
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































VOLTAGE-CONTROLLED 
MUL TIVIBRATOR 

vcx 

Bias Filter 12 

Input Filter 13 

MC1658 

1~X1 ~~ CX~4 
" 

Vee1 = P n 1 
VCC2 ~ P n 5 

VEE = P n8 

a 

Q 

6 

4 

MECL III MC1600 series 

Th, MC 1658 is a voltage-controlled multivibrator which 
provides appropriate level sh ifting to produce an output 
compatible with MECL III 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 

a 4 6 a 

Vcx 2 

1 k 

Cx 110----+---...... ---+ 

Input Filter 130----+----+ ...... -+-+----1-----+-i 

500 600 

S •• General I nformation Section for packaglno. 

62 

8 
VEE 

4-26 

1000 

12 Bias Filter 

+----...... ---+-014 Cx 

250 

125 

500 250 
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ELECTRICAL CHARACTERISTICS 

This MECL III circuit has been designed to 
meet the de 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 
500 linear fpm is maintained. Outputs are 
terminated through a 50-ohm resistor to 
-2.0 volts. 

Vcx 

Bias Filter 12 

Input Filter 13 

ex 1 C X2 
11 <>1t-Q 14 

Q 

Q 

6 

4 

Pin MC1658 T.t Limits 

Under -3O"c +2SoC 

Ch.racteristic Symbol Test Min M .. Min Ty. Mo. 

Power Supply Orain Current 'E 8· 32 
8·· 32 

Input Current linH 2· 350 

I nput Leakage Current linL 2· 0.5 

"0" High VOH 4· -1.045 -0.875 -0.960 -0.810 
Output Voltage S·· -1.045 -0.875 -0.960 -0.810 

"0" Low VOL 4· -1.890 -1.650 -1.850 -1.620 
OutPUt VOltage S·· -1.890 -1.650 -1.850 -1.S20 

AC Charecteristics (Figure 2) 

(Tests shown for one output, but 
checked on both) 

Rise Time (10% to 90%) t+ 2.7 1.S 2.7 

Fall Time (10% to 90%) t- 2.7 1.' 2.7 

Oscillator Frequency foscl 130 130 155 175 

fosc2 78 90 100 

Tuning Ratio Test t TR 3.1 4.5 

·Germaruum dIode (0.4 drop) forward bIased from 11 to 14 (11 ~ 14). 
• -Germanium diode (0.4 drop) forward bUlSed from 14 to 11 (11 ---+t---- 141. 

tTR '" Output frequency at V!;;X '" Gnd 
OutPut frequency at VCX -2.0 V 

-L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

-P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

~ 
F SUFFIX 

CERAMIC PACKAGE 

CASE 6S0 

TEST VOLTAGE VALUES 

Vdc±'% 
(@I Test 

I VEE Temperature V,H V,L V3 VIHA 

-3O"c 0.0 -2.0 -1.0 +2.0 -S.2 

+25oC 0.0 -2.0 -1.0 +2.0 -S.2 

+85oC 0.0 -2.0 -1.0 +2.0 I -5.2 

VOL T AGE APPLIED TO PINS LISTED BELOW: 
+8SoC 1Vcel 

Min Mo. Unit V,H V,L V3 VIHA VEE Gnd 

mAde 2 1,5 
mAde 1,5 

.uAdc 1,5 

.uAdc 1,5 

-0.890 -0.700 Vdc 8 1,5 
-0.890 -0.700 VOC 8 1,5 

-1.830 -1.575 Vdc 1,5 
-1.830 -1.575 Vdc 1,5 

VEE VCC 
CXl CX2 Gnd -3.2 V +2.0 V 

3.0 11,14 1,15 
3.0 11.14 1.15 

110 MHz 11.14 1,5 

MHz 11.14 1,5 

11,14 1,5 

C1 = O.OlI-6F connected from pin 12 to Gnd . 
C2 = 0.1)01 "F connected from pin 13 to Gnd. 

CX1'" 10pF connected from pin 11 to pin 14. 
CX2 '" 5 pF connected from pin 11 to pin 14. 

s: n 
~ 

8l 
CO 

n o 
::l 
~, 
::l 
C 
ct> 
Q. 



MC1658 (continued) 

a 

FIGURE 2 - AC TEST CIRCUIT AND WAVEFORMS 

Input 
Filter 

Vee 
+2.0 Vdc 

Coax iei Cables 
'---"t----o---! vex (Equal lengths, typ 2 places) 

To Scope 

ex 

*O.I"F 
-3.2 Vdc 

VEE 

4-28 

50-ohm 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 TPin to input 
pin and TP out to output pin. 



MC1658 (continued) 
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FIGURE 3 - OUTPUT FREQUENCY varsus CAPACITANCE FOR 
VARIOUS VALUES OF INPUT VOLTAGE 

1000 

150 MHz @ 5.0 pF 

1111111 1 
75 MHz @ 5.0 pF 100 

35 MHz @ 5.0 pF 

10,000 

Z 
0 
i= 
< :;; 1000 w_ 
o N 

FIGURE 4 - RMS NOISE O.EVIATION 
versus OPERATING FREQUENCY 

Vee'" +5.2 Vdc 
VEE' 0,0 Vde 

~ 10 
>-! 
u'" z::; w 

::> 
Cl 
w 
II: 
IL 

-

1.0 

=== 

1 o. 
1.0 

Vcx o Vdc 
~a: 100 
Cl 
w 

U~lx .lllJv de /i\ 
a: 
IL 

'Z. DC CONTROL INPUT' 4.0 Vde 
III I I 11111~_LLUl 

10 

10 L 
0.1 1.0 10 

VIC~ "Ifi~ Vdt 1""-
11111111 

f. OPERATING FREQUENCY (MHz) 

" 100 1000 10,000 

CX(PICOFARODS) 

... 
U 
:;:J 
o 
o 
a: 
Q. 

w 
U 
Z 
< ... 
U 
< 
Q. 

