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FIGURE 33. Automatic Place and Route - CAD System 

The total output transistor power is 240 mW, while 
the bias driver is 327 mW. Adding these various pow­
ers, the total power of the design is 3.85 watts. The 
total number of equivalent gates amounts to 888 for an 
average of 4.3 mW per equivalent gate. 

The chip utilization was computed to be 93%. The 
computation assumes that the major cells are worth a 
weight of 4 while the interface and output cells are each 
worth a weight of 1 . 

Figure 34 shows the CAD plot for the MC10901 
plotted on a graphics terminal. All Macro 1/0 ports, 
macrocell types and channel interconnect are shown. 
Also, the logic diagram for the design is shown with 
the logic equivalent plotted for each macrocell. The 
Automatic Place and Route program can save about 
three to four manweeks of work compared to a manual 
layout. 

To qualify the test sequence, a fault grade program 
(FLOGCAP) is available. The program holds every 
node sequentially at a "1" or a "O" and then compares 
the output results of the good and bad networks. The 
number of faults detected by the input vector se­
quence, divided by the total number of faults, is the 
test sequence efficiency. To verify a logic design, an 
efficiency of greater than 80% should be achieved. 
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For production testing, an efficiency of greater than 
95% should be achieved. For the MC10901, the 29 
test vectors (Table 6) showed a test sequence effi­
ciency of 82%. The number of vectors was increased 
to a total of 86. Figure 35 shows the fault grade results 
(from a file called FLOGLIST that was generated by 
FLOGCAP). The test sequence efficiency shows that 
99% of the real faults were detected. 1627 real faults 
were detected and 5 real faults were not detected 
(1632 total real faults). There were 808 nodes and a 
total of 4359 total faults defined (real faults plus equiv­
alent faults). The macro type, location and input or 
output node is listed for each undetected fault. Three 
of the undetected faults (2 on M53 and 1 on 111) are 
due to a logic "1" generator. The fault on the H52 is 
due to an input combination that can't be checked due 
to the multiplier algorithm. In other words, if the fault 
did occur, the output of the multiplier will be correct. 
Thus, the fault is undetected (since a correct output 
results) and does not affect operation of the circuit. 
The final undetected fault listed is an input fault on 
macro 108 (the SEQ= 2, ISO and A92-Y states that 
the undetected fault is a logic "O" on the B input 
(SEQ= 2) at location A92). This fault was actually 
detected by the test sequence as verified by a single 
fault analysis using LOGCAP. This means that the 86 



Total# of 
Equivalent 

Gates 

30 
140 
30 
11 
2 
4 
6 

16 

239 

Total# of 
Equivalent 

Gates 

36 
110 
70 

2 
1 

16 
4 

24 

263 

TABLE 6. - MC10901 - POWER CALCULATIONS 

Top Left 4 Top Right 3 

Output 
#Used and Total Macro Follower Total# of #Used and Total Macro 

Macro Power Current Equivalent Macro Power 
Type (MW) (ma) Gates Type (MW) 

5-H73 43 10 6 1-H73 8.6 
14-H72 . 277.2 28 70 7-H72 138.6 
3-H52 54.6 6 48 3-M53 85.8 
1-M50 26 2 22 2-M74 57 
1-T01 10.4 1 33 3-M50 78 
1-T11 10.4 1 4 1-T11 10.4 
3-101 31.2 5 20 5-010 143 
4-111 41.6 4 8 2-009 57.2 

Total Pwr. 494.4 57 211 Total Pwr. 578.6 
= 790.8 = 797 

Bottom Left 2 Bottom Right 1 

#Used and 
Macro 
Type 

6-H73 
11-H72 
7-H52 
1-T03 
1-T08 
4-T11 
2-101 
6-111 

Total Pwr. 
= 875.2 

Output 
Total Macro Follower Total# of #Used and 

Power Current Equivalent Macro 
(MW) (ma) Gates Type 

51.6 12 22 2-M74 
217.8 22 64 4-M53 
127.4 14 22 2-M50 

18.2 1 10 2-M29 
5.2 .5 14 2-M28 

41.6 4 2 1-T01 
20.8 4 2 1-T04 
62.4 6 8 2-G09 

545.0 63.5 8 
8 

2-G10 
2-009 

12 3-010 

172 Total Pwr. 
= 824 

2-3 = 84.4 mW the largest quadrant power difference 

Top Power 

Bottom Power 

Blas Driver 

1587.8 mW 

1699.2 mW 

3287 mW 

327 mW 

-6.6% 

3614 = 695 mA = IEE (typ) 

Total Output Emitter follower 
Power from output cells = (16 outputs) (15 mW/output) = 240 mW 
Total chip power with outputs loaded = 3614 + 240 =3.85 watts 

Chip utilization = 2::~5 x 100% = 93% 

Total Gates = 888 
(3 gates are for wire ORs in logic) 
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Total Macro 
Power 
(MW) 

57 
114.4 
52 
46.8 
46.8 
10.4 
18.2 
57.2 
57.2 
57.2 
85.8 

603 

Output 
Follower 
Current 

(ma) 

2 
14 
15 
4 
6 
1 

-
-
42 

Output 
Follower 
Current 

(ma) 

4 
20 

4 
3 
8 
1.5 
2.0 
-
-
-
-

42.5 



H•C. 

J~'J1~"' 
.,] I 

] I L;C:: 
]1 

.~]J 

rr-:· 
n c~· c • -------------r·· 
'---1 r-·· 

t" 
[£-" 
r:: -r·· 

~ fr" -
~:I 

l: 
::1:: 

R.. .. .. 
~~ 

.. . . 
-------
~:; 

.. . 
~:; 
--------

FIGURE 34. CAD Plot for MC10901 using the MCA1200 ECL 



FIGURE 34. CAD Plot for MC10901 using the MCA1200 ECL 



TABLE 7. - Calculation of Longest Delay Path, tpd- + (XO to P14) 

Delay Path (LOC), Input-Output Edge 

PIN 47 (XO) TO 111-8* (018) 
Cr = 4 + 8 + 298 (.008) = 14.4 pf 
,HR = .6 (50)(14.4) = 432 ps 
AT pd (due to ATR) = (.175) (432) = 
AT pd (metal and FO) = (20)(8) + (.4)(298) = 

111 8* to Y (018), - -
H72 8* to S (318), - -
H72 C1N* to S (42A), - -
H52 81* to S (43A), - -
M50 C1N* to S (44), - -
M74 A to CO (64), - -
M53 81* t~ G (55), - -
M29 K to Y (66), - -
M28 A to Y (86), - -
M53 C1N to CO (85), - + 
010 8* to Y (958) to PIN 22 (P14), + + 

TOTALS 

Total delay = (21,200 + 2330 + 275)ps = 23.8 ns MAX 
2330 

% of delay due to metal and Fan-out = 23800 x 100% = 9.8% 

test vectors check 100% of all the possible fault con­
ditions that can be checked. Only 131 sec of CPU 
time was used in running the fault grade program. 

Table 7 shows an example of calculating the longest 
delay path for the MC10901. Section V gives the per­
formance guidelines for calculating the maximum de­
lays shown in Table 7, while Figures 13-19 show the 
curves for metal and fan-out delay. The total delay 
was calculated to be 23.8 ns (Max). The metal plus 
the fan-out delay is 9.8% of the total delay. 

Figure 36 shows a flow diagram of the AC Simu­
lation software in the CAD system. From the DESIGN 
file, all the actual metal lengths are calculated using 
a program called FOIL. Table 7 shows some of the 
metal lengths that were calculated from the FOIL pro­
gram for the MC10901. To operate the AC Simulation 
program, the input vectors must be defined in the 
SPATTERN file called ACPATT. The order for printing 
the input and output pins are defined in a SCOM­
MAN D file called ACCOMM. A program called 
ACMCASIM is used to run a simulation on the ac input 
pattern. For each input data change, all output delays· 
to the nearest 50 ps increment are calculated. All the 
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Metal Socket, 
Output Metal Macro Plus Fan- Package 
Current Length Delay out Delay Delay 

(mA) Fanout (mils) (ps) (ps) (ps) 

NORC 8 298 175 

76 
279 

1 1 89 1400 290 
1 1 57 2950 185 
1 1 29 1750 95 
1 3 76 2800 495 
1 3 83 1350 525 
1 1 28 1200 90 
1 1 60 1800 195 
2 5 122 1500 170 
2 2 58 1300 -12G 
1 1 35 1550 50 
- - 27 3600 - 100 

- - - 21,200 2330 275 

various parameters needed to calculate the maximum 
delay (as indicated in Section V) are used by the 
ACMCASIM program. As an example, the ACMCA­
SIM program calculated a delay of 23.9 ns (Max) for 
the path shown in Table 7. The manual or hand cal­
culation was 23.8 ns. The 0.1 ns difference is due to 
round-off to the nearest 50 ps increment for the metal 
and fan-out delays. The de functional vectors and the 
ac vectors are automatically converted to a production 
test tape by the CAD system. The de parametric in­
formation is also automatically included in the test 
tape such as input current, IEE· VoH. and VOL· 

Another program with a "PROPDLAY" command is 
available that can be used to compute the maximum 
propagation delay from any set of inputs to any set 
of outputs without the need for input vectors (Pattern 
file is not needed). Then, the TRACE command can 
be used (for any input to output path) to list the ac­
cumulative maximum delay at each output node in the 
path along with the polarity of the signal. The input 
logic states can then be determined to logically gen­
erate the traced path. The ACMCASIM program is 
then used to verify the maximum delay of the traced 
path. 



INPUT >SIM A 10901 
USER LIB 
M28 
M29 
M50 
H52 
M53 
H72 
H73 
M74 
101 
103 
104 
108 
111 
009 
010 
BOUT 
SYS LIB 

SUBNET 
SUBNET 
SUBNET 
SUBNET 
SUBNET 
SUBNET 
SUBNET 
SUBNET 
SUBNET 
SUBNET 
SUBNET 
SUBNET 
SUBNET 
SUBNET 
SUBNET 
SUBNET 

808 NODES IN A 10901 
COMPNET FILE CREATED 

INPUT >DEFINE 
4359 FAULTS DEFINED 

DEFINE FILE CREATED 
INPUT >SWEEP TO 86 
INPUT >GO 

OFAULT SIMULATION STARTED 
FAULT SIMULATION COMPLETE- RESTART POINT AT CYCLE 87 
INPUT >COUNT 

1627 FAULTS DETECTED LAST SEGMENT 
99 PERCENT OF REAL FAULTS 

0 UNSTABLE FAULTS LAST SEGMENT 
5 UNDETECTED FAULTS REMAINING 
0 PERCENT OF REAL FAULTS 

1628 CUMULATIVE FAULTS DETECTED 
99 PERCENT OF REAL FAULTS 

INPUT >FPRINT UNDET 
1 A 10901 ON 80.323 AT 16.01.46 UNDETECTED FAULTS TO CYCLE 87 

NAME NUMBER 1/0 SEQ TYPE CL 
B26-CI 3103 I 0 IS1 R M53 
A92-Y 3656 I 2 ISO R 108 
B04-Y 3829 0 1 S1 R 111 
B83-A 4042 I 0 ISO R H52 
B26-AO 4236 I 0 ISO R M53 

INPUT >EXIT 

FIGURE 35. Fault Grade Results of FLOGCAP Program 
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FIGURE 36. AC SIMULATION 
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THE MACROCELL 
LIBRARY - TECHNICAL 

DATA 

The Macrocell library consists of three groups of 
cells: 

1. MAJOR CELLS 
2. INTERFACE CELLS 
3. OUTPUT CELLS 

A. Logic Symbology 
Positive logic is assumed for all logic drawings where 

a logic "I" is a high voltage level (VQH) and a logic 
"O" is a low voltage level (VOL). 

The library consists of more than 100 macros. All 
inputs and outputs are labeled with the symbols used 
in the CAD system for defining the 1/0 ports. A circle 
on an input to a logic gate or block denotes that an 
active "low" enables that input. The inputs to the logic 
block are denoted on the left and bottom side of the 
block. The outputs are on the right side of the logic 
block. 

A circle on the output of a logic block denotes the 
output is active in the "low" state. Logic equations are 
given to define the simple gate functions; truth tables 
and logic equivalent diagrams are shown for the more 
complex macros. 

B. Propagation Delay 
The worst case propagation delay is specified for 

VEE = - 5.2 volts ± 10%, and a maximum junction 
temperature of T J max = 115°C. For the MCA 1200, 
attaching a recommended heat sink or equivalent to 
the package and a 1000 LFPM of air flow will generally 
result in an ambient temperature range of 0°c to 10°c. 
For the MCA600, 500 LFPM of air flow (no heat sink 
required) will generally result in an ambient tempera­
ture range of 0°C to 70°C. In general, a lower junction 
temperature will result in faster propagation delays. 

For the Major and Interface Cell macros, the values 
given for propagation delay are maximum values for 
a 1.0, 1.5, 1.8 or 2.0 mA output follower current driving 
a fan-out of 1. The numbers are also good for an 0.5 
or 0.8 mA output follower driving a fan-out of 1 on the 
rising edge at the output (tpd +) but for the falling edge 
delay (tpd-). 200 ps must be added to the specified 
delay. 

For Output cell macros, the values given for propa­
gation delay are maximum for the output package pin 
driving 50 n (25 n for macro 024 or 025) to - 2.0 volts. 
The propagation delays specified are measured from 
the 50% point of the input rising or falling edge to the 
VTH point of the output rising or falling edge. VTH is 
the Vss threshold voltage which is equal to -1.3 volts 
(for Vee = o volts) at 25°C ambient. The 50% point 
of the input and the VTH point of the output are adjusted 
by + 1.2 mV for each + 1°C increase in ambient 
temperature. 

Propagation Delays 

'°'"' *._5_0°_Yo_(v_r_H_l -'-----

~ tpd~ 

O"''"' *r-VT_H_At-25_'C_a-mbient, the output measurement is to the -1.3 volt point (Vee= o volts). 

Input * 50% (VTH) c 
!setup lhold I ---..... ~-------. 1-50% (VTH) 

Setup and Hold 

TEST PROCEDURE: 
a) Establish setup time with long !hold 
b) Keeping the leading edge of the input constant 

(!setup) vary the trailing edge of the input to deter­

mine 'hold· 

FIGURE 37. SWITCHING WAVEFORMS 
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50-ohm termination to ground located in each scope 
channel input. 

Scope 
Ch. A 

50 !l Input 

Vcco =Vee= +2.0 Vdc 

Scope 
Ch.B 

50 !l 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 TPin to input pin and TPout to 
output pin. 100µF T T0.1 µF 

INPUT PULSE 

Pulse 
Generator 

tr= tf = 1 .0 ns (20 to 80%) 

Coax 

Coax 

VoH = +1.10V} . 0 
VoL = +o.30 v For ambient temperature of 25 C 

Device 
Under 
Test 

VEE= -3.2 Vdc 

Coax 

TPout 

FIGURE 38. SWITCHING TEST CIRCUIT 

Major cell macro H02 can be used as an example 
of the terminology. tpd is the propagation delay from 
all upper level inputs (no asterisk) to all outputs. tpd* 
(Y,Z) is the propagation delay from the lower level in­
puts (shown with asterisk) to the Y or Z output. 
tpd + *(Y ,Z) is ~e pr_Qpagation delay from the lower level 
inputs to the Y or Z outputs on the rising edge of the 
output (low to high voltage transition). tpd- * (Y,Z) is 
the propagation delay from the lower level inputs to the 
Y or :Z outputs on the falling edge of the output (high 
to low voltage transition). 

Figure 37 shows the switching waveform definitions 
while Figure 38 shows the switching test circuit for test­
ing the ac performance. Note that 1 ns input rise and 
fall times (20 to 80%) are required in order to meet the 
specified propagation delays. 

C. Setup and Hold Time 
The worst case setup and hold times are also listed 

for all flip-flops and latches. The setup time (tsetup) is 
the amount of time the data must be present before the 
latching edge of the clock in order to insure the data 
is latched properly. The hold time (thold) is the amount 
of time the data must remain unchanged after the latch­
ing edge of the clock in order to insure the data will 
remain valid. 

D. Pulse Width 
The worst case minimum pulse width (tpw) is also 

specified for the clock inputs of latches and flip-flops 
in order to insure proper operation. If the clock input 
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is being driven directly from an input pin, the specified 
tpw is valid for a fan-in of 1 for input rise and fall times 
of 1.0 ns (20 to 80%). See Section V-0, Page 24, for 
more details. 

E. Power Dissipation 
The typical power dissipation is specified for each 

of the macros in the library. However, this power does 
not include the power of the output follower. To cal­
culate the power due to the output follower for major 
and interface macros, multiply VEE ( - 5.2 volts) times 
the selected output follower current. The maximum and 
minimum power for each macro can be calculated by 
multiplying the typical power by 1.25 and 0. 75 
respectively. 

For the output cell, the load resistor for the output 
follower is placed outside the Macrocell Array package. 
Therefore, the output cell power dissipation does not 
include the output follower power. When calculating the 
package power, the power of the output transistor (near 
bonding pad) needs to be added to the total. For 50 
n terminations to - 2.0 volts, the average power dis­
sipation for the output transistor is 15 mW. For driver 
macros that are cutoff in the low voltage state, the 
average power dissipation of the output transistor is 20 
mW for a 25 n load or 1 O mW for a 50 0 load. 

For major cell macros, the typical power dissipation, 
Po, is given for each macro for the whole cell. If only 
a half cell is used (for half cell macros), divide the 
indicated power by 2. 



F. Fan-in 
The input fan-in is shown in parenthesis, ( ), at the 

logic input of each macrocell in the Library when the 
fan-in is not equal to 1. When the input fan-in is equal 
to 1, the (1) is not shown. 

G. Wire OR 
The number of internal wire OR connections is in­

dicated in parentheses at the macro outputs. This num­
ber is needed only when calculating the wire OR delay 
due to a wire OR connection between macrocell out­
puts. See section on Wire ORing for more details. 

H. Output Current 
Each cell location contains a number of resistors 

designated to provide a variety of output-current op­
tions for the designer. These resistors are appropriately 
connected by the CAD-derived Macro metallization 
pattern in accordance with the designer's specifications. 

For Major Cell Macros: 

If a half-cell utilizes either one or two outputs, 0, 0.5, 
1.0, or 2.0 mA can be specified for each output unless 
specified otherwise. For wholecell Macros utilizing up 
to four outputs, each output may be specified for 0, 0.5, 
1.0 or 2.0 mA unless specified otherwise. 

Each Major cell quadrant has three resistors, two 
providing a 0.5 mA load each and one with 1.0 mA 
load. The resistors are connected in parallel to select 
the desired output current levels. For half cells con­
taining four outputs, two of the outputs are normally the 
complement of the other two (for instance, Y, Z and Y, 
Z). The Y and Y outputs are in one quadrant sharing 
the three resistors, while the Z and Z are in the other 
quadrant. The possible current options for outputs shar­
ing the same quadrant are (0,0), (0,0.5), (0, 1.0), (0,2.0), 
(0.5,0.5), and (1.0, 1.0) mA. 

For Interface Cell Macros: 

An output follower current of 0, 0.5, 1.0, or 1.5 mA 
can be selected for each output even if both outputs 
are used unless specified otherwise. For 113 and 114, 
the Q output can be selected for 0, 0.8, 1.0, or 1.8 mA 
while the Q output can be selected for 0, 0.5, 1.0, or 
1.5 mA. 

For Output Cell Macros: 

The Y1 output may be specified for 0, 1.0, or 2.0 mA. 
For Transceiver Macros 016 and 017, the receiver out­
put can be specified as 0, 1.0, or 2.0 mA. 

I. Lower Level Inputs 
Inputs that are connected to an input follower are 

marked with an asterisk, *, and are connected to the 
lower level of a series gated structure. Unmarked inputs 
go directly to base of a transistor connected in the 
upper level of a series gated structure. These two dif­
ferent types of inputs are differentiated in order to spec-. 
ify different propagation delays, and different rules for 
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connecting to input compensation networks and to in­
put package pins. 

All inputs of Interface and Output cell macros are 
allowed to be connected to package pins or to the Y1 
output of an Output cell macro. An extra diode drop is 
used in these cells on lower level inputs to eliminate 
potential saturation problems. 

For Major cell macros, upper level inputs and lower 
level inputs marked with a circle around the asterisk, 
0, are allowed to be connected to package pins or to 
the Y1 output of an Output cell macro. Stated differ­
ently, Major cell macros with inputs marked with an 
asterisk (with no circle around it) are not allowed to be 
connected to package pins or to the Y1 output of an 
Output cell macro due to potential saturation problems. 

J. Major Cell Macros 
The macros in the Major Cell Library are labeled with 

an "H" or "M" followed by two numbers. The "H" rep­
resents a macro using only half (or less) the compo­
nents of a Major cell and is called a half cell macro. 
The half cell macro can be placed in either the top or 
bottom half of a major cell. As an example, H31 (a D 
flip-flop) could be placed in the top half of a major cell 
and an H52 (a full adder) could be placed in the bottom 
half. The "M" represents a macro requiring more than 
half the components in the major cell and therefore 
requires the use of both the top and bottom half of the 
cell. 

H01 through M30 include various combinations of 
gating functions that can be used in clock driving, parity 
checking, data transfer, carry lookahead generation. 
H31 and M32 are edge triggered D flip-flops that can 
be used for registers and counters. An asynchronous 
reset can be formed with these flip-flops by tying the 
reset and one of the clock inputs together. However, 
a narrow pulse can occur at the flip-flop output when 
it is reset as indicated in the truth table. 

H33 through H54 produce useful logic functions such 
as latches, multiplexers, decoders and full adders. M53 
contains a full adder plus a half adder with 2~bit prop­
agate and generate functions. This is very useful in 
generating fast adders. 

H59 through H62 are similar to H01 through H04 but 
contain an extra gating input. H63 through H69 are 
similar to other macros except they contain less logic 
and therefore less power. 

H71 through M80 are similar to other macros except 
all the inputs are allowed to be connected to package 
pins or to the Y1 output of an output cell. All lower level 
inputs have a diode placed in series with the input 
follower, similar to an interface cell. 

H81 is an edge triggered D flip-flop with a differential 
receiver on the clock and data inputs. Also, internally 
the master drives the slave differentially. The reason 



for the differential drive is to minimize the skew or dif­
ference between the logic "1" and logic "O'' setup and 
hold times. Separate reset inputs control the resetting 
of the master and slave portions of the flip-flop. 

K. Interface Cell Macros 
Most of the macros in the Interface Cell Library are 

labeled with an "I" followed by two numbers and a "T" 
followed by the same two numbers. When using CAD, 
the "I" designation is used to place the macro in a side 
interface cell (left side) and the "T" designation is used 
to place the macro in the top or bottom row of interface 
cells. Although the "I" and 'T" cells are logically equiv­
alent, a different internal cell metal pattern is required 
which results in different 1/0 port channel assignments. 

All inputs of Interface Cell macros can be connected 
to input package pins or to the Y1 output of Output Cell 
macros. These cells can be utilized for input interfacing 
and to provide extra logic power within the array. 

Dual gate functions are also available in the library 
in numerous combinations. Very useful macros like 
105, 106, 107, and 110 (where one input is inverted) are 
not available in standard logic families. Macros 106 and 
107, together, can be used to form a 1-of-4 decoder 
similar to M45, except that an enable line is not present. 
Macros 113 and 114, together, can be used to form a 
D flip-flop similar to H31. 

120 is a dual differential line receiver that can be used 
to receive logic information using twisted pair lines. The 
differential receiver is used to provide maximum system 
noise immunity. The common mode noise rejection is 
approximately ± 1 volt. 

L. Output Cell MACROS 
Most of the macros in the output cell are labeled with 

an "O" followed by two numbers and a "G" followed 
by the same two numbers. When using CAD, the "O" 
designation is used to place the macro in a side output 
cell (right side) and the "G" designation is used to place 
the macro in the top or bottom row of output cells. 
Although the "O" and "G" cells are logically equivalent, 
a different internal metal pattern is required which re­
sults in different 1/0 port channel assignments. 

All inputs of Output Cell macros can be connected 
to input package pins or to the Y1 output of Output Cell 
macros. The output cells are primarily used to provide 
the interface between the internal logic and the logic 
outside the package providing 50 ohm and 25 ohm 
drive capability. Output Cell macros containing a Y1 
output can be used as an Interface Cell macro since 
the Y1 output can drive inputs of Major Cell macros not 
marked with an asterisk (*). The Y1 output can also 
drive any input of an Interface Cell macro or an Output 
Cell macro. 

Although the Output Cell macros are primarily used 
for interfacing, they also provide extra logic capability 
with logic functions such as OR-AND, exclusive OR 
with enable, 2 to 1 multiplexer with enable, and latches. 
There are several drivers that are capable of driving 
50 ohm or 25 ohm loads with the VoL state in the cutoff 
mode (VOL (Max) = -1.95 volts). The driver output 
of 016, 017, 018, and 019 are capable of driving 50 
ohms to - 2.0 volts while 024 and 025 are capable of 
driving 25 ohms to - 2.0 volts. 

The Y output of Output Cell macros 016, 017, 018, 
and 019 can be routed to pins with one output emitter 
follower transistor. However, the Y output of the 25 ohm 
driver macros must be routed to pins that have two 
transistors. 

Table 8 lists the package pins that have two transis­
tors as well as cell locations restrictions for placing a 
transceiver macro (016 or 017) or the driver macros 
(018, 019, 024, and 025). See Figure 3a and 3b for cell 
location assignments. 

In addition, no more than 1 O total 25 ohm drivers 
(024 and 025) or transceiver macros (016 and 017) 
may be placed in the array (5 max. in the upper half 
and 5 max. in the lower half). The maximum number 
of 50 ohm driver macros with VoL in the cut-off mode 
(018 and 019) allowed per design option is 18 (9 max­
imum in the upper half of the array and 9 maximum in 
the lower half). Refer to Section IV-B, page 14, for more 
details on the maximum number of drivers allowed. 

TABLE 8 - Package Pins Having Two Transistors and Driver Placement Restrictions 

CELL LOCATIONS NOT ALLOWED 
FOR DRIVER PLACEMENT 

MCA PACKAGE PINS HAVING FOR MACROS FOR MACROS 
TYPE TYPE TWO TRANSISTORS 016,017,024,025 018,019 

MCA1200 68 PIN LCC 1, 2, 16, 17, 18, 19, 67, 68 27, 37, 47, 57, 67, 77 37,47, 57, 67 

68 PIN LCC 4, 5, 13, 14, 18, 19, 67, 68 

MCA600 40 PIN DIL 14, 15, 17, 18, 23, 24, 26, 27 25, 35, 45, 55 -
28 PIN DIL 2, 3, 5, 6, 23, 24, 26,27 

72 PGA C2, D1, H1, H2, L2, K2, B3,A2 

MCA1200 72 PGA 81, B2,J2, K1, L2, K2, B3,A2 27, 37, 47, 57, 67, 77 37, 47, 57, 67 
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M. MCA ECL DC Parameters 

Spec Limits 1 
Input 

Ambient Temper_.ture Forcing 
Voltages Parameter O"C 2s0c 1o·c Unit Comments 

VQH MAX4 -0.840 -0.810 -0.730 Vdc For all outputs 
V1H MAX VQH MIN -1.000 -0.96 -0.905 Vdc For all outputs 
and 
V1LMIN VOL MAX -1.665 -1.650 -1.625 

Vdc 
For all outputs, excluding drivers 

VoL MAX 2 -1.950 -1.950 -1.950 Drivers only 

VOL MIN -1.950 -1.950 -1.950 For all outputs, excluding drivers 

VOL MIN 2 
Vdc 

-2.020 -2.020 -2.020 Drivers only 

V1HA MIN 
VQHA MIN -1.020 -0.980 -0.925 Vdc For all outputs 

and VQLA MAX -1.645 -1.630 -1.605 Vdc For all outputs, excluding drivers 

V1LAMAX VQLA MAX 2 -1.950 -1.950 -1.950 Vdc Drivers only 

V1H MAX l1NH MAX 50 50 50 For each fan-in 

150 150 150 
µA 

For input pulldown (= 50 k!l) 

V1LMIN l1NLMIN 3 0.5 0.5 0.5 µA Measured only if input pulldown is used 

V1H MAX -0.840 -0.810 -0.730 Vdc 

V1LMIN -1.950 -1.950 -1.950 Vdc Input 

V1HA MIN -1.145 -1.105 -1.050 Vdc 
forcing 

voltages 
V1LA MAX -1.490 -1.475 -1.450 Vdc 

© DC test limits are specified after thermal equilibrium has been established with the MCA device having an attached heat sink and a transverse air flow of 
1000 LFPM for the MCA1200 and 500 LIPM and no heat sink for the MCA600. VEE = -5.2 v ± 0.010 v. All outputs are loaded with 50 n to -2.0 volts 
except the 25 n drivers (024, 025) which are loaded with 25 n to - 2.0 volts. 

® These voltage limits are for the driver output of macros with VoL in.the cutoff mode (driver macros include 016, 017, 018, 019, 024, 025). 

@ In Final Test, this measurement insures that the input pulldown resistor is connected. There is no test for minimum input current if the input pulldown resistor 
is not used. 

® For an output pin having a wire OR of two output cell macros, +60 mV must be added to the VoH MAX specification limit. 

It is not necessary to measure all points on the trans­
fer curves. To guarantee correct operation it is sufficierit 
to measure two sets of min/max logic level parameters. 

The first set is obtained by applying test voltages, 

+ ~ 
Gate Output 

(measured test limits) 

V1L min and V1H max (sequentially) to the gate inputs, 
and measuring the output levels to make sure they are 
between VoL max and VoL mini and VoH max and 
VoH min specifications. 

-1.950 -1.475 -1.105 . -0.810 

=""""""""'=.,. -0.810 

-0.960 
-0.980 

{High 
~State 

Vol max ~~~~= l Low 
) State 

Test Conditions: 25°C 
VEE = -5.2 V 
50 n matched 

inputs and outputs 

VoL min-+===l"""'"""l="'I"'==..,. 

V1L min 

(Appli~~t~e~~pv~ltage)} .. Jiii~ ~:1.~0 V 

(Switching Threshold) 

FIGURE 39. MECL TRANSFER CURVES (MCA ECL EXAMPLE) and SPECIFICATION TEST POINTS 
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The second set of logic level parameters relates to 
the switching thresholds. This set of data is distin­
guished by an "A" in symbol subscripts. A test voltage, 
V1LA max. is applied to the inputs and the outputs are 
measured to see that they are above the VQHA min 
and below the VoLA max levels, respectively. Similar 
checks are made using the test input voltage V1HA min· 

The result of these specifications insures that: 
a) The switching threshold (=V99) falls within the 

darkest rectangle; i.e., switching does not begin outside 
this rectangle; 

b) Quiescent logic levels fall in the lightest shaded 
ranges; 

c) Noise immunity guideline is met. 

· N. Limits Beyond Which Device Life May Be Impaired 

Characteristic Symbol Unit Value 

Supply Voltage (Vee = O) VEE Vdc -7.0 too 

Input Voltage (Vee = O) Vin Vdc 0 to VEE (-5.2 v) 

Input Voltage Bus (Vee = O) Vin Vdc o to -2.0 <D 
Output Source Current Continuous (50 n drive) lout mAdc 30 

Output Source Current Surge (50 n drive) @ lout mAdc 100 

Output Source Current Continuous (25 n drive) lout mAdc 60 

Output Source Current Surge (25 n drive)@ lout mAdc 200 

Storage Temperature Tstg oc -55 to + 150 

Junction Temperature ® TJ oc 165 

<D Input voltage limit is Vee to - 2.0 volts when bus is used as an input and the output drivers are disabled. 

® Maximum TJ may be exceeded (""250°C) for short periods of time (""240 hours) without significant reduction in device life. 

@ The surge current is defined as an output current between 30 mA and 100 mA for 50 n drive and 60 mA and 200 mA for 25 n drive lasting for ""10 µsand 
having a duty cycle of not more than 1%. 

0. Recommended Operating Conditions 

Characteristic Symbol Unit Value 

Supply Voltage (Vee = O) VEE Vdc -4.68 to -5.72 

Operating Temperature With He.at Sink and 1 OOOLFM for MCA 1200, TA oc Oto +70 
No Heat Sink and 500LFM for MCA600 (DC & Functional) 

Maximum Junction Temperature (Functional) TJ oc 130 

Maximum Junction Temperature TJ oc 115 
(For AC Specifications) 

Maximum Clock Input Rise & Fall Times (20 to 80%) tr. tf ns 10 
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Major Cell Library 
NOTES: Values given for prop. delay, tpd, are max. for 1 mA or 2mA output follower current driving a fan-out of 1. 
Values given for power dissipation, PD, are typical with unloaded outputs. Output follower current can be selected 
for 0, 0.5, 1, or 2mA. Number in ( ) at the inputs indicate fan-in other than 1. *Inputs are connected to an input 
follower. Number in ( ) at the outputs indicate the total number of internal wire OR's. Unmarked upper level inputs 
and®lnputs can be connected to input package pins while* inputs cannot. 

H01 

HALF CELL 

~~y c y 
D 
E~Z 
~=<t_)-Z 

1------------1 

F z E=LJ=-
G Z AD=-B y 
c y 
D 

Y=A•B•C•D 
Y=A+B+C+D 
Z=E•F•G 
Z=E+F+G 
tpd = 1.2ns 
PD= 20.SmW 

H04 

HALF CELL 

s·~ c· v 
A y 

E"~Z 
D --fL.___,.L- z 

!------------

s·~ c· v 
A y 

E·~z 
D ---H___,L- Z 

y =A Ell (B. C) 
Z = D Ell E 
tpd = 1.05ns 
tpd• = 1.4ns 
PD= 31.2mW 

H02 

HALF CELL 

1--------------1 

y = A • 8 • (C + D) 

Z=G•E•F 
tpd = 1.1ns 
tpd.(Y, Z) = 1.3ns 

tpd+.(Y, Z) = 1.3ns 
tpd-•(Y, Z) = 1.5ns 

PD= 31.2mW 

H05 

HALF CELL 

~~-D y 
E . Y (2) 
F 
G 

!-----------

A~ B c -! ~ (2) 

Y=A+B+C+D+E+F+G 
tpd (Y) = 1.1 ns 
tpd-(Y) = 1.7 ns 
tpd + (Y) = 2.0 ns 
PD= 20.8 mW 
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H03 

HALF CELL 

AW= 8 -
c· ~ 
D· 

r-----------

AW= B -
c· ~ 
D· 

Y = (A+ B) • (C + D) 
Z = (E + F) • G 
tpd = 1.1ns 
tpd• = 1.4ns 
PD= 31.2mW 

H06 

HALF CELL 

j;~~{2) 

r------------1 

N~ s· 
c y (2) 
F y 
E• 
D· 

Y = (A+ 8) • (D + E) • C • F 
tpd (Y) = 1.5ns 
tpd•(Y) = 1.6ns 
tpd (Y) = 1.0ns 
tpd•(Y) = 1.4ns 

PD= 31.2mW 



B 
c 

H07 

HALF CELL 

A ·--'=:..._.iL__l--\~--

F· ------<r-' 
D 
E 

B 
c 
A• 
F· 
D 
E 

,---....._____. 

Y = [A • (8 + C)] Ell [F • (D + E)] 
tpd = 1.45ns 
tpd' = 1.90ns 
PD= 31.2mW 

H10 

HALF CELL 

y (2) 

y (2) 

~·~?(2) 
c ~ y 

~.~?(2) 
C~Y 

Y = (A$B)•C 
tpd (VJ = 1.05 ns 
tpd-(Y) = 1.15 ns 
tpd +(Y) = 1.45 ns 
tpd'M = 1.4 ns 
tpd'(Y) = 1.7 ns 
PD= 26mW 

B 
c 

H08 

HALF CELL 

A·---,_.~ 

F·--...r--
D 
E 

B 
c 
A• 
F· 
D 

E 

Y=[A •(B+C)]E!l[F •(D+E)] 
tpd = 1.45ns 
tpd' = 1.90ns 
PD =31.2mW 

H11 

HALF CELL 

~·~ C· y 
D· 

y (2) 

y (2) 

(2) 

f--'------- -- - _ __,, 

A 
~·~Y(2) 
D·~ 

Y=AEllB E!IC E!ID 
tpd = 1.2ns 
tpd +• = 1.55ns 
tpd-' = 1.65ns 
PD= 31.2mW 
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H09 

HALF CELL 

A~ B y 
c· v 
D· 

A~-8 y 
c· v 
D· 

v = (A • Bl Ell (C • 5) 
tpd = 1.2ns 
tpd' = 1.55ns 
PD= 15.6mW 

H12 

HALF CELL 

~·~ c y ~ 
D· 

~·~ Y(2) 
D·~ 

Y=AEllBE!ICE!ID 
tpd = 1.2ns 
tpd + • = 1.55ns 
tpd- • = 1.65ns 
PD= 31.2mW 



M13 

A 
8 
c 
D 
E y 
F 
G y 

H 
I 
J 
K 
L 

Y=A+8+C+D+E+F+G+H+I+ 
J+K+L 
tpd (Y) = 1.15ns 
!pd - (Y) = 2.1 ns 
tpd + (Y) = 2.35ns 

PD= 20.BmW 

H16 

HALF CELL 

A 
8 
c·-----i_J 

F·--~-, 

D 
E 

A 
8 
c· 
F· 
D 
E 

Y = (A+ 8) • C + (D + E) • F 
tpd (Y) = 1.25ns 
tpd•(Y) = 1.45ns 
!pd - (Y) = 1.25ns 
tpd - •(Y) = 1.45ns 

tpd + (Y) = 1.45ns 
!pd+ •(Y) = 1.60ns 

PD= 31.2mW 

(4) 

v 
y (2) 

y 
y (2) 

M14 

A 
8 
C" 
D 
E 
F• 
G 
H 
1· 
J 
K 
L· 

Y =(A+ 8) • (D + E) • (G + H) • (J + K) • 
C•F•l•L 
tpd (Y) = 1.8ns 
tpd.(Y) = 1.9ns 

tpd (Y) = 1.1 ns 
tpd.(Y) = 1.35ns 

PD= 31.2mW 

F" ---~---.. 
E 
G-'"'---" 
A 
8 -...,_____/ 

c· 
D·-...,____/ 

F• 
E 
G 
A 
8 

c· 
D· 

H17 

HALF CELL 

Y=A•B+C•D+F•E•G 
tpd (Y) = 1.35ns 
tpd.(Y) = 1.55ns 
!pd - (Y) = 1.35ns 
!pd - •(Y) = 1.55ns 

!pd+ (Y) = 1.5ns 
tpd +•(Y) = 1.75ns 
PD= 31.2mW 
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y 
y (2) 

H15 

HALF CELL 

~~y D Y (2) 
E 
F 

8 -c y A~ 
~ y (2) 

Y=A•B•C+D•E•F 
tpd = 1.3ns 

PD= 20.BmW 

H18 

HALF CELL 

y 

(2) 

y 

(2) 

Y = (A • B + C) • D +(A • 8 + C) • (D + E) 
tpd = 1.4ns 
tpd• = 1.6ns 
PD= 31.2mW 



M19 

~Y(2) 
D' 

;~Z(2) 

Y = (A+ B) Ell c Ell D 
z = (E • F + G) iD H 
tpd (Y) = 1.4ns 
tpd (Z) = 1.25ns 
tpd'(B-.Y, G-.Z) = 1.6ns 
tpd'(D-. Y) = 1.Sns 
PD= 28.6mW 

M22 

A 
B 
c 
D 
E 
F' 
G 
H 
I 
J 
K 
L" 

y 

y (4) 

Y=A•B•C+D•E•F+G•H• 
i+J•K•L 
tpd (Y) = 1.15ns 
tpd • (Y) = 1.3ns 
tpd - (Y) = 1.35ns 
tpd + (Y) = 1.55ns 
tpd - '(Y) = 1.75ns 
tpd +·(Yi = 2.0ns 
PD= 26mW 

M2~ 

A 
B 

(2) c 
(2) D 

E 
F y 

G y 
H (4) 

(2) I 
(2) J 

K 
L 

Y=A•B•C•D+E•F•C•D+G• 
i=l 0 ioJ+R°C 0 ioJ 
tpd (Y) = 1.2ns 
tpd - (Y) = 1.3ns 
tpd + (Y) = 1.5ns 
PD= 20.SmW 

M23 

A 
B 
c 
D 
E 
F 
G 
H 

I' 

J~Z K" . Z 

v = A•B•C + D•E•F + G·H + T 
Z=JE9K 
tpd(Y) = 1.15ns 
tpd"(Y) = 1.45 ns 
tpd (Z,Z) = 1.05 ns 
tpd*(Z,Z) = 1.4 ns 
tpd-(Y) = 1.3 ns 

tpd - *(VJ = 1.55 ns 
tpd + (Y) = 1.5 ns 
tpd +(VJ = 1.7 ns 
PD= 26mW 
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M21 

A 
B 
c 
D 
E 
F 

G 
H 
I 
J 
K 
L 

Y=A•B•C+D•E•F+G•H• 
i+J 0 R°C 
tpd (Y) = 1.2ns 
tpd - (Y) = 1.3ns 
tpd + (Y) = 1.5ns 
PD= 20.SmW 

M24 

E' 
F 
G 

A 
B 

c· 
D· 

H 
I 

s~ K' 

L 
M 
N' 

Y=A•B+C•D+E•F•G+H• 
i+J•K+L•M•N 
tpd (Y) = 1.1ns 
tpd - • (Y) = 1.35ns 
!pd + • (Y) = 1.55ns 
tpd -(Y) = 1.7ns 
tpd + (Y) = 1.55ns 
tpd-"(Y) = 1.75ns 
tpd +"(Y) = 1.95ns 
PD= 31.2mW 

y 
y 

(4) 

y 

y 

(4) 



M25 

A 
B 

c· 
D' 

G y 
F 
E' y 

H (4) 
I 
J' 
L 
M 
N' 

Y=A•B+C•D+E•F•G+R·i· 
J+L•M•N 
tpd (Y) = 1.1ns 
!pd -·(Y) = 1.35ns 
tpd+•(Y) = 1.55ns 
tpd-(Y) = 1.7ns 
tpd + (Y) = 1.55ns 

A 
B c 
D 
E 
F 

G 
(2) H 
(2) I 

J 
K 
L 

M28 

tpd -·(v) = 1.75ns 
tpd + •('?) = 1.95ns 
PD= 31.2mW 

y 
y 

(3) 

z 
z 

Y=A•B•C•D+E•F+G•H•i 
Z=H-i+J•K•L 
tpd (Y) = 1.15ns 
tpd - (Y) = 1.3ns 
tpd + (Y) = 1.5ns 
tpd (Z, Z) = 1.1ns 
tpd +•(z, Z) = 1.3ns 
tpd-·(z, Z) = 1.5ns 
PD =23.4mW 

M26 

A• 

B 
c 
D y 
E 
F y 
I (4) J 

(2)G 

(2) H 

K 
L 

Y=A+B•C+D•E•F+i•J•G• 
R+R•L•G•R 
tpd (Y) = 1.2ns 
tpd - (Y) = 1.45ns 
tpd + (Y) = 1.6ns 
tpd•(Y) = 1.55ns 
tpd - ·(v) = 1.65ns 
tpd + •(Y) = 1.85ns 
PD= 23.4mW 

M29 

y 
y (4) 

J 
K 

Y=A•B•C•D•E+L•D•E+F• 
G•R-i+J•R 
tpd (Y) = 1.4ns 
tpd (Y) = 1.5ns 
tpd•(Y) = 1.7ns 
tpd.(Y) = 1.8ns 
PD =23.4mW 
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H27 

c 
(2) A 

(2) B v 
D' y (2) 

E' -----------
E' 

D' 
(2) B 
(2)A 

c 

v = C•A•B + D•A·B + E•A•B 
tpd(Y) = 1.0 ns 
tpd'(Y) = 1.4 ns 
tpd-(Y) = 1.1 ns 
tpd+(Y) = 1.3 ns 
tpd-*(YJ = 1.5 ns 
tpd+*(YJ = 1.7 ns 
PD= 26mW 

K• 

Y=A•B•C•D•E 

y 
y (2) 

z 
z 
(3) 

z = F•G•D•E + 'R·D·E + i·J + R 
tpd (Y,Y) = 1.1ns 
!pd' (Y, Y) = 1.4 ns 
!pd (Z) = 1.15 ns 
tpd'(Z) = 1.45 ns 
tpd-(ZJ = 1.3ns 
tpd+(Z) = 1.Sns 
tpd- "(ZJ = 1.55 ns 
tpd+'(Z) = 1.7 ns 
PD= 26mW 



H31 - DUAL D F/F 

HALF CELL 

~ 
c1· o 
c2· 

R 

I---------! 

tpw+ (R) = 2.5 ns min 
for Cl + C2 = "H" 
tpw+ (Rand C1/C2 tied 
together) = 4.0 ns min 

- =NO CHANGE 
X =DON'T CARE 
L ="LOW" 
H ="HIGH" 

D 

R 

R 

L 

L 

L 

L 

H 

H 

H 

H 

LOGIC EQUIVALENT 

0 

a 

TRUTH TABLE 

D 

x 
x 
L 

H 

x 
x 
L 

H 

c Q 

H -
L -
L~H L 

L~H H 

H L 

L -
L->H 

11~1 
tpd* = 1.5 ns 
tpd (R _. a, Q) = 3.5 ns 
tSETUP(D) = 1.5 ns 
tHOLD(D) = 0 ns 

L-.. H = LOW TO HIGH TRANSITION PD= 46.8 mW 
C =Cl+ C2 tpw (Cl, C2) = 2.0 ns min 

H33 - DUAL 2 BIT LATCH 

E1' 
E2' 

El" 
E2" 

D¢ 

D¢ 

D1 

HALF CELL 

(2) R 

(2) R 

tpw + (Rand E1/E2 tied 
together) = 2.5 ns min 

- =NO CHANGE 
X = DON'T CARE 
i = O_Q[ 1 _ 
E = E1 • E2 

00 
O(ll 

01 
01 

tpd = (Di->Q,Q) = 1.2 ns 
tpw (E1, E2) = 2.0 ns min 

R 

L 

L 

H 

H 

x 
x 

E1" 
E2" 

LOGIC EQUIVALENT 

TRUTH TABLE 

Di El E2 Qi 

x H x -
x x H -
x H x L 

x x H L 

L L L L 

H L L H 

tpd* = 1.7 ns 
tpd (R--> Q,Q) = 2.0 ns 
tSETUP(D) = 1.5ns 
tHOLD(D) = Ons 
PD= 46.3mW 
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M32 - D F/F W/MUX 

0 
LOGIC EQUIVALENT 

(2)S-4-t...-r--..... 

D1®'-r-t.--' 
R 

R 

TRUTH TABLE 

tpw+ (R) = 3.5 ns min 
tpw+ (Rand C1/C2 tied 
together) = 4.6 ns min 

C =Cl + C2 
D = D0 • S + Dl • S 

R 
L 

L 

L 

L 

H 

H 

H 

H 

tpd (Cl, C2 __,. a, Q) = 1.6ns 
tpd (R--> Q, Q) = 4.2 ns 
tpw - (Cl, C2) = 3 ns min 

D 

x 
x 
L 

H 

x 
x 
L 

H 

c Q 

H -

L -

L~H L 

L~H H 

H L 

L -

L->H L 

L->H J\._ 

tSETUP(D0, S) = 2 ns 
t(SETUP(Dl) = 2.5 ns 
tHOLD(D0, Dl, S) = 0 ns 
PD= 31.2 mW 
tpw + (Cl, C2) = 2 ns min 

H34 - DUAL LATCH W/MUX 

D1® 
(2)S 

HALF CELL 

LATCH 

D 

E 

R 

R 

tpw + (R) = 3.5 ns min 
tpw + (R and E1/E2 tied 
together) = 3.5 ns min 

E =El•~ 
D = DO • S + D1 • S 
tpd + = 1.4ns 
tpd +• = 1.65 ns 
tpd- = 1.95 ns 
tpd -· = 2.45 ns 

0 

a 

R 

L 

L 

H 

H 

x 
x 

tpw (E1, E2) = 3 ns min 

E1" 
E2" 

Di 

x 
x 
x 
x 
L 

H 

LOGIC EQUIVALENT 

TRUTH TABLE 

El E2 Qi 

H x -

x H -
H x L 

x H L 

L L L 

L L H 

tpd (R-. 0) = 2.75ns 
tSETUP(D¢, S) = 2ns 
tSETUP(D1) = 2.5ns 
tHOLD(D¢, D1, S) = Ons 
PD= 41.6mW 



H35 - QUAD LATCH 

HALF CELL 

D il --fLATCHl- Or.l 

E~OO 
D1 -fLATCri}- 01 

E 1a..q_____J- 01 

LOGIC EQUIVALENT 

1----------
Dr.l' ---fLATCH}- Or.l 

Er.l~OO 
D 1 --fLATCHl- Q 1 

E1E>-<L__}-- Ql 

Ail 

A1 

A2 

A3 

TRUTH TABLE 

Di Ei Qi 

x H -

L L L 

H L H 

.,..- =NO CHANGE 
X = DON'T CARE 
i=Oor1 
tpd = 1.2 ns 
tpd* = 1.5 ns 
tSETUP(D0, D1) = 1.5 ns 
IHOLD(D0, 01) = 0 ns 
PD= 52mW 
tpw = 2.0 ns min 

M37 - 4 TO 1 MUX W/E 

MUX LOGIC EQUIVALENT 

y (2) Afl 

A1 

A2 

S1 Sil' EE> 
A3 

s1 sia· 

TRUTH TABLE 

E S1 

H x 
L L 

L L 

L H 

L H 

tpd = 1.4ns 
!pd' (E) = 1.4ns 
!pd* (S~) = 1.7ns 
PD =26mW 

sra y 

x L 

L Ail 

H A1 

L A2 

H A3 

Ar.l 

A1 

A2 

A3 

AfJ 
A1 

A2 

y (2) 
A3 
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M36 - 4 TO 1 MUX W/E 

MUX LOGIC EQUIVALENT 

M 
y (2) 

A1 

A2 

S1 Sil• E* A3 

S1 .Sil' 

TRUTH TABLE 

E S1 

L x 
H L 

H L 

H H 

H H 

tpd = 1.4ns 
tpd'(E) = 1.4ns 
tpd'(S~) = 1.7ns 
PD =26mW 

S'1 y 

x L 

L A¢ 

H A1 

L A2 

H A3 

M38 - 4 TO 1 MUX W/E 

MUX LOGIC EQUIVALENT 

A9J 
y (2) 

A1 

A2 

S1 Sr.l' EE> A3 

S1 S[I' 

TRUTH TABLE 

E S1 

H x 
L L 

L L 

L H 

L H 

tpd = 1.5ns 
tpd'(E) = 1.6ns 
tpd'(S~) = 1.95ns 
PD =26mW 

sit y 

x L 

L ~ 
H A1 

L A2 
H A3 

y (2) 

y (2) 



M39 - 4 TO 1, 2 TO 1 MUX 

~;Qux y (2) 
A2 
A3 

S1 S¢' 

BQl-fMUXl-Z 

B1~z 

s· 

LOGIC EQUIVALENT 
AQl 

S1 

y (2) 

B~~ s· f 

S1 ~ 
L L 

L H 

H L 

H H 

tpd (Y) = 1.4ns 
tpd -'(Y) = 1.95ns 
tpd +•(Y) = 2.1ns 

y 

AQl 

A1 

A2 

A3 

B1 

tpd (Z, Z) = 1.05 ns 
tpd• (Z, Z) = 1.35 ns 
PD= 26 mW 

H41 - QUAD 2 TO 1 MUX 

HALF CELL 

AQl~ux 2::. 
A1 Y 
SA" 

BQly:ux z 
B1 Z 
s9· 

r----------
AQl~ux ~ 
A1 Y 

SA" 

B~~ux ~ 
B1 Z 

s9· 

LOGIC EQUIVALENT 

A~~ SA' ; 

A1 

B¢~ 
SB' ~ 
B1 

TRUTH TABLES 

SA y 

L A¢ 

H A1 

tpd = 1.05ns 
tpd• = 1.4ns 
PD= 31.2mW 

SB z 
L B¢ 

H B1 

61 

H40 - QUAD 2 TO 1 MUX, COM SEL 

HALF CELL 

M MUX y 
v 
z 
z 

LOGIC EQUIVALENT 

s1· 
s2· s 

s1· 
s2· 

TRUTH TABLE 

s y 

L AQl 

H A1 

S=S1+S2 
tpd = 1.05ns 
tpd• = 1.4ns 
PD= 26mW 

z 
8Ql 

B1 

H42 - QUAD TO 1 MUX W/E 

HALF CELL 

y 

y 

z 
z 

A1 y MBux LOGIC EQUIVALENT 
8!ii - --
B1 z 

r--- - _s:.._ E.'.flL - -

M8 A1 _ _ _ y 

8Ql Z 
B1 

9 
s· E' (3) 

M 

A1 

81 

TRUTH TABLES 

E s y 

H x L 

L L AQl 
-

L H A1 

tpd=1.15ns 
tpd..: (S) = 1.55ns 
tpd +•(S) = 1.9ns 
tpd -·(E) = 1.65ns 
tpd +•(E) = 2.0ns 
PD= 26mW 

y 

z 

S'E' (3) 

z 
L 

8Ql 

81 



H43 - DUAL 2 TO 1 MUX 

HALF CELL Aji©UX .· 90' y 

A1 Y 
91 

s· 
1-----------1 

AlliaJUX 90 y 

A1 Y 
91 

s· 

LOGIC EQUIVALENT 

TRUTH TABLE 

s y 

L A0+B0 

H A1 +B1 

tpd = 1.3ns 
tpd• = 1.6ns 
PD= 15.6mW 

M45 - 1/4 DECODER (LOW) 

LOGIC EQUIVALENT O Y0(2) 

Ali Y1 (2) 

A1 Y2 (2) 

E" Y3 (2) 

TRUTH TABLE 

E A1 A!<l 
L x x 
H L L 

H L H 

H H L 

H H H 

tpd = 1.3ns 
tpd +· = 1.7ns 
tpd - • = 1.9ns 
PD= 13mW 

Y0 Y1 
H H 

L H 

H L 

H H 

H H 

A1 Ali 

Y2 Y3 
H H 

H H 

H H 

L H 

H L 

Yli (2) 

Y1 (2) 

Y2 (2) 

Y3 (2) 
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M44 - 1/4 DECODER (HIGH) 

LOGIC EQUIVALENT D Y¢ 
(2) Ai1I Y1 

~)A1 Y2 
(2) E• Y3 

(2) A1 (2) Ali 

TRUTH TABLE 

E A1 A¢ 
L x x 
H L L 

H L H 

H H L 

H H H 

tpd = 1.2ns 
tpd• = 1.4ns 
PD= 26mW 

Y0 Y1 Y2 Y3 
L L L L 

H L L L 

L H L L 

L L H L 

L L L H 

M46 - 114 DECODER (HIGH) 

Y¢ 

Y1 

Y2 

Y3 

LOGIC EQUIVALENT 

"OECODER Y0 (2) A'IJ Y1 

(2) A1 Y2 

(2) ea Y3 

(2)A1 (2)A0 

TRUTH TABLE 

E A1 A¢ 
H x x 
L L L 

L L H 

L H L 

L H H 

tpd = 1.2ns 
tpd• = 1.4ns 
PD= 26mW 

Y0 Y1 Y2 Y3 
L L L L 

H L L L 

L H L L 

L L H L 

L L L H 

Y0 

Y1 

Y2 

Y3 



M47-1/4 DECODE (LOW) 

LOGIC EQUIVALENT Uy"'' Afil Y1 (2) 
A1 Y2 (2) 

E0 Y3 (2) 

A1 Afil 

TRUTH TABLE 

E A1 
H x 
L L 

L L 

L H 

L H 

tpd = 1.3ns 
tpd +• = 1.7ns 
tpd-· = 1.9ns 
PD= 13mW 

A¢ 
x 
L 

H 

L 

H 

Y0 Y1 Y2 Y3 
H H H H 

L H H H 

H L H H 

H H L H 

H H H L 

M49 - PRIORITY EXPANDER 

(3)H2'0 H1 Y3 
H£1 Y2 

(2) L2 Y1 
L1 Y¢ 
L0 

LOGIC EQUIVALENT H2 H1 H0' 
(3) '--i--t..----i 

(2) 
L2 L 1 L¢ 

TRUTH TABLE 

H2 H1 
L L 

H L 

H L 

H H 

H H 

L L 

L L 

L L 

L L 

tpd = 1.1ns 
tpd• = 1.4ns 
PD= 26mW 

H0 L2 
L L 

L x 
H x 
L x 
H x 
L H 

L H 

L H 

L H 

L1 L0 Y3 Y2 Y1 
L L L L L 

x x H L L 

x x H L L 

x x H L H 

x x H L H 

L L H H L 

L H H H L 

H L H H H 

H H H H H 

Yr;I (2) 

Y1 (2) 

Y2 (2) 

Y3 (2) 

Y3 

Y2 

Y1 

Y)il 

Y0 

L 

L 

H 

L 

H 

L 

H 

L 

H 
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M48 - PRIORITY ENCODER 

(4)D0'0RIENC 

LOGIC EQUIVALENT 

Y2 
(4) D1 • Y1 (2) 
(3) D2' Y0°(2) 
(2) D3' 

D2 D¢ 
D3 (3) (4) 
(2) D1 

TRUTH TABLE (4 ) 

0¢ 01 
L L 

H x 
L H 

L L 

L L 

tpd = 1.2ns 
tpd-· = 1.35ns 
tpd + • = 1.65ns 
PD= 28.6mW 

02 03 Y2 
L L L 

x x H 

x x H 

H x H 

L H H 

M5p - FULL ADDER 

Y1 Y0 
L L 

L L 

L H 

H L 

H H 

Y2 

Y1 (2) 

Yf;f (2) 

ADDER (2) ADDER (2) 
s 
CO OR 
(2) B1' 

B2' ,__,,__ __ _, 

NOTE: CIRCLE AT 
INPUT OR OUTPUT 
INDICATE AN ACTIVE 
"Low· SIGNAL 

LOGIC EQUIVALENT 

TRUTH TABLE 

A 81 82 

L L L 

L L L 

L H x 
L x H 

L H x 
L x H 

H L L 

H L L 

H H x 
H x H 

H H x 
H x H 

tpd (A. Cl-+- S) = 1.35ns 
!pd (A-+- CO) = 1.2ns 
tpd (B1, B2-+- S) = 1.7ns 

Cl 

L 

H 

L 

L 

H 

H 

L 

H 

L 

L 

H 

H 

tpd (B1, B2, Cl-+- CO)= 1.35ns 
PD= 26mW 

s co 
L L 

H L 

H L 

H L 

L H 

L H 

H L 

L H 

L H 

L H 

H H 

H H 

s 
co 
(2) 

s (2) 

co (2) 



M51 - FULL ADDER 

_A_D_D"""E"'"R~ j;,j '" . 
s (2) 

C0(2) OR 

NOTE: CIRCLE AT INPUT OR OUTPUT 
INDICATE AN ACTIVE "LOW" SIGNAL 

LOGIC EQUIVALENT 

(3) 81 
(3) 82---..r--. ~ 

(2) A -.1---..i. 

TRUTH TABLE 

A 81 82 Cl 

H L L L 

H L L H 

H H x L 

H x H L 

H H x H 

H x H H 

L L L L 

L L L H 

L H x L 

L x H L 

L H x H 

L x H H 

tpd (A, Cl - S) = 1.35ns 
tpd (81, 82- S) = 1.7ns 
tpd (81, 02-co) = 1.2ns 
tpd (A, er- CO)= 1.4ns 
PD= 28.6mW 

s 
L 

H 

H 

H 

L 

L 

H 

L 

L 

L 

H 

H 

co 
L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

ADDER 

s (2) 

co (2) 

s (2) 

C0(2) 
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H52 - DUAL FULL ADDER 

1--------- ORI---------

LOGIC EQUIVALENT 

TRUTH TABLE 

A 81 82 Cl 

L L L L 

L L L H 

L H x L 

L x H L 

L H x H 

L x H H 

H L L L 

H L L H 

H H x L 

H x H L 

H H x H 

H x H H 

tpd (Cl - S, CO) = 1.6ns 
tpd (A - S, CO) = 2.2ns 
tpd (81, 02-s, CO)= 2.8ns 
PD= 36.4mW 

s 
L 

H 

H 

H 

L 

L 

H 

L 

L 

L 

H 

H 

s 

co 

co 
L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 



M53 - FULL ADDER & HALF ADDER 

c1·mH!ll 
TRUTH TABLES 

(2) Af,!I FA CO 
(2) Bfll• & H1 
(2) A1 HA P (2) 

A1 81 Ar/J 8!6 G 

L L L L L 

81" G (2) L L L H L 

L L H L L 

L L H H L 

LOGIC EQUIVALENT 
L H L L L 

L H L H H 

L H H L H 

L H H H H 

H L L L L 

H L L H H 

H L H L H 

H L H H H 

H H L L H 

(2) 
H H L H H 

H H H L H 

H H H H H 

tpd = 1.35 ns 
NOTE: If P and H1 outputs are both loaded, output current tpd-(80, 81 _,. P, G, H0, H1) = 1.8 ns 

is limited to 0.5 or 1.0 mA. tpd+(B0, 81-+ P, G, H0, H1) = 2.0 ns 
tpd (80, C1-+ CO) = 1.55 ns 

A1 
A2 

HALF 
ADDER S 

PD= 28.6 mW 

H54 - DUAL HALF ADDER 

p 

H 

H 

H 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H!6 H1 

H H 

L H 

L H 

H H 

H L 

L L 

L L 

H L 

H L 

L L 

L L 

H L 

H H 

L H 

L H 

H H 

co TRUTH TABLE 

A1 
A2 

01· 

HALF 
ADDER 

02· ....___,,....._ _ __, 

LOGIC EQUIVALENT 

s 
co 

A1~S A2 

01· co 
02· 
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A1 A2 

L L 

L L 

L L 

H x 
x H 

x H 

x H 

H x 
H x 

tpd = 1.2ns 
tpd" = 1.5ns 
PD= 15.6mW 

81 82 

L L 

H x 
x H 

L L 

L L 

x H 

H x 
x .H 

H x 

A!6 816 Cl co 
L L L H 

L L H H 

L H L H 

L H H L 

H L L H 

H L H L 

H H L L 

H H H L 

s co 
H L 

L H 

L H 

L H 

L H 

H H 

H H 

H H 

H H 



F· 
G• 

M55 

(3) s· 

Y = (A E9 B E9 C ffi D) • S + [E E9 (F + G)] • S 
tpd = 1.45 ns 
tpd*(F,G) = 1. 75 ns 
tpd *(B,D) = 1.95 ns 
tpd•(S) = 2.15 ns 
PD= 28.6 mW 

H57 

HALF CELL 

r~ Y(2) 
D· =====+L>-

A~ 9@ 
c y (2) 
D' 

Y = (A + B) 6l C 6l D 
tpd = 1.4ns 
tpd• (B+Y)= 1.6ns 
tpd• (D+ Y) = 1.Bns 
PD =31.2mW 

y (3) 
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M56 

(2) se ___ _., ___ _,___,,,,, 

G 

H• , . 

v = A•B•S + C•D•E•F•S 
+[G ffi (H+I)) • S 
tpd = 1.45 ns 
tpd"(F) = 1.6 ns 
tpd*(H,l,S) = 1.75 ns 
PD= 28.6 mW 

H58 

HALF CELL 

~19~Y(2) 

~19~Y(2) 

Y = (A • 8 + C) e D 
tpd = 1.25ns 
tpd• = 1.6ns 
PD= 26mW 

y (3) 



H59 

HALF CELL 

~~y c y 
D 

~~z G Z 
H 

1-----------

H~-E Z 
F Z 
G 

A~-B y 
c y 
D 

Y=A•B•C•D 
Y=A+B+C+D 
Z=E•F•G•H 
Z = E+F+G+H 
tpd = 1.2ns 
PD= 20.BmW 

H62 

HALF CELL 

s·~ c· v 
A y 

F'~ E' Z 
D Z 

1-----------

s·~ c· V 
A y 

F'~ E' Z 
D Z 

y =A $(B. C) 
z = D $(E • F) 
tpd = 1.05ns 
tpd' = 1.4ns 
PD =31.2mW 

H60 

HALF CELL 

g~~ 
~~ r~ 

1-----------

y = A • B • (C + D) 
z = G • E • (F + H) 
tpd = 1.1ns 
tpd' (Y, Z) = 1.3ns 
tpd +• (Y, Z) = 1.3ns 
tpd-'(Y, Z) = 1.5ns 
PD= 31.2mW 

H63 

HALF CELL 

~~y c y 
D 

!------------

A~-8 y 
c y 
D 

Y=A•B•C•D 
Y=A+B+C+D 
tpd = 1.2ns 
PD= 10.4mW 

NOTE: Y and Y outputs are limited to .5 or 1 
mA output current if both outputs are loaded. 
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H61 

HALF CELL Aw B -

c· ~ 
D' 

G'W H' z 
E Z 
F 

1-----------Aw B -

c· ~ 
D' 

G'W H' z 
E Z 
F 

Y = (A + B) • (C + D) 
Z = (E + F) • (G + H) 
tpd = 1.1ns 
tpd' = 1.4ns 
PD= 31.2mW 

H64 

HALF CELL 

1------------

Y = A•B•(C+D) 
tpd = 1.1 ns 
tpd'{Y) = 1.3 ns 
tpd+'(Yl = 1.3 ns 
tpd-'(Yl = 1.5 ns 
PD= 15.6 mW 

NOTE: Y and Y outputs are limited to .5 or 1 
mA output current if both outputs are loaded. 



H65 

HALF CELL 

Aw B -
c· ~ 
D· 

!-------------

Aw B -

c· ~ 
D· 

Y = (A + B) • (C + D) 
tpd = 1.1ns 
tpd• = 1.4ns 
PD= 15.6mW 

NOTE: Y and Y outputs are limited to .5 or 1 
mA output current if both outputs are loaded. 

M68 - 4 TO 1 MUX 

H66 

HALF CELL 

B"~ c· v 
A y 

1-------------1 

s·~ c· v 
A y 

y =A Ell (B. C) 
tpd = 1.05ns 
tpd• = 1.4ns 
PD= 15.6mW 

NOTE: Y and Y outputs are limited to .5 or 1 
mA output current if both outputs are loaded. 

H67 - DUAL LATCH LOGIC 
EQUIVALENT 

HALF CELL 

D -fLATcHl- ~ 
E~Q 

t----------
D -fLATcHl- Q 

E~Q 

NOTE: Q and Q outputs are limited to .5 or 1 mA 
output current if both outputs are loaded. 

TRUTH TABLE 

D E Q 

x H -
L L L 

H L H 

- =NO CHANGE 
X = DON'T CARE 
tpd = 1.2 ns 
tpd* = 1.5 ns 
!SETUP = 1.5 ns 
!HOLD= 0 ns 
PD= 26 mW 
tpw = 2.0 ns min 

H69 - DUAL 2 TO 1 MUX 

HALF CELL 

LOGIC EQUIVALENT Ai<lyux '!_ 
A1 Y 

A[<J 

A1 Y (2) 
A[<JOUX 
A2 
A3 

S1 s¢· 

S1 

TRUTH TABLES 

81 s~ y 

L L A0 

L H A1 

H L A2 

H H A3 

tpd (Y) = 1.4ns 
!pd +•(Y) = 2.1ns 
!pd - •(Y) = 1.95ns 
PD= 18.2mW 

y (2) 
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SA· 

f----------

Ar.Jyux '!_ 
A1 Y 

SA· 

LOGIC EQUIVALENT 

A¢~ 
SA· ; 

A1 

TRUTH TABLES 

SA y 

L A¢ 

H A1 

tpd = 1.05ns 
tpd• = 1.4ns 
PD= 13mW 

NOTE: Y and Y outputs are limited to .5 or 1 mA output current if 
both outputs are loaded. 



H71 

HALF CELL 

~~ 
~-Y (2) 

H72 - DUAL FULL ADDER 

HALF CELL 
ADDER 

s 
co 

s 
co 

- - - - - - - OR - -. - - - - -

ADDER 

!------------- s 
co 

~~ 
~y 

Y = AEBB®CEBD 
tpd = 1.2 ns 
tpd +* = 1.7 ns 
tpd -* = 1.8 ns 
PD:= 34.4mW 

(2) LOGIC EQUIVALENT 

co 

tpd (Cl -+ S, CO) = 1. 75 ns tpd (A -+ S, CO) = 2.2 ns 
tpd (B1, B2-+ S, CO) = 2.95 ns 
PD= 39.6 mW 

NOTE: outputs can be selected for 0, .5, or 1 mA only. 

A 81 

L L 

L L 

L H 

L x 
L H 

L x 
H L 

H L 

H H 

H x 
H H 

H x 

TRUTH TABLE 

82 Cl s co 
L L L L 

L H H L 

x L H L 

H L H L 

x H L H 

H H L H 

L L H L 

L H L H 

x L L H 

H L L H 

x H H H 

H H H H 

H73 - DUAL HALF ADDER M74 - FULL ADDER 

HALF CELL 

HALF 
ADDER S 

HALF 
ADDER 

tpd = 1.2 ns 
tpd* = 1.65 ns 
PD= 17.2 mW 

A1 

L 

L 

L 

H 

x 
x 
x 
H 

H 

co 

s 
co 

A2 

L 

L 

L 

x 
H 

H 

H 

x 
x 

LOGIC EQUIVALENT 

A~s A2 

~1· co 

TRUTH TABLE 

81 82 s co 
L L H L 

H x L H 

x H L H 

L L L H 

L L L H 

x H H H 

H x H H 

x H H H 

H x H H 
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ADDER (2) ADDER (2) 

NOTE: CIRCLE AT 
INPUT OR OUTPUT 
INDICATE AN ACTIVE 

"LOW" SIGNAL 

TRUTH TABLE 

A 81 82 Cl 

L L L L 

L L L H 

L H x L 

L x H L 

L H x H 

L x H H 

H L L L 

H L L H 

H H x L 

H x H L 

H H x H 

H x H H 

s 
CO OR 
(2) 

s 
co 
(2) 

LOGIC EQUIVALENT 

s 
L 

H 

H 

H 

L 

L 

H 

L 

L 

L 

H 

H 

co 
L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

s 

co 

tpd (A, Cl-+ S) = 1.35 ns 
tpd (A-+ CO)= 1.2 ns 
PD= 28.5 mW 
tpd (B1, B2-+ S) = 1.85 ns 
tpd (B1, B2, Cl-+ CO) = 1.5 ns 



H75 M76 H77 

y 

y (2) 

v EE> 
y Ee 

(4) 

y 

L----Jr--......,.,,__ y y (2) 

y (2) 

v = A·s + c-i> + F·E·G 
!pd (Y) = 1.35 ns 

v = A•B + coi5 + E•F•G + H·i + J. 
K+L•M•N 

y = C•A•B + D•A•B + E•A•B 
tpd(Y) = 1.0 ns 

tpd'(Y) = 1.7 ns 
tpd-(Y) = 1.35 ns 
tpd+(Y) = 1.5 ns 
tpd-'(Y) = 1.7 ns 
tpd+*(Y) = 1.9 ns 
PD= 31.2 mW 

tpd-'(Y) = 1.5 ns 
tpd+'(Y) = 1.7 ns 
PD= 31.2mW 

H78 - DUAL D F/F 

HALF CELL 

~ 
c1e a 
c2e 

R 

I--------

D 

R 

LOGIC EQUIVALENT 

tsETUP(D) = 1.5 ns 
IHOLD(D) = 0 ns 

a 
a 

tpw (C1, C2) = 2.0 ns min 

tpw+ (R) = 2.5 ns min 
for C1 + C2 = "H" 
tpw+ (Rand C1/C2 tied 
together) = 3.85 ns min 

TRUTH TABLE 

A D c a 
L x H -
L x L -

L L L~H L 

L H L~H H 

H x H L 

H x L -
H L L-->H L 

H H L-->H J\_ 

Q output cannot be selected for 2 mA 
- = No Change X = Don't Care 
L = "Low", H = "High" 
L-->H = Low to High Transition 
C = C1 + C2 tpd' = 1.65ns 
!pd (R --> a.Ci) = 3.5 ns PD = 52.8 mW 

70 

!pd (Y) = 1.1 ns 
lpd-(Y) = 1.7 ns 
tpd+(VJ = 1.55 ns 
tpd-'(VJ = 1.9 ns 
!pd+ '(VJ = 2.1 ns 

tpd-(VJ = 1.1ns 
tpd+(VJ = 1.3 ns 
PD= 30mW 
tpd'(Y) = 1.55 ns 
tpd - '(VJ = 1.65 ns 
tpd +'(VJ = 1.85 ns 

M79 - 1/4 DECODER (LOW) 

LOGIC EQUIVALENT O Y0(2) 
A'4 Y1 (2) 

A1 Y2 (2) 
EE> Y3 (2) 

TRUTH TABLE 

E A1 A0 Y!21 

L x x 
H L L 

H L H 

H H L 

H H H 

tpd = 1.3 ns 
tpd+' = 1.85 ns 
tpd-' = 2.05 ns 
PD= 15.5mW 

H 

L 

H 

H 

H 

Y1 

H 

H 

L 

H 

H 

Y'4 (2) 

Y1 (2) 

Y2 (2) 

Y3 (2) 

A1 M 

Y2 Y3 

H H 

H H 

H H 

L H 

H L 



M80 - 4 TO 1 MUX W/E 

LOGIC EQUIVALENT 
A ¢-----<:r--.._ 

51 S(6® 

y (2) 

H81 - DUAL D F/F WITH DIFF, CLOCK AND DATA 

LOGIC EQUIVALENT 

tpw (C) = 2.0 ns min tpd* = 1.5 ns 
tSETUP(D) = 1.5 ns tHOLD(D) = 0 ns 
PD= 52 mW (for 2-H81's) 
tpd (R1 --> Q, Q) = 3.5 ns tpd (R2--> Q, Q) = 2.0 ns 
D = "H" means D+ = Hand D- = L 
D = "L" means D + = L and D- = H 
C = "H" means C+ = Hand C- = L 
C = "L" meansC+ =Land C- = H 
tpw + (R1 or R2) = 2.5 ns min 

M 
A1 

A2 

A3 

H82 - DUAL D F/F WITH ASYNCHRONOUS SET AND RESET 

LOGIC EQUIVALENT 

MUX 

y (2) 

51 S(,l®f:E> 

HALF CELL 

F-F 

R1 R2 

F-F 

R1 R2 

HALF CELL (2) S 

MACRO 1/0 ORDERING FOR SIMULATION 

HB2 
QB Q 
C1 C2 D R S 

tpd* = 1.7 ns 
tpd (R, S--> a, Q) = 3.7 ns, 2.2 ns for C = "L" 
tSETUP(D) = 1.5 ns 
tHOLD(D) = 0 ns 
PD= 46.8 mW 
tpw (C1, C2) = 2.0 ns min 
tpw (R, S) = 2.5 ns min 
tpw + (R/S and C1/C2 tied together) = 4 ns min 
NOTE: Outputs can be selected for 0.5 or 1.0 mA only; however, 

Q can be selected for 2.0 mA If Q is 0 mA. 

D 

F-F 

(2) 
R 

(2) s 

D 

F-F 

c 

(2) R 
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a 

a 

Q 

Q 

E 

H 

L 

L 

L 

L 

R1 

L 

L 

L 

L 

H 

H 

x 
L 

H 

x 
H 

L 

TRUTH TABLE 

51 S'1 
x x 
L L 

L H 

H L 

H H 

tpd = 1.5 ns 
tpd*(E) = 1.75 ns 
tpd*(S0) = 2.1 ns 
PD= 28.5 mW 

TRUTH TABLE 

R2 D c 
L x H 

L x L 

L L L--+ H 

L H L--+ H 

x x H 

L x L 

H x L 

H x H 

H H L--+ H 

x L L--+ H 

L H L--+ H 

H H L--+ H 

- =NO CHANGE 
X = DON'T CARE 
L =LOW 
H =HIGH 

y 

L 

A" 

A1 

A2 

A3 

an+1 

-
-
L 

H 

L 

-
L 

-
J\_ 

L 

J\... 
__/ 

L--+ H = LOW TO HIGH TRANSITION 

TRUTH TABLE 

R s D 

L L x 
L L x 
L L L 

L L H 

H L x 
L H x 
H H x 
H L H 

H L L 

L H L 

L H H 

- =NO CHANGE 
X = DON'T CARE 
L =LOW 
H =HIGH 

c 
H 

L 

L-H 

L-H 

x 
x 
x 

L-H 

L-H 

L-H 

L-H 

Qn+1 

-
-

L 

H 

L 

H 

N.D. 

:::T\_ 

L 

~ 

H 

L-H = LOW TO HIGH TRANSITION 
N.D. =NOT DEFINED (INDETERMINATE) 
C = C1 + C2 



Interface Cells 
NOTES: Values given for prop. delay tpd, are max. for 1 mA or 1.5 mA output follower current driving a fan-out of 
1. Values given for power dissipation, PD, are typical for unloaded outputs. Output follower current can be selected 
for O, 0.5, 1 or 1.5 mA (except the Q output of 113 and 114 where 0, 0.8, 1, or 1.8 mA can be selected). All inputs 
including *Inputs can be connected to input package pins. 

1,01, T01 

Y=A+B 
Z=C+D 
tpd = 1.05ns 
PD= 10.4mW 

105, T05 

Y=A+B 
Z=C+D 
tpd = 1.2ns 
tpd• = 1.4ns 
PD= 18.2mW 

109, T09 

Y=A•B+A•C 
tpd=1.1ns 
tpd.(Y) = 1.2ns 
tpd.(Y) = 1.4ns 
PD= 10.4mW 

Y=A•B 
Z=C•D 

102, T02 

tpd = 1.05ns 
PD= 10.4mW 

106, T06 

c·E A y 
B 

z 

Y=A+B+C 
Z=A+B+C 
tpd = .95ns 
tpd•(Z) = 1.4ns 
tpd + ·(Y) = 1.25ns 
tpd -·(Y) = 1.55ns 
PD= 10.4mW 

110, T10 

Y=A•B+A•C 
tpd=1.1ns 
tpd.(Y) = 1.2ns 
tpd.(Y) = 1.4ns 
PD= 10.4mW 
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103, T03 

~.:::[)-v 
g.::[)-z 

Y=A•B 
Z=C•D 
tpd = 1.2ns 
tpd• = 1.4ns 
PD= 18.2mW 

107, T07 

A y c·~· 
B 

Y=A•B+C 
Z=A•B+C 
tpd = .95ns 
tpd • (Z) = 1.4ns 
tpd +•(Y) = 1.25ns 
tpd -·(Y) = 1.55ns 
PD= 10.4mW 

z 

104, T04 

~::[)>-v 
g.D-z 

Y=A+B 
Z=C+5 
tpd = 1.2ns 
tpd• = 1.4ns 
PD= 18.2mW 

108, T08 

B y A~-
c y 

Y=A•B•C 
tpd = 1.05ns 
PD= 5.2mW 

111, T11 

y =A Ell (B. C) 
tpd = 1.05ns 
tpd• = 1.4ns 
PD= 10.4mW 



112, T12- 2 TO 1 MUX 

m y 

s1· v 
s2· 

LOGIC EQUIVALENT 

TRUTH TABLE 

82 81 

L L 

' - H 

H L 

H H 

tpd = 1.05ns 
tpd' = 1.4ns 
PD= 10.4mW 

y 

A1 

Af<I 

Al) 

Al) 

115 - AND GATE 

(LOCATIONS 10, 20, 30, 40, 50. 
60, 70, AND 80 ONLY) 

A =r=EY1 Y2 
B'. Y3 

Y1 = Y2 = Y3 = A • B 
tpd = 1.3ns 
tpd• = 1.5ns 
PD= 10.4mW 
Y2 OUTPUT CAN BE SELECTED 
FOR OmA ONLY. 

113, T13 - LATCH 

LOGIC EQUIVALENT 

TRUTH TABLE 

E1 E2 Q 

L L D 

x H -

H x -

- =NO CHANGE 
tpd = 1.2 ns 
tpd - • = 1.5 ns 
tpd+* = 1.7 ns 
!SETUP = 1.5 ns 
!HOLD= 0 ns 
PD= 15.6 mW 
lpw = 2.0 ns min 

116 - AND GATE 

(LOCATIONS 10, 20, 30, 40, 50, 
60, 70, AND 80 ONLY) 

A~-B y 
c· Y 

Y=A•B•C 
!pd= 1.05ns 
tpd• = 1.5ns 
PD= 10.4mW 
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114, T14- LATCH 

LOGIC EQUIVALENT 

-
E1• g 
E2• 

TRUTH TABLE 

E1 E2 Q 

L L -

)( H D 

H x D 

- =NO CHANGE 
tpd = 1.2 ns 
tpd-* = 1.5 ns 
tpd+* = 1.7 ns 
!SETUP = 1.5 ns 
tHOLD = 0 ns 
PD= 15.6 mW 
lpw = 2.0 ns min 

120, T20 - DUAL DIFFERENTIAL 
LINE RECEIVER 

AP AM 

L L 

L H 

H L 

H H 

AP·~y 

AM·~ 

BP"~z 
BM"~ 

TRUTH TABLES 

y BP BM 

x L L 

L L H 

H H L 

x H H 

X = UNDEFINED 

z 
x 
L 

H 

x 

!pd* = 1.4 ns WITH 800 mV SWING ON 1 INPUT 
PD= 26 mW 

NOTES: 
1. Choice of ouput follower current is 1 ma only. 
2. Input voltage range is 0 to - 2 volts on the 

most positive input. The voltage range on the 
most negative input is 0 to VEE· 

3. Differential input voltage ;;. 200 mV. 



Output Cells 
NOTES: Values given for power dissipation, PD, are typical with unloaded outputs. Propagation delay for the Y 
output is specified when driving 50 .n (25 .n for macro 024 or 025) to - 2 volts. The Y1 output can only drive internal 
loads selected with an output follower current of 0, 1, or 2 mA. Number in ( ) indicate fan-in other than 1 . All inputs 
including *Inputs can be connected to input package pins. The Y output in the cell is a collector output that connects 
to an output emitter follower near the bonding· pad. The output rise and fall times are specified at 1 ns minimum and 
4 ns maximum (20 to 80%) for all output cell macros when driving 50 ohms (25 ohms for 024 and 025) to - 2 volts. 

001, G01 002, G02 003, G03 004, G04 005, G05 006, G06 

A• A• A• A' (3)A:L::):v (3)A y 
(3)8~~1 (3)8:[5[)=~1 (3)8~~1 (3)8~~1 (3) 8 v'1 (3) 0=r=:t:v1 
(3)C (3)C (3)C (3)C (3) c (3) c 

Y=Y1 =A•8+A•C y = Y1 = A•B+A•C Y = Y1 =A+ Ei+A•C Y = Y1 =A+ B• C Y = Y1 =A+ B +C v = v1 = A•B•C 
tpd+(Y, Y1) = 3.1 ns tpd+(Y, Y1) = 3.1 ns tpd+(Y, Y1) = 3.1 ns tpd+(Y, Y1) = 3.1 ns tpd+(Y, Y1) = 3.1 ns tpd+(Y, Y1) = 3.1 ns 
tpd+*(Y, Y1) = 3.6 ns tpd + *(Y, Y1) = 3.6 ns tpd+*(Y, Y1) = 3.6 ns tpd+*(Y, Y1) = 3.6 ns tpd-(Y, Y1) = 2.8 ns tpd-(Y, Y1) = 2.8 ns 
tpd-(Y, Y1) = 2.75 ns tpd-(Y, Y1) = 2.75 ns tpd-(Y, Y1) = 2.75 ns tpd - (Y, Y1) = 2.75 ns FOR Y NOT USED FOR Y NOT USED 
tpd-*(Y, Y1) = 3.4 ns tpd-*(Y, Y1) = 3.4 ns tpd-*(Y, Y1) = 3.4 ns tpd-*(Y, Y1) = 3.4 ns tpd (Y1) = 1.7 ns tpd (Y1) = 1.7 ns 
FOR Y NOT USED FOR Y NOT USED FOR Y NOT USED FOR Y NOT USED PD= 18.2 mW PD= 18.2 mW 
tpd (Y1) = 1.9 ns tpd (Y1) = 1.9 ns tpd (Y1) = 1.9 ns tpd (Y1) = 1.9 ns 
tpd*(Y1) = 2.4 ns tpd*(Y1) = 2.4 ns tpd*(Y1) = 2.4 ns tpd*(Y1) = 2.4 ns 
PD= 28.6 mW PD= 28.6 mW PD= 28.6 mW PD= 28.6 mW 

007, G07 008, G08 009, G09 010, G10 011, G11 

(3)A~y 
(3)8 Y1 

c· 

(3) A 
(3)8~y 
c·~Y1 

e· (3)A~y c· Y1 
(3)~y (3)A~ 
8' Y1 9· v 
c· (4)C'~ Y1 

y = Y1 =A. B. c 
tpd (Y, Y1) = 3ns 
tpd*(Y, Y1) = 3.6ns 

Y = Y1 = A+B+C 
tpd (Y, Y1) = 3ns 
tpd*(Y, Y1) = 3.6ns 

FOR Y NOT USED 
tpd (Y1) = 1.6ns 
tpd'(Y1) = 2.2ns 

PD =28.6mW 

FOR Y NOT USED 
!pd (Y1) = 1.6ns 
tpd'(Y1) = 2.2ns 

PD =28.6mW 

012, G12 - 2 TO 1 MUX 

(3)A'/J~ux v 
(3) A1 Y1 

s· 

LOGIC EQUIVALENT 

(3)A~y 
s· Y1 

(3) A1 

TRUTH TABLE 

~ 
Y = Y1 
tpd (Y, Y1) = 3.0ns 
tpd'(Y, Y1) = 3.6ns 

FOR Y NOT USED 
!pd (Y1) = 1.6ns 
tpd'(Y1) = 2.2ns 

PD =28.6mW 

y = Y1 = A Ell (B • C) Y = Y1 = A 61 (B + C) Y = Y1 = (A Ell B) • C 
tpd (Y, Y1) = 3ns tpd (Y, Y1) = 3ns tpd (Y, Y1) = 3.1ns 
tpd'(Y, Y1) = 3.6ns tpd'(Y, Y1) = 3.6ns tpd'(Y, Y1) = 3.7ns 

FOR Y NOT USED FOR Y NOT USED FOR Y NOT USED 
tpd (Y1) = 1.6ns tpd (Y1) = 1.6ns tpd (Y1) = 1.7ns 
tpd'(Y1) = 2.2ns tpd'(Y1) = 2.2ns tpd'(Y1) = 2.3ns 

PD =28.6mW PD =28.6mW PD= 28.6mW 

013, G13-2 TO 1 MUX W/E 014, G14- LATCH 

(3) A!l::fMUxl::Y 
(3)A1 n..i Y1 

s· E'(4) 

LOGIC EQUIVALENT 

(3)AIJ~ s· v 
(4) E· Y1 
(3) A1 

TRUTH TABLE 

E s y 

H x L 

L L 

L H A1 

Y = Y1 
tpd (Y, Y1) = 3.1ns 
tpd'(Y, Y1) = 3.7ns 

FOR Y NOT USED 
tpd (Y1) = 1.7ns 
tpd'(Y1) = 2.3ns 

PD =28.6mW 
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(3)D~ATCH Y 
E1' 
E2' Y1 

LOGIC EQUIVALENT 

E1·~~~1 
E2'~ 

TRUTH TABLE 

E1 

L 

x 
H 

- =NO CHANGE 
Y = Y1 
tpd (Y, Y1) = 3.3 ns 
tpd* (Y, Y1) = 3.8 ns 
FOR Y NOT USED 
tpd (Y1) = 1.8 ns 
tpd* (Y1) = 2.4 ns 
tpw = 2.5 ns min 

E2 y 

L 

H D 

x D 

tpw = 2.5 ns min 

tSETUP(D) = 2.0 ns 
tHOLD(D) = 0 ns 
PD= 33.8 mW 



015, G15 - LATCH 

E1' (3~D LATCH Y 

E2' Y1 

LOGIC EQUIVALENT 

TRUTH TABLE 

E1 E2 y 

L L -
x H D 

H x D 

- =NO CHANGE 
Y = Y1 
tpd (Y, Y1) = 3.3 ns 
tpd* (Y, Y1) = 3.8 ns 

FOR Y NOT USED 
tpd (Y1) = 1.8 ns 
tpd* (Y1) = 2.4 ns 
tpw = 2.5 ns min 

tSETUP(D) = 2.0 ns 
tHOLD(D) = 0 ns 
PD= 33.8mW 

018, G18 - DRIVER (OR) 

(2)A':[)--
(2) s· Y 

Y = A+B 
tpd+ = 3.5 ns 
tpd- = 2.3 ns 
PD= 43.2mW 
VoL MAX = -1.95 V 

021, G21 - OR/AND GATE 

(3~A y 
B' Y1 
c· 

Y = Y1 = A• B+A • C 
tpd +{Y, Y1) = 3.1 ns 
tpd+'{Y, Y1) = 3.6 ns 
tpd-(Y, Y1) = 2.75 ns 
tpd-*{Y, Y1) = 3.4 ns 

FOR Y NOT USED 
tpd (Y1) = 1.9 ns 
tpd*{Y1) = 2.4 ns 
PD= 28.6mW 

016, G16-TRANSCEIVER 

(2) A':[)--
(2) B' Y (DRIVER) 

z~C(3) 
(RECEIVE~ D (3) 

Y=A+B 
Z=C+D 
tpdZ=1.7ns 
tpd + (Y) = 3.5 ns 
tpd-(Y) = 2.3 ns 
PD= 61.4 mW 

Z WILL DRIVE ONLY INTERNAL LOADS 
VOL MAX = -1.95 V AT Y OUTPUT 

019, G19- DRIVER (NOR) 

(2) A' __,---..... 
(2)B'~y 

Y = A•B 
tpd+ = 3.5 ns 
tpd- = 2.3 ns 
PD= 43.2mW 
VOL MAX= -1.95 V 

024, G24 - 25 fi OR DRIVER 

(2)A' ::[)-
(2) B' y 

Y = A+B 
Y WILL DRIVE 25 OHMS TO -2 VOLTS 
tpd+ = 3.8 ns 
tpd- = 3.0 ns 
PD= 61.4mW 
VOL MAX= -1.95 V 

75 

017, G17 - TRANSCEIVER 

(2) A'~ Y (DRIVER) 
(2)8'~ 

_____fl:>- c (3) 

(RECEl~ER}-J>- D (3) 

Y = A•B 
z = C•D 
tpdZ = 1.7ns 
tpd + (Y) = 3.5 ns 
tpd- (Y) = 2.3 ns 
PD= 61.4mW 
Z WILL DRIVE ONLY INTERNAL LOADS 
VOL MAX= -1.95 VAT Y OUTPUT 

020, G20 - 4 INPUT OR GATE 

(3)Auv 
(3) B 
(3) C Y1 
(3) D 

Y = Y1 = A+B+C+D 
tpd+(Y, Y1) = 3.2 ns 
tpd-(Y, Y1) = 2.9 ns 

FOR Y NOT USED 
tpd (Y1) = 1.8 ns 
PD= 18.2 mW 

025, G25 - 25 fi NOR DRIVER 

(2)A·~ 
(2)B·~Y 

Y = A•B 
Y WILL DRIVE 25 OHMS TO -2 VOLTS 
tpd+ = 3.8 ns 
tpd- = 3.0 ns 
PD= 61.4 mW 
VOL MAX= -1.95 V 



MECL Related Literature - For Copies of MECL Literature, Contact a Motorola Sales Office or Authorized Distributor. 

Application Notes 
AN-4178 IC Crystal Controlled Oscillators 
Crystal controlled squarewave oscillators can be used as clock driv­
ers, harmonic sources for frequency markers, in frequency synthesiz­
ers, frequency comparators, etc. It is difficult to obtain high frequency 
squarewaves due to the long propagation delays of the most inte­
grated circuits. The MECL 10,000 circuits with 2ns propagation delays 
eliminate this problem. This note describes squarewave oscillator 
circuits with crystal control that are capable of output frequencies, 
inverted and noninverted, up to 200 MHz. 

AN-556 Interconnection Techniques for Motorola's MECL 
10,000 Series Emitter Coupled Logic 

This application note describes some of the characteristics of high­
speed digital signal lines and gives wiring rules for MECL 10,000 
emitter coupled logic. The note includes discussions of printed circuit 
board interconnects, board-to-board interconnects, and wirewrapping 
techniques. 

AN-567 MECL Positive and Negative Logic 
Eight positive or negative logic assignments may prove convenient to 
the MECL system designer. This note describes the equivalences 
between the two approaches and provides guides for converting 
between them. 

AN-579 Testing MECL 10,000 Integrated Logic Circuits 
Circuit testing techniques become increasingly important as circuit 
speeds approach and exceed the 2ns range. With MECL 10,000 and 
MECL Ill circuits, it is possible to exploit their 50-ohm output drive 
capability to obtain highly accurate test data. This application note 
describes techniques for testing MECL 10,000 circuits for laboratory 
evaluation, and discusses key parameters which should be measured 
during incoming inspection rapid testing. 

AN-592 AC Noise Immunity of MECL 10,000 Integrated Circuits 
This application note discusses AC noise immunity as it relates to 
MECL systems. Test circuits for measuring AC noise immunity are 
shown, and results to be expected for typical MECL 10,000 circuits are 
presented. 

AN-700 Simulate MECL System Interconnections With A 
Computer Program 

Circuit interconnections are an important part of system design when 
using high-speed logic circuits. The design of interconnecting paths 
affects both system speed and system accuracy. This application note 
describes the use of a computer program to simulate interconnections 
for high-speed digital systems. 

AN-701 Understanding MECL 10,000 DC and AC Data Sheet 
Specifications 

The DC and AC specifications for emitter-coupled logic are somewhat 
different than those for saturated logic. This application note describes 
the specifications found on a MECL 10,000 data sheet and provides 
information for understanding these specifications for persons un­
familiar with emitter-coupled logic. 

AN-720 Interfacing with MECL 10,000 
This article describes some of the MECL circuits used to interface with 
signals not meeting MECL input or output requirements. The charac­
teristics of these circuits, such as: input impedance, output drive, gain, 
and bandwidth allow the system designer to use these parts to op­
timize his system. MECL interface circuits overcome a problem area 
of many system designs, which is the efficient coupling on noncompat­
ible signals. 

AN-726 Bussing with MECL 10,000 Integrated Circuits 
High-speed data bus lines are an important part of modern computer 
systems. Features of the MECL 10,000 family allow construction of 
data busses in a transmission line environment. This application note 
describes some of the guidelines to consider when designing high­
speed bus lines and shows how the MC10123 can be used for 
maximum bus performance. 

AN-730 A High Speed FIFO Memory Using the MECL 
MC10143 Register File 

First in/first out memories are commonly used to store information in 
digital processing systems. However, these memories can also be 
designed to interface subsystems operating asynchronously or at 
different data rates. This application note describes a high-speed first 
in/first out memory design based on the MECL MC10143 8 x 2 
Multiport Register File. 

AN-774 A Simple High-Speed Bipolar Microprocessor 

AN-776 The M10800 MECL LSI Processor Family 

AN-792 M10800 MECL LSI Circuits are Designed for High­
Performance Microprogrammed Processors. 

AN-874 Macrocell Arrays: Concept - Features - Cad Inter-
face 

High technology array-based products offer the advantages of cus­
tom LSI circuits, yet overcome the problems of high costs and long 
design cycles. Recent developments in Array technology make use 
of Macrocell building blocks rather than primitive gates for easier 
design and higher performance. Additional developments in com­
puter-aided-design customer interface systems simplify the job of 
developing Array circuit options. This note examines Motorola's Ma­
crocell Array concept with special emphasis on the CAD user inter­
face. 

AR108 Macrocell Arrays - An Alternative To Custom LSI 

AR-110 Remote CAD System Helps Designeers Develop cus­
tom VLSI Chips 

The MECL System Design Handbook, Revised Edition 
This handbook contains over 200 illustrations providing circuit and 

waveform diagrams, as well as numerical data. An appendix lists 
examples of hardware available for use with MECL systems. 

This fourth edition is the compilation of a decade of knowledge 
gained through designing high-speed circuitry and assisting design-

ers with its application. Wiring rules and system techniques are cov­
ered for MECL Ill, and the popular, low-power, high-speed MECL 
10,000 and 10KH families. 

Comprised of eight chapters, the handbook has 253 pages. 

HB205R1 

NEW MECL Device Data Book - MECL High-Speed Integrated Circuits 
Series devices. Overviews of the phase-locked loop functions, MECL 
memories, and arrays are included in this 458 page book. 

This Data Book provides family and systems characteristics for 
the MECL family of digital integrated circuits, as well as compre­
hensive specifications for the MECL 10,000, 1 OKH, and MECL 111 DL122R1 

MECL M10800 and M10900 FAMILY DATA SHEETS ARE AVAILABLE 
MECL Reliability Reports - Available Upon Special Request. 
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