013_page0057
	e28_00013_page0058
	e28_00013_page0059
	e28_00013_page0060
	e28_00014_page0001
	e28_00014_page0002
	e28_00014_page0003
	e28_00014_page0004
	e28_00014_page0005
	e28_00014_page0006
	e28_00014_page0007
	e28_00014_page0008
	e28_00014_page0009
	e28_00014_page0010
	e28_00014_page0011
	e28_00014_page0012
	e28_00014_page0013
	e28_00014_page0014
	e28_00014_page0015
	e28_00014_page0016
	e28_00014_page0017
	e28_00014_page0018
	e28_00014_page0019
	e28_00014_page0020
	e28_00014_page0021
	e28_00014_page0022
	e28_00014_page0023
	e28_00014_page0024
	e28_00014_page0025
	e28_00014_page0026
	e28_00014_page0027
	e28_00014_page0028
	e28_00014_page0029
	e28_00014_page0030
	e28_00014_page0031
	e28_00014_page0032
	e28_00014_page0033
	e28_00014_page0034
	e28_00014_page0035
	e28_00014_page0036
	e28_00014_page0037
	e28_00014_page0038
	e28_00014_page0039
	e28_00014_page0040
	e28_00014_page0041
	e28_00014_page0042
	e28_00014_page0043
	e28_00014_page0044
	e28_00014_page0045
	e28_00014_page0046
	e28_00014_page0047
	e28_00014_page0048
	e28_00014_page0049
	e28_00014_page0050
	e28_00014_page0051
	e28_00014_page0052
	e28_00014_page0053
	e28_00014_page0054
	e28_00014_page0055
	e28_00014_page0056
	e28_00014_page0057
	e28_00014_page0058
	e28_00015_page0001
	e28_00015_page0002
	e28_00015_page0003
	e28_00015_page0004
	e28_00015_page0005
	e28_00015_page0006
	e28_00015_page0007
	e28_00015_page0008
	e28_00015_page0009
	e28_00015_page0010
	e28_00015_page0011
	e28_00015_page0012
	e28_00015_page0013
	e28_00015_page0014
	e28_00015_page0015
	e28_00015_page0016
	e28_00015_page0017
	e28_00015_page0018
	e28_00015_page0019
	e28_00015_page0020
	e28_00015_page0021
	e28_00015_page0022
	e28_00015_page0023
	e28_00015_page0024
	e28_00015_page0025
	e28_00015_page0026
	e28_00015_page0027
	e28_00015_page0028
	e28_00015_page0029
	e28_00015_page0030
	e28_00015_page0031
	e28_00015_page0032
	e28_00015_page0033
	e28_00015_page0034
	e28_00015_page0035
	e28_00015_page0036
	e28_00015_page0037
	e28_00015_page0038
	e28_00015_page0039
	e28_00015_page0040
	e28_00015_page0041
	e28_00015_page0042
	e28_00015_page0043
	e28_00015_page0044
	e28_00015_page0045
	e28_00015_page0046
	e28_00015_page0047
	e28_00015_page0048
	e28_00016
	e28_00017_page0001
	e28_00017_page0002
	e28_00017_page0003
	e28_00017_page0004
	e28_00017_page0005
	e28_00017_page0006
	e28_00017_page0007
	e28_00017_page0008
	e28_00017_page0009
	e28_00017_page0010
	e28_00017_page0011
	e28_00017_page0012
	e28_00017_page0013
	e28_00017_page0014
	e28_00017_page0015
	e28_00017_page0016
	e28_00017_page0017
	e28_00017_page0018
	e28_00017_page0019
	e28_00017_page0020
	e28_00017_page0021
	e28_00017_page0022
	e28_00017_page0023
	e28_00017_page0024
	e28_00017_page0025
	e28_00017_page0026
	e28_00017_page0027
	e28_00017_page0028
	e28_00017_page0029
	e28_00017_page0030
	e28_00017_page0031
	e28_00017_page0032
	e28_00017_page0033
	e28_00017_page0034
	e28_00017_page0035
	e28_00017_page0036
	e28_00017_page0037
	e28_00017_page0038
	e28_00018_page0001
	e28_00018_page0002
	e28_00018_page0003
	e28_00018_page0004
	e28_00018_page0005
	e28_00018_page0006
	e28_00018_page0007
	e28_00018_page0008
	e28_00018_page0009
	e28_00018_page0010
	e28_00018_page0011
	e28_00018_page0012
	e28_00018_page0013
	e28_00018_page0014
	e28_00018_page0015
	e28_00018_page0016
	e28_00018_page0017
	e28_00018_page0018
	e28_00018_page0019
	e28_00018_page0020
	e28_00018_page0021
	e28_00018_page0022
	e28_00018_page0023
	e28_00018_page0024
	e28_00018_page0025
	e28_00018_page0026
	e28_00018_page0027
	e28_00018_page0028
	e28_00018_page0029
	e28_00018_page0030
	e28_00018_page0031
	e28_00018_page0032
	e28_00018_page0033
	e28_00018_page0034
	e28_00018_page0035
	e28_00018_page0036
	e28_00018_page0037
	e28_00018_page0038
	e28_00018_page0039
	e28_00018_page0040
	e28_00018_page0041
	e28_00018_page0042
	e28_00018_page0043
	e28_00018_page0044
	e28_00018_page0045
	e28_00018_page0046
	e28_00018_page0047
	e28_00019
	e28_00020_page0001
	e28_00020_page0002
	e28_00020_page0003
	e28_00020_page0004
	e28_00020_page0005
	e28_00020_page0006
	e28_00020_page0007
	e28_00020_page0008
	e28_00020_page0009
	e28_00020_page0010
	e28_00020_page0011
	e28_00020_page0012
	e28_00020_page0013
	e28_00020_page0014
	e28_00020_page0015
	e28_00020_page0016
	e28_00020_page0017
	e28_00020_page0018
	e28_00020_page0019
	e28_00020_page0020
	e28_00020_page0021
	e28_00021
	e28_00022_page0001
	e28_00022_page0002
	e28_00022_page0003
	e28_00022_page0004
	e28_00022_page0005
	e28_00022_page0006
	e28_00022_page0007
	e28_00022_page0008
	e28_00022_page0009
	e28_00022_page0010
	e28_00022_page0011
	e28_00022_page0012
	e28_00022_page0013
	e28_00022_page0014
	e28_00022_page0015
	e28_00022_page0016
	e28_00022_page0017
	e28_00022_page0018
	e28_00022_page0019
	e28_00022_page0020
	e28_00022_page0021
	e28_00022_page0024
	e28_00022_page0025
	e28_00022_page0026
	e28_00022_page0027
	e28_00022_page0028
	e28_00022_page0029
	e28_00022_page0030
	e28_00022_page0031
	e28_00022_page0032
	e28_00022_page0033
	e28_00022_page0034
	e28_00022_page0035
	e28_00025
	e28_00023_page0001
	e28_00023_page0002
	e28_00023_page0003
	e28_00023_page0004
	e28_00023_page0005
	e28_00023_page0006
	e28_00023_page0007
	e28_00023_page0008
	e28_00023_page0009
	e28_00023_page0010
	e28_00023_page0011
	e28_00024_page0001
	e28_00024_page0002
	e28_00024_page0003
	e28_00024_page0004
	e28_00024_page0005
	e28_00024_page0006