< 
~ 
>­
U 
Z 
w 
:;:J 
a 
w 
a: 
IL 

x 
u 
• 

1500 

1400 

1300 

1200 

1100 

1000 

900 

800 

700 

600 

500 

400 

300 

FIGURE 5 - FREQUENCY·CAPACITANCE PROOUCT varsus 
CONTROL VOLTAGE (VCXI 

CX(pf) = Frequency-Capacitance Product at Desired Vex _ ..,.L. 
Desired Frequency (MHz) 

/' --/ 

7' 
/ -.- --- _.-

./ 
/' 

L 
./ 

f-"'" 

-2.0 -1.8 -1.6 -1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2 o 

Vcx, INPUT VOLTAGE (Vde) 
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DUAL 4-INPUT GATE 

MC1660 

POSITIVE LOGIC 

::: :§=ti=: X 3 (7) 
C y 

(10) 6 2 (6) 
o 

(11) 7 

(14) 10§=x= 
(1S) " 14 (2) 

(16) 12 1S (3) 

(1) 13 

NEGATIVE LOGIC 

(8)4~A B X 
(9) S 3 (7) 

(10) 6 c y 2 (6) 

(11) 7 0 

(14) 10§=x= 
(1S) 11 14 (2) 

(16) 12 1S (3) 

(1) 13 

X=A+B+C+D 
Y =A + B + C + D 

X=A_S_C_O 

Y=A-S-C_O 

MECL III MC1600 series 

MC1660 provides simultaneous OR-NOR or AND­
NAN D output functions with the capability of driving 
50-ohm lines_ These devices contain an internal bias 
reference voltage insuring that the threshold point is 
always in the center of the transition region over the 
temperature range (-300 to +850 C)_ The input pulldown 
resistors eliminate the need to tie unused inputs to VEE. 

tpd'" 0.9 ns typ 15l0-ohm load) 

== 1.1 ns typ ( 50-ohm load) 

Po = 120 mW typ/pkg (No load) 

Full Load Current, I L -= -25 mAde ma)( 

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

(6) 

OR 2 o---I--~~ 

NOR 

4 
(8) 

5 
(9) 

6 
(10) 

so 
k 

7 
(11) 

so 

CIRCUIT SCHEMATIC 

VCC2 

(4) (S) 

16 

8 
(12) 

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 I nformation section for packaging. 

4-30 

so 

10 
(14) 

11 
(1S) 

(3) 

----+-----<D 1S OR 

12 
(16) 

13 
(1) 

NOR 



MC1660 (continued) 

ELECTRICAL CHARACTERISTICS 

This MECL I" circuit has been designed to 
meet the de specifications shown in the 
test table, after thermal equilibrium has 
been established. Air flow greater than 500 

'§=t= 

linear fpm should be maintained while the 
9 7 circuit is either in a test socket or is 

mounted on a printed circuit board. Test 10 6 
procedures are shown for only one input 11 
and one output. The other inputs and 
outputs are tested in a similar manner. 

14§=t= 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. 

1 CASE 650 

TEST VOLTAGE VALUES 

(Volts) 

@T ... 
Temperature VIHm.x VILmin VIHAmin VILAmex VEE 

_30oe -0.875 -1.890 -1.180 -1.515 -5.2 

+25oC -0.810 -1.850 -1.095 -1.485 -5.2 

+8SoC -0.700 -1.830 -1.025 -1.440 -5.2 

Pm MC1660F Test limits TEST VOLTAGE APPLIED TO 

Un ..... _30°C +25oC +ssoC PINS liSTED BELOW: fVccl 
Chliracteristic Svmbol Toot Min Max Min Mox Min Mox Unit VIHm .. Vilmin VIHAmin VIlAm8x VEE Gnd 

Power SupplV Drain Current 'E 12 28 mAde 12 4 •• 

Input Current linH 3SO /.lAde 12 4,. 

linL 0 .• JlAde 12 4 .• 

NOR logic "1 . Output VohaQe VOH -1.045 -0.875 -0.960 -0810 -0.890 -0.700 Vd, 8 12 4 .• 

j j j j j j j • j j 10 
11 

NOR Logic "0" Output Voltage VOL -1.890 -1.650 -1.850 -1.620 -1.830 -1.575 Vd, 8 12 4 .• 

j I j j ~ j j • j j 10 
11 

OR logic "'" Output Voltage VOH 6 -1.045 -0.875 -0.960 -0.810 -0.890 -0.700 Vd, 8 12 4,. 

j j I j l j j j • j I 10 
11 

OR logic "0" Output Voltage VOL 6 -1.890 -1.650 -1.850 -1.620 -1.830 -1.575 Vd, 12 4 •• 

j j ! j I j j j 10 j j 
11 

NOR Logic ''1'' VOHA 7 -1.065 -0.980 -0.910 Vd, 12 4.5 
Threshold Voltage I ! j j I j I 10 

11 

NOR Logic "0" VOLA 7 -1.630 -1.600 -1.555 Vd, 12 4.5 
Threshold Voltage I j l j j • j j 10 

11 

OR logic "'" Threshold VOltage VOHA 6 -1.065 ·-0.980 -0.910 Vd, 8 12 4.5 

j j j j j • j j 10 
11 

OR logic "0" Threshold Voltage VOLA 6 -1.630 -1.6OQ -1.555 Vd, 8 12 4.5 

! j j j • j I 10 
11 

Switching Times ISO n Load) Pul.ln Pul.Out -3.2 V +2.0 V 

Propagation Delav t8+7_ 1.8 1.7 I.. 8 7 12 4.5 

'8-&- 1.8 1.7 I.. j 6 j j t8+6+ 1.6 1.5 1.7 6 
t8-7+ 16 1.5 17 7 

Fti_Time '7+ 2.2 2.1 2.3 12 4.5 

'6+ 2.2 2.1 2.3 12 4.5 

Fall Time '7_ 2.2 2.1 2.3 12 4.5 

'6- 2.2 2.1 2.3 12 4 •• 

-'ndlvlduallv test each Input applVlng VIH or Vil to the Input under test. 
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MC1660 (continued) 

ELECTRICAL CHARACTERISTICS 

This MECL III circuit has been deligl18d to 
meet the de specifications shown in the 
test table. after thermal equilibrium hal 
been established. The package should be 

:~3 housed in • suitable heat sink IIERC-
14A2CB or equivalent) or a transverse air 
flow greater than SOO linear fpm should 6 2 
be maintained while the circuit is either in 7 
a test socket or is mounted on a printed 
circuit board. Test procedures are shown 10~ for only one input and one output. The 11 14 
other inputs and outputs are tested in a 

12 15 
similar manner. Output$ are tested with a 
5O-ohm resistor to -20 Vdc. See general 13 

information section for complete thermal 
dete. 

OT ... 
Temper_tur. 

_30oe 
.>sOC 
+86°C 

MC1116DL Test LimiU 
P .. 

u_ -3O"c .>sOC _DC 

Cher.n.inic Svmbol Tat M .. M .. M .. M .. Min M .. Unit 

~UPPIY Drain Cur,..nt IE 28 mAde 

Input Current linH 350 ~Adc 

linL 0.5 /o'Adc 

NOR Logic "1" Output Voltaglt VOHtP -1.045 -0.875 -0.960 -0.810 -<).890 -0.700 Vd, 

j I 1 1 1 1 1 
NOR LogiC "0" Output Voltage VOl. tP -1.890 -1.650 -1.850 -1.620 -1.830 -1.575 w, 

j ! 1 1 l 1 1 
OR Logic "1" Output Voltage VOHtP -1.045 -0.875 -0.960 -0.810 -0.890 -0.700 Vd, 

j ! 1 1 l I 1 
OR Logic "0" Output Volta. VOL41 2 -1.890 -1.650 -1.850 -1.620 -1.830 -'.575 Vd, 

I j j 1 1 1 1 1 
NOR Logic "'" VOHAtP 3 -'.065 -0.980 -0.910 Vdo 

Threshold Voltage I j 1 1 1 
NOR Logic "0" VOLAtI> 3 -1.630 -1.600 -1.555 Vd, 

Threshold Voltage I j 1 j 1 
OR Logic "'" Threshold Voltage VOHA41 -'.065 -0.980 -0.910 Vdo 

I 1 1 I 
OR Logic "0" Threshold Voltage VOLAtP -1.630 -1.600 -1.555 Vd, 

j 1 1 
Switcl'ling Times (50 n load) 

Propagation Delay 14+3- 18 1.7 1.9 "' t4_2_ 18 1.7 1.9 I t4+2+ 16 1.5 1.7 
t4-3+ 1.6 15 1.7 

Ri. Time '3· 2.2 2.1 2.3 
'2. 2.2 2.1 2.3 

Fall Time '3- 2.2 2.1 2.3 
'2- 2.2 2.1 2.3 

-IndiVidually test each Input applying VIH or VIL to the Input under test. 
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-L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

TEST VOLTAGE VALUES 

(Voh.1 

VIHmu VILmin VIHAmk'l VILAm •• VEE 

-0.815 -1,890 -1.180 -1.515 -5.2 

-0.810 -1.850 -1.095 -1.485 -5.2 

-0.700 -1.830 -1.025 -1.440 -5.2 

TEST VOLTAGE APPLI ED TO 
PINS LISTED BELOW: IVCCI 

VIHmo VILmin VIHAmin VILAmax VEE Ond 

1,18 

1,18 
1,18 

1,16 

1 
1,18 

1 
1,16 

1 
1,'6 

1 
1,16 

1 
',18 

1 
1,16 

1 
1,16 

1 
Pul.ln Pul.Out -3.2 V +2,0 V 

4 3 8 1,18 

1 2 I 1 
',16 

4 1,16 

• 1,16 
4 1,16 

tP NOTES 

The electrical spacifiClltions shown abow apply to the MCl880 
under the following conditions: 

1. The packagl is hou.d in a suitable "'at sink. t 

D' 

2. Air is blown transwr.ly ovar the PICkage. See 91ne,..1 
information section for mora details. 

tA suitable heat sink is an IERC UC14A2U or equivalent. 



MC1660 (continued) 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS. 25°C 

Vin to Channel "A" V out OR V out NOR 

To 

Input 50 ,--- - --., 
~ ____ ~~ __ ;' __ ~ I 

Pulse Generator 

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

100 

I 

I 

§xt: I I 
I I 

I L ______ ...J 

Input Pulse t+ =:: t- = 1.5 i.O.2 ns 

Channel 
"8" 

Coax 

50 

100 

Unused outputs connected to 8 50-ohm resistor to ground 

V out OR 

V out NOR 

PROPAGATION DELAY 

,-----+1.11 V 

4-33 

t+ 

t-

+0.31 V 

Coax 

50 

100 



QUAD 2-INPUT "NOR" GATE 

MC1662 

POSITIVE LOGIC NEGATIVE LOGIC 

(8) 4~ (8) 4~ B 2 (6) B 2 (6) 
(9) S (9) S 

(10) 

~==Lr--3 (10)6~3 (7) (7) 
(11 ) (11) 7 

(14)10~ (14)10~ 
14 (2) 14 (2) 

(lS) 11 (lS) 11 

(16)12~ (16)12~ 
(3) 15 (3) lS 

(1) 13 (1) 13 

X= A+B x = .A""iB 

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

(7) 3 

14 

(2) 

(11 ) 

so k 

10 
(14) 

50 k 

(10) 
6 

11 
(15) 

50 k 

50 k 

See General I nformation section for packaging. 

CIRCUIT SCHEMATIC 

(4) 

VEE 
8 

(12) 

4-34 

(S) 

MECL III MC1600 series 

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 +850 C). 

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

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

Po == 240 mW typ/pkg (No load) 
Full Load Current. I L = -25 mAde max 

so k 

(8) 
4 

50 k 

12 

(16) 

50 k 

(9) 

5 

--++--<J 2 (6) 

so k 

13 
(1) 

---+-.015 (3) 
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ELECTRICAL CHARACTERISTICS 

This MECL III circuit has been designed to 
meet the dc specifications shown in the 
test table, after thermal equilibrium has 
been established. Air flow greater than SOO 
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 5!klhm resistor 
to -2.0 Vdc. See general information sec· 
tion for complete thermal data. 

Characteristic Symbol 

Power SupplV Drain Current 'E 
Input Current lin H 

lin L 

Logic "'" VOH 
Output Voltage 

Logic "0" VOL 
Output Voltage 

Logic "1" VOHA 
Threshold Voltage 

Logic "0" VOLA 
Threshold Voltage 

Switching Times (50 n Load) 

Propagation Delav t8-6+ 
t8+6_ 

Rise Time '6+ 
Fall Time '6 

Pin 
Und .. 
Test 

12 

6 
6 

6 
6 

6 
6 
6 
6 

6 
6 

6 

6 

Individually test each input applying VIH or VIL to input under test. 

:~6 
10~7 
11~ 

14~2 
15 

1~~3 

MCl662F Test Limits 

-ao"C +25oC 

Min Ma. Min Ma. 
- - - 56 

- 350 

0.5 

-1.045 -0.875 -0.960 -0.810 
-1.045 -0.875 -0.960 -0.810 
-1.890 -1.650 -1.850 1.620 
-1.890 -1.650 -1.850 -1.620 

-1.065 - -0.980 -
-1.065 -0.980 

- ·1.630 - -1.600 
-1.630 -1,600 

- 1.6 - 1.5 
1.8 - 1.7 

2.2 2.1 

2.2 2.1 

~ 
~ ~~ FSUFFIX 

CERAMIC PACKAGE 
CASE 650 

TEST VOLTAGE VALUES 

(Volts) 
@Test 

Temperature VIHma)( Vil min VIHAmin VILAm .. 

-ao"C -0.875 -1.890 -1.180 -1.515 

+2SoC -0.810 -1.850 -1.095 -1.485 

+850C -0.700 -1.830 -1.025 -1.440 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW, 
"-SSoC 

Min Ma. Unit VIH max Vil min VIHA min VILA max 

mAde -
- - /-lAde 

~Adc 

-0.890 -0.700 Vdc 8 -
-0.890 -0.700 Vdc - 9 - -
-1.830 ·1.575 Vdc 8 
-1.830 -1.575 Vdc 9 - - -
-0.910 - Vdc - 8 
-0.910 Vdc - - - 9 

- -1.555 Vdc 8 
- -1.555 Vdc - - 9 -

Pulse In Pulse Out 

- 1.7 ns 8 6 - -
- 1.9 ns 8 6 - -

2.3 ns 8 6 

2.3 ns 8 6 

VEE 

-5.2 

-5.2 

-5.2 

VEE 

12 

12 

12 

12 
12 
12 
12 

12 
12 
12 
12 

-3.2 V 

12 
12 

12 

12 

Gnd 

4.5 

4.5 
4,5 

4.5 
4,5 

4,5 
4.5 

4.5 
4.5 
4.5 
4.5 

+2.0V 

4.5 
4.5 

4,5 

4,5 

s: 
(") .... 
0) 
0) 
N 
(') 
o 
::J .... 
::J 
c: 
(1) 

CL 
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ELECTRICAL CHARACTERISTICS 

This MECL III circuit has been designed to 
meet the dc specifications shown in the 
test teble, after thermal equilibrium has 
been established. The package should be 
housed in a suitable heat sink (I ERC· 
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 
5O-ohm resistor to -2.0 Vdc. See general 
information section for complete thermal 
deta. 

Characteristic SVmbol 

Power Supply Drain Current IE 
Input Current ~ 

lin L 

Logic "1" VOH 
Output Voltage 

Logic "0" VOL 
Output Voltage 

Logic "1" VOHA 
Threshold Voltage 

Logic "0" VOLA 
Threshold Voltage 

Switching Times (50 n Load) 

Propagation Delay t4+2+ 
t4_2_ 

Rise Time '2+ 
Fall Time '2_ 

Pin 
Uncle. 
Test 

-Individually test each Input applying VIH or VIL to input under test. 

:~2 
~~3 
10~ 
11~i4 
12~ 
13~15 

-3O"c 
MC1662L Test Limits 

+25oC 

Min Max Min Max 

56 

350 

05 

-1.045 -0.875 -0.960 -0.810 
-1.045 -0.875 -0.960 -0.810 

-1.890 -1.650 -1.850 -1.620 
-1.890 -1.650 -1.850 -1.620 

-1.065 - -0.980 -
-1.065 - -0.980 -

1.630 - -1.600 
-1.630 - -1.600 

1.6 1.0 1.5 
1.8 1.1 1.7 

2.2 1.4 2.1 

2.2 1.2 2.1 

I 
I 

- L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

@IT ... 
Temperature 

+8S0C 

Min Max 

-0.890 1 -0.700 
-0.890 -0.700 

-1.830] -1.575 
-1.830 -1.575 

-0.910 
-0.910 

- J -1.555 
- -1.555 

- I 1.7 
- 1.9 

- I 2.3 

- I 2.3 

-3O"c 
+2SoC 

+85"C 

Unit 

mAde 

.uAdc 

,uAde 

Vdc 
Vdc 

Vdc 
Vdc 

Vdc 
Vdc 

Vdc 
Vdc 

TEST VOLTAGE VALUES 

(Volts) 

VIH rna. VILmin VIHAmin V,LA me. 

-0.875 -1.890 -1.180 -1.515 

-0.810 -1.850 -1.095 -1.485 

-0.700 -1.830 -1.025 1.440 

TEST VOLTAGE APPLIED TO PINS LISTED BelOW, 

VIHmax VILmin 

4 

Pulse In Pulse Out 

VIHAmin 

4 
5 

VILA mal( 

4 
5 

VEE 

-5.2 

-5.2 

5.2 

VEE 

-3.2V 

Gnd 

1.16 

1.16 

1,16 

1.16 
1.16 

1.16 
1.16 

1.16 
1.16 

1.16 
1,16 

+2.0V 

1,16 
1.16 

1,16 

1,16 

S 
n .... 
0) 
0) 
N 
(") 
o 
::J 
::!. 
::J 
c: 
CII 
CL 



MC1662 (continued) 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS@2S0C 

Input 
50 

Coaxial Cables 
(Equal lengths, typ 2 places) 

To Scope 

r--- ---, 

V out 

50 

~-{--~r-+---~~ ~~I ____ ~ 

Pulse Generator I 

100 i:Lr+ 
I I 

Input Pulse t+ "" L = '.5 (±O.2) ns 

~ 
~ L ______ .J 

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

100 

4-37 

~5~0%_ -r---

~:-+ 



QUAD 2·INPUT "OR" GATE 

181 

191 

MC1664 

POSITIVE LOGIC 

:~2161 
11016~ __ 
11117~3171 

181 

191 

1101 

1111 

NEGATIVE LOGIC 

4~ B 2 
5 

~~3 

161 

171 

114110~ 
115111~14121 

114110~ 14 ( 2) 

116112~ 
11113~15(31 

115111 

116112~15131 
111 13---""L.....J 

veel = Pin 1 (5) 
VCC2 = Pin 16141 

VEE = Pin 8 (12) 

Number at end of terminals denotes pin number of L packaga (Case 6201-
Number in parenthesis denotes pin number for F package (Case 650). 

MECL III MC1600 series 

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 +850 C. 

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

tpd = 0.9 ns typ (Sl()..ohm load) 
.., 1.1 "I typ (50-ohm load) 

Po = 240 mW tvp/pkg (No load) 
Full Load Current, I L ::: -25 mAde max 

CIRCUIT SCHEMATIC 

171 3 

(2114 

10 
(14) 

1111 
7 

50k 

50k 

11 
(15) 

1101 
6 

50 k 

50k 

S_ General I "formation Mctio" for packaging. 

365 

365 

141 
16 

VCC2 

2. 

2 k 

1958 

1958 

VEE 

8 
1121 

4·38 

151 181 

2 k 365 

2 k 365 50 k 

50 k 

12 

1161 

191 

50k 

"""---+-+--<> 2 161 

50k 

13 
111 

--..1--"15 

131 



.j:o 

W 
CO 

ELECTRICAL CHARACTERISTICS 

This MECL III 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 on IV 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. 

Characteristic Symbol 

Power SupplV Drain Current 'E 
Input Current lin H 

~ 
LogiC "1" VOH 

Output Voltage 

logic "0" Val 
Output Voltage 

LogiC "1" VOHA 
Threshold Voltage 

Logic "0" VOLA 
Threshold Voltage 

Switching Times (50 H Load) 

Propagation Delay 18+6+ 
t8_6_ 

Rise Time '6+ 
Fall Time '6_ 

Pin 
Und .. 
Test 

12 

·Indivldually test ea~h Input applYing VIH or VIL to Input under test. 

:~6 
10~ 
11 ~ 7 

14~ 
15 ~ 2 

16~ 
1 ~3 

MC1664F Test Limits 
_lODe +250 C 

Min Max Min Max 

56 

350 

05 

-1.045 -0.875 -0960 -0.810 
-1.045 -0.875 -0.960 -0.810 

-1.890 -1.650 -1.850 -1.620 
-1.890 -1.650 -1.850 -1.620 

-1.065 -0.980 
-1.065 -0.9S0 

-1.630 -1.600 
-1.630 -1.600 

1.6 1.5 
1.8 1.7 

2.2 2.1 

2.2 2.1 

I 
I 

~ 

@T ... 
Temp8fature 

_lODe 

+2SoC 

+8SoC 

+8S0C 

Min Max Unit 

mAde 

.'lAde 

/JAde 

Vdc 
Vdc 

-0.890 -[ -0.700 
-0.890' -0.700 

Vdc 
Vdc 

-1.830 J -1.575 
-1.830 -1.575 

-0.910 Vdc 
-0.910 Vdc 

Vdc 
Vdc 

J -1.555 
-1.555 

1 
17 
1 9 

I 2.3 

I 2.3 

VIH max 

-0.875 

-0.810 

-0.700 

F SUFFIX 
CERAMIC PACKAGE 

CASE 650 

TEST Val TAGE VALUES 

(Volts) 

V'l min V'HA min V'LAmax 

-1.890 -1.180 -1.515 

-1.850 -1.095 -1.485 

-1.830 -1.025 -1.440 

TEST VOLTAGE APPLIED TO PINS lISTEO BELOW: 

V'H max Vll min VIHA min VILA max 

8 
9 

8 
9 

Pulse In Pulse Out 

6 
6 

6 

6 

VEE 

-5.2 

-5.2 

-5.2 

VEE 

12 

12 
12 

12 
12 
12 
12 

12 
12 

12 
12 

-3.2V 

12 
12 

12 

12 

1Vee l 
Gnd 

4.5 

4.5 

4.5 

4.5 
4.5 

4.5 
4.5 

4.5 
4.5 

4,5 
4.5 

+2.0V 

4.5 
4.5 

4.5 

4.5 

3: 
C') .... 
~ 

~ 
n 
o 
::J 
~. 
::J 
c: 
~ 
CL 
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ELECTRICAL CHARACTERISTICS 

This MECL III circuit has been designed to 
IIIMt the de specifications shown in the 
test table, after thermal equilibrium has 
been established. The package should be 
houled in a suitable heat sink OERC· 
14A2CB or equivalent) or a transverse air 
flow greater than 500 linear fpm should 
be maintained while the circuit is either in 
a test lOcket or is mounted on a printad 
circuit board. Test procedures are shown 
for only ona input and one output. The 
other inputs and outputs are tested in a 
similar manner. Outputs are tested with a 
5().ohm resistor to -2.0 Vde. See general 
information section for complete thermal 
data. 

Characteristic Sy ... bol 

Power Supply Drain Current IE 

Input Current 
~ 

'in L 
Logic ''1'' VOH 

Output Voltage 

Logic "0" VOL 
Output Voltage 

Logic "1" VOHA 
Threshold Voltage 

Logic "0" VOLA 
Threshold Voltage 

Switching Times (50 n Load) 

Propagation Delay 14+2+ 
'4-2-

Rise Time '2+ 
Fall Time '2_ 

Pin 
Under 
Tost 

·lndividually test each input applying VIH or VIL to input under test. 

:~2 
~~3 
tO~ 14 

11~ 
12~ 
13~15 

@Test 

Temperature 

_30De 
+2SoC 

+8SoC 

MCl664L Test Limits 

-JO"c 
Min Max 

-1.045 -0.875 
-1.045 -0.875 

-1.890 -1.650 
-1.890 -1.650 

-1.065 
-1.065 

-1.630 
-1.630 

1.6 
1.8 

2.2 

2.2 

+250 C 

Min Max 

05 

-0.960 
-0.960 

-1.850 
-1.850 

-0.980 
-0.980 

56 

350 

-0.810 
-0.810 

-1.620 
-1.620 

-1.600 
-1.600 

1.5 
1.7 

2.1 

2.1 

+8S0C 

Min Max 

-0.890 
-0.890 

-1.830 
-1.830 
-0.910 
-0.910 

-0.700 
-0.700 

-1.515 
-1.575 

-1.555 
-1.555 

1.7 
1.9 

2.3 

2.3 

Unit 

mAde 

~Adc 

.uAdc 

Vdc 
Vdc 

Vdc 
Vdc 

Vdc 
Vdc 

Vdc 
Vdc 

-
VIH max 

-0.875 

-0.810 

-1).700 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

TEST VOLTAGE VALUES 

IVoIts) 

V'lmin V'HA min V,LA max 

-1.890 -1.180 -1.515 

-'.850 -1.095 -1.485 

·1.830 -1.025 -1.440 

TEST VOLTAGE APPLIED TO PINS LISTED BelOW, 

V'H max VILmin VIHAmin VILA max 

Pulse In Pulse Out 

VEE 

-5.2 

-5.2 

-5.2 

VEE 

8 

8 

Gnd 

1.16 

1,16 

1,16 

1,16 
1,16 

1.16 
1,16 

1,16 
1,16 

1,16 
1,16 

-3.2 V +2.0V 

8 1,16 
8 1,16 

1,16 

8 1,16 

s: 
(") ... 
m 
~ 
n o 
:l 
~. 
:l 
C 
ct> 
CL 



MC1664(continued) 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 0 2SDC 

V In to Chennel "A" V out to Channel "s" 

Coax 

Input 
50 

PUI .. Generetor 

100 

-= 

Input Puis. t+., C.,. 1.6 (±O.2) ns 

r-----..., 
, I 

I 

~ 
-+-L-./I 

I I 

~ 
~ 

L _____ ..I 

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

50 

100 V out 

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

4-41 
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DUAL CLOCKED R-S FLIP-FLOP 

MC1666 

POSITIVE LOGIC 

(9) 

5t=t
2 

(6) 

(11) 7 C 

(8) 4 A a 3 (7) 

(16) 12t=t0 15(3) 

(14) 9 C 

11) 13 R a 14 (2) 

TRUTH TABLE 
S R C °n+1 
<I> <I> 0 On 
0 0 On 
1 0 1 
0 1 0 
1 N.D. 

(/) - Do n't Care 
N.D. = Not Defined 

C VCC2 S a 
(14) (4) (16) (2) 

9 16 12 14 

MECL III MC1600 series 

This device consists of two Set· Reset flip· flops in a 
single package which require a clock input to enable the 
set·reset inputs. Internal input pull·down resistors eliminate 
the need to return unused inputs to a negative voltage. 

The device is usefu I as a high-speed dual storage element. 

tpd "" '.6 ns tvp (51 O-ohm load) 
= 1.8 ns typ (50-ohm load) 

P D = 220 mW typ!pk 9 (No Load) 

vee1 = Pin 1 (5) 
VCC2 = Pin 16 (4) 

VEE = Pin 8 (12) 

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 

Q R 
(3) 11) 
15 13 

vee1 
(5) 

1 

8 
(12) 

R Q 
(8) (6) 
4 2 

·0 S 
(7) (9) 

3 

C 
111) 

7 

50 k 

Vee 
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 Ganeral Information section for packaging. 

4-42 



3: 
ELECTRICAL CHARACTERISTICS (") .... 
This MECL III circuit has been designed to 

~ 
en 

meet the de tp8cifications shown in the 
F SUFFIX 

en 
test table, aft.r thermal equilibrium has en 
bean established. Air flow greater than 500 CERAMIC PACKAGE r;-
linear fpm should be maintained while the 

9U
6 CASE 650 0 

11 c ::l circuit is either in a test socket or is 
8 A a 7 

I 

~. 
mounted on a printed circuit board. Test TEST VOL TAGE VALUES ::l 
procedures are shown for only one input (Volts) C 

and one output. The other inputs and 16U3 
ro 

@Test a. 
outputs are tested in a similar manner. 14 c 

Temperature V'Hma)( VILmin VIHAmln VllAmax VEE 

Outputs af. t.sted with a 5CHlhm resistor 1 A a 2 
-JOoC -1 180 -1 515 -5.2 -0875 -1.890 

to -2.0 Vdc. See general information sec-
+250C -0.810 -1.850 -1.095 -1 485 -5.2 

tion for complete thermal data. 
+8SoC -0700 -1 830 -1 025 -1 440 -5.2 

Pon 
MC1666F Test Limits TEST VOL TAGE APPLIED TO 

Under -30°C +2SoC +85 PINS LISTED BELOW: (Vee l 

Characteristic I Symbol I Test Min M" Mon M" Min Max Unit VIHmax VILmln VIHAmm VILAmaM VEE Gnd 

Povver Supply Drain Current I IE CD 12 55 - mAde 11.14 12 4.5 

Input Current I ImH I 1 - 0.370 - mAde 1.14 12 4.5 
16 0370 - mAde 14.16 12 4.5 
14 0.225 - mAde 14 12 4.5 

ImL 16 - 0.5 - - /JAde 16 12 4.5 
1.14 0.5 jJAdc 1,14 12 4.5 

I . 0" LOyle .. , , Output Voltage VOH 3$ 
-, 045 -0875 ·0.960 -0 810 -0 890 -0700 Vrl, - 1 12 4.5 

~ 3 3 -, 045 -0875 -0 960 -0810 -0.890 -0700 Vdc 14 - 12 4.5 
~ I "0" Lagle "0" Output Voltage VOL 3~ -1 890 -1650 -1 850 -1 620 -t 830 -1 575 Vrl, - 16 12 4.5 
(.oJ 

3 5 -1 890 -, 650 -1 850 -1620 -1 830 -1 575 Vdc 14 - 12 4.5 

"0" Lagle "1 'Output Voltage VOH 2~ -1 045 -0.875 ·0.960 -0 810 -0 890 -0700 Vrl, - 16 12 4.5 
2 5 -1 045 ~O 875 -0 960 ·0810 -0 890 -0700 Vd, 14 - 12 4.5 

"0' Lagle' 0" Output Voltage VOL ~~ -1 890 -1 650 -1 850 -1 620 -1 830 -, 575 Vdc - 1 12 4.5 
-1 890 -1 650 -1850 -1 620 -1830 -1 575 Vrl, 14 - 12 4.5 

"0" LogiC .. ,., Output VOHA 3~ -1.065 -0.980 -0910 Vrl, - 16 1 12 4.5 
Threshold Voltage 3 7 -1.065 ·0.980 - -0910 Vdc 1 14 - 12 4.5 

"0" LogiC "0" Output VOLA 3@ -1630 -1 600 -1.555 Velc 1 16 12 4.5 
Thleshold Voltdge 

"0" LogiC "1" Output VOHA 2@ -1 065 -0 980 -0910 Vdc 1 16 12 4.5 
Threshold Voltage 

"0" Logic "0" Output VOLA 2@ -1630 -1 600 ., 555 Vdc 16 1 12 4.5 
Threshold VOltage 2(Z) -1630 -1600 -1.555 Vd, 14 14 - 12 4.5 

SWitching Times (50 H Load) Pulse In Pulse Out -3.2 V +2.0V 
Clock Input 114+3+ 3 10 2.7 10 25 11 2.8 ns 14 3 12 4.5 

t14+3- 3 

• • • • • • 
~ 

• 
3 -

• • 
t14+2- 2 2 
114+2+ 2 2 - -

Set Input t16+3+ 3 1 a 2.5 10 23 11 2.7 ns 16 3 12 4.5 
t16+2- 2 

~ ! ~ ~ ! ! "' 16 2 12 4.5 
Reset Input 11+2+ 3 ns 1 2 .. 12 4.5 

11+3- 2 ns 1 3 12 4.5 
Rise Time ,. 2.3 08 2.8 0.8 20 09 2.9 ns 14 2.3 12 4.5 

Fall Time ,- 2.3 05 2.4 05 22 05 2.6 ns 14 2.3 - 12 4.5 

o Notes appear on page lollowlng Elecl(lcal Characte(lstlcs tables 



ELECTRICAL CHARACTERISTICS 3: 
This MECL III circuit has been designed to n 
meet the de specifications shown in the .... 

O'l test table, after thermal equilibrium has O'l 
been e.tablished. The package should be O'l 
hou.d in a suitabte heat sink (lERC-

C"l 14A2CB or equivalent) or a transverse air L SUFFIX 

'U2 
CERAMIC PACKAGE 

0 
flow gr.ater than 500 linear fpm should ~ 

be maintained while the circuit is either in 
7 C CASE 620 !:!. 

a test socket or is mounted on a printed 
4 R a 3 ~ 

I 
c: 

circuit board. Test procedures are shown TEST VOL TAGE VALUES CO 
for only one input and one output. The "U" (Volts) C-

other inputs and outputs are tested in a 9 C 

13 A a 14 
@Test 

VIHAmin v,LAmaxl Vee similar manner. Outputs are tested with a Temperature VIHmax VILmin 

!iO-<>hm ... istor to -2.0 Vdc. See general -JoDe -0.875 -1.890 -1.180 -1.515 I -5.2 
information section for complet. thermal +250 C ·0.810 ·1.850 -1.095 -1 485 -52 
deta. 

+8SoC -0700 -1.830 -1.025 -1.440 I -5.2 

Pin 
MC1666l Test limits TEST VOL rAGE APPLIED TO 

Under -lOoe +2SoC +8S PINS LISTED BELOW: (Vee l 

Characteristic I Symbol IT ... Mo" M .. Min M •• Mon M .. Umt VIHmax VILmin VIHAmin V'LAmax VEE Gnd 

P01/\le1 Supply Drain Current I 'E <D 55 mAde 7.9 1,16 

Input Current I lonH I 12 0.370 mAde 9,12 1,16 
13 0370 mAde 9,13 1,16 
9 0.225 mAde 9 1,16 

IlnL 12 0.500 /JAde 12 1,16 
9.13 0.500 /J.Adc 9,13 1,16 

~ I "0" LogiC "'" Output Voltage VOH 15$ -1.045 -0.875 -0.960 -0.810 -0.890 -0.700 Vdc 13 8 1,16 .j:. 15 -1.045 -0.875 -0.960 -0.810 -0890 -0.700 Vdc 8 1,16 
~ 

"0" LogiC "0" Output Voltage VOL 15 ~ -1.890 -1.650 -1.850 -, 620 -1 830 -, 575 Vdc 12 8 1,16 
15 -1.890 -1.650 -1.850 -1.620 -1.830 -1575 Vdc 8 1,16 

"Ci" LogiC "'" Output Voltage VOH '4 ~ -1.045 -0.875 -0.960 -0.810 -0.890 -0.700 Vdc 12 1,16 
14 5 -, 045 -0875 -0.960 -0.Bl0 -0.890 -0.700 Vdc 1,16 

"a" LogiC "0" Output Voltage VOL 14 ~ -1.890 -1.650 -1.850 -1.620 -1.830 -1.575 Vdc 13 1,16 
14 -1890 -, 650 -1.850 -1.620 -1 830 -1.575 Vdc 1,16 

"Q" Logic" 1 " Output VOHA 15~ -1.065 -0.980 -0.910 Vdc 12 13 8 1.16 
Threshold Voltage 15 -1.065 -0.980 -0.910 Vdc 13 9 8 1,16 

"0" LogiC "0" Output VOLA 15 <ID -1.630 -1.600 -1.555 Vdc 13 12 8 1,16 
Threshold Voltage 

"0" LogiC "1" Output VOHA 14@ -1.065 -0.980 ·0.910 Vdc 13 12 1,16 
Threshold Voltage 

"0" Logic "0" Output VOLA 14 ~ -1.630 -1.600 -1.555 Vdc 12 13 1,16 
Threshold Voltage 14 -1.630 ·1.600 -1.555 Vdc 13 9 1.16 

SWitching Times (SO 12 Load) Pulse In Pul_Ou -J.2V +2.0 V 
Clock Input 19+15+ 15 10 2.7 10 2.5 1.1 2.8 9 15 8 1.16 

19-+15- 15 

t t t t t t t 
15 

t t t9+14- 14 14 

t9+14+ 14 14 

Set Input t12+15+ 15 10 2.5 1.0 2.3 1.1 2.7 12 15 1.16 
112+14- 14 

~ ! ! ! i ~ 
12 I. 1.16 

Reset Input 113+14- 14 13 14 1.16 
\13+15+ 15 13 15 1.16 

Rise Time .+ 14.15 0.8 2.8 0.8 2.5 0.9 2.9 9 14,15 1,16 

Fall Time t- 14.15 0.5 2.4 0.5 2.2 0.5 2.6 14,15 1.16 

o Notes appear on page following Electrical Charactenstics tables. 



MC1666(continued) 

(SLV'H) 
VIL 

1 I 
~ ,:>5", l-

Vin2 f 

Vin3 ~ 

NOTES 

H 

L 

H 

L 

G) I E is measured with no output pull-down resistors. 

® Apply Sequentially: Vin1 to C (VIH to VIL) 

Vin2 to S (VIH to VIL) 

@ Apply Sequentially: Vin1 to A (VIH to VIL) 

Vin2 to S (VIH to VIL) 

® Apply Sequentially: Vin1 to C (VIH to VIL) 

Vin2 to R (VIH to VIL) 

® Apply Sequentially: Vin1 to S (VIH to VIL) 

H Vin2 to R (VIH to VIL) 

L 

test 

4-45 

® Apply Vin3 to C (VIH to VIL) 

(J) Apply Vin3 to S (VIH to VIL) 



Me 1666 (conti nued) 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @250 C 

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

Vin 
To Channel "A" 

Coax 

50 

+2.0 Vdc 

Input pulses 
by 2 pulse 
generators 

51 I 
----'----- --~ 

1 

V out 
To Chanr.el "8" 

100 Coax 

C2 
Q2 

1/2 

02 
52 R2 

50 

Coax 

50 

g g 

50 
Plo---~,,~------------_+----~t->---------------lr_,----~5~0~il~c~o-a-x~-o5 

100 100 
50 

MC1670 
Pl 

Vin 
To Channel "A" 

---+1.11 V 

+0.31 V 

o P2 -----
n 1\- -----+1.11V 

::::120 n.I----------------' '-----------+0.31 V 

S 

A 

SET/RESET TO a/a ta_ 
(Switch Sl in position shown) 

a 

0 

to+ 

C 

5 

A 

CLOCK TOO/a 
(Switch S1 in opposite position) 

Q 

0 
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MECL III MC1600 series 
DUAL CLOCKED LATCH 

MC1668 

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. 

(9) 5 

~ 
S 

(10) 6-0 a ""'-----2 (6) TRUTH TABLE 

S R D C On+1 

(11 ) 7- C 0""'-----3 (7) 0 0 

'" 
0 On 

R I 0 

'" 
0 I 

~ 0 I 

'" 
0 0 

(8) 4 I I 

'" 
0 .. 

'" '" 0 I 0 
(16) 12 

~ '" '" I I I 

•• Output state not defined <P = Don't Care 

(IS) 11-- 0 
S 
O~15(3) 

(14) 9-C a~'4(2) 
Vee1 = Pin 1 (5) R 

~ 
VCC2 '" Pin 16 (4) 

(1) 13 VEE = P;n 8 (12) 

tpd = '.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). Po = 220 mW typ/pkg (No load) 
Numbers in parenthesis denote pin numbers for F package (Case 650). 

CIRCUIT SCHEMATIC 

C VCC2 0 0 
9 16 11 14 

(14) (4) (IS) (2) 

50 k 

50 

(16) 
12 
S 

VEE 
8 (12) 

(I) 

13 
R 

a 
15 
(3) 

VCCI 
1 

(5) 

(12) 
8 

VEE 

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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a 
2 

(6) 

(8) 
4 
R 

VEE 
8(12) 

o 0 
3 6 

(7) (10) 

(9) 
5 
S 

C 
7 

(II) 

50 k 



~ 
,i:. 
CX) 

ELECTRICAL CHARACTERISTICS 

This MECL III circuit has been designed to 
meet the de specifications sho,""", 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. 

1:~6 
11~7 
B 

16~ 15 0 S: 3 

14 C R Q 2 

1 

@Test 

~ 
F SUFFIX 

CERAMIC PACKAGE 
CASE 650 

TEST VOLTAGE VALUES 

(Volts) 

VIHA min 
-1.180 

-1.095 

VILA mex Vee 
-1.515 -5.2 

-1.485 -5.2 

+8socl -0.700 I -I.H.JU -1.u25 -1.440 -5.2 

ChliracteristlC 

Power Supply Ora In Current 

Input Current 

"a" LogiC "1" 
Output Voltage 

"0" LogiC "0" 

Output LogiC r.u" LogiC "1" 
Output Voltage 

"a" LogiC "a" 
Output Voltage 

"a'" Logic "1'" Output 
Threshold Voltage 

"0" LogiC "0'" Outpu t 

Threshold Voltage 

'"0" LogiC "I" Output 
Threshold Voltage 

"0" LogiC "0" Output 
Threshold Voltage 

Switching Times (50 n Load) 
Clock Input 

AiseTime 

Fall Time 

Set Input 

Reset Input 

Symbol 

'E 
lin H 

lin L 

VOH 

VOL 

VOH 

VOL 

VOHA 

VOLA 

VOHA 

VOLA 

t13"'3+ 
113+3-
t,3"'2-
t13+2+ ,+ 

t-

t16+3+ 
116+2-

11+2'" 
t1-l-3-

Pon 
Under 
THt 

12 n 
1.15,lS(l) 

13 

1,15,16~ 
13 

3~ 
3@ 
3e 
3@ 
2@ 
2@ 
20> 
2@ 

3 
3<i) 
3@ 

3 
3@ 
3@ 

2 
2@ 
20> 

2 
2<i) 

2@ 

2,3 

2,3 

-lOoe 

Min I Mu 

-1.045 
-1.045 

-1.890 
-1.890 

-1,045 
-1.045 

-1.890 
-1.890 

-1.065 

• 
-1.065 

• 
1.0 

~ 
0.8 

0.5 

1.0 
1.0 

1.0 
1.0 

-0.875 

-0.875 

-1.650 
-1.650 

-0.875 
-0.875 

-1.650 
-1.650 

-1.630 

• 
-1.630 

+ 
2.7 

~ 
2.8 
2.4 

2.5 
2,5 

2,5 
2.5 

ONotes appe .. on page following Electrical Characteristics tables. 

MC1668F Test Limits 

+250C 

Min I Mu 

0.500 
0.500 

-0960 
-0.960 

-1.850 
-1.850 

-0.960 
-0.960 

-1.850 
-1.850 

-0.980 

• 
-O'ro 

'[ 
0.9 

0,5 

1.1 
1.1 

1.1 
1.1 

55 

0.370 
0.225 

-1.810 
-1.810 

-1.620 

-1.620 

-0.810 
-0.810 

-1.620 
-1.620 

-1.600 

+ 

-1.600 

t 
2.5 

~ 
2.5 

2,2 

2,3 
2.3 

2.3 
2.3 

+8soe 

Min I Max 

-0.890 
-0.890 

-1.830 
-1.830 

-0.890 
-0.890 

-1.830 
-1.830 

-0.910 

• 
-0.910 

t 

'r 
0.9 

0.5 

1.1 
1.1 

1.1 
1.1 

-0.700 
-0.700 

-1.575 
-1.575 

-0.700 
-0.700 

-1.575 
-1.575 

-1.555 

• 
-1.555 

+ 

2f 
2,9 

2.6 

2.7 
2.7 

2,7 
2.7 

Unit 

mAdc 

mAdc 

mAdc 

.'lAdc 

/.IAdc 

Vd, 
Vd, 

Vd, 
Vd, 

Vd, 
Vd, 

Vd, 
Vd, 

Vd, 

t 
Vd, 

• Vd, 

• Vd, 

t 

or 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 

VIH mulVIL min I VIHA min I VILA max I VEE 
11,14 I 12 

1.15,16 
14 

14 

14 

14 

14 

15 

1.15.16 
14 

16 

16 

15 

15 

Pulse In IPulseout 'i' 3 

14 

14 

16 
16 

2,3 

2,3 

16 
15 
14 

14 

14 

16 
15 
14 

16 
15 

16 
15 

12 
12 

12 
12 

12 
12 

12 
12 

12 
12 

12 
12 

12 

• 12 

t 
12 

t 
12 

+ 
-32 V 

I! 
12 

12 

12 
12 

12 
12 

(Vee) 
Gnd 

4,5 

4,5 
4,5 

4,5 
4,5 

4,' 
4,5 

4,5 
4,5 

4,5 
4,5 

4,' 
4,5 

4,5 

+ 
4,5 

+ 
4,5 

+ 
4,5 

• +2.0 V 
4,5 

~ 
4,5 

4,5 

4,5 
4,5 

4,5 
4,5 

3: 
n .. 
0) 

~ 
8 
~ 

'* 
~ 
C 
(I) 
C. 
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ELECTRICAL CHARACTERISTICS 
This MECL III circuit has been designed to 
meet the de specifications shown in the 
test table, after thermal equilibrium has 
been established. The package should be 
housed in a suitable heat sink (I ERC·LIC· 
214A2WCB or equivalent) or a transverse 
airflow 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 
8 5O-ohm resistor to -2.0 Vdc. See general 
information section for complete thermal 
data. 

Chilractaristic 

Power Supply Drain Current 

Input Current 

"0" LogiC "1" 

Output Voltage 

"0" Logic "a" 
Output Logic 

"O"Logic "1" 
Output Voltage 

"0" Logic "0" 
Output Voltage 

"0" LogiC "1" Output 

Threshold Voltage 

"0" LogIC "0" Output 

Threshold Voltage 

"0" Logic" '" Output 
Threshold Voltage 

"0" Logic "0" Output 

Threshold Voltage 

Switching Times (SO n Load) 

Clock Input 

Rise Time 

Fan Time 

Set Input 

Reset Input 

Symbol 

Pin 
Under 
T ... 

IE (HI'Z) 11 
1m H 1'1,'2,13(2) 

lin L 

VOH 

VOL 

VOH 

VOL 

VOHA 

VOLA 

VOLA 

VOLA 

t9+15+ 
t9+15-
t9+14-
ts+14+ 

.+ ,-
112+15+ 
t12+14-

113+14+ 
tt3+15-

9 

111.12.13(i) 
9 

15@ 
15@ 

15@ 

1~ 
14@ 
14® 

14 Q) 
14@) 

15 
15 (i) 
15 ® 
15 
15® 
15Q) 

14 
14® 
14Q) 

14 
14 (i) 
14® 

15 
15 
14 
14 

14,15 

14,15 

15 
14 

14 
15 

5~ 60 S Q 2 

: C R Q 3 

12~ 11 0 S Q 15 

9 C RQ1 14 

13 -LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

-100C 

Min I Max 

-1.045 I -0.875 
-1.045 -0.87~ 

-1.890 1-1.650 
-1.890 -1.650 

-1.045 1-0.875 
-1.045 -0,875 

-1.890 1-1.650 
-1.890 -1.650 

-1.065 

• 
-1.065 

• 

't 
0.8 

0.5 

1.0 
1.0 

1.0 
1.0 

-1630 , 
-1.630 

• 
2.7 

~ 
2.8 

2.4 

2.5 
25 

25 
25 

MCl668L Test Limits 

+2SoC 

Min I Max 

0.500 
0.500 

55 

0.370 
0.225 

-0.960 1-1.810 
-0.960 -1.810 

-1.850 1-' 620 
-1.850 -1.620 

-0.960 1-0.810 
-0.960 -0.810 

-1.850 1-1.620 
-1.850 -1.620 

-0.980 

• 
-0.980 

1.0 

~ 
0.9 

0.5 

1.1 
1.1 

1.1 
1.( 

-1600 

• 
-1.600 

t 
2! 
2.5 

2.2 

2.3 
23 

2.3 
2.3 

TEST VOLTAGE VALUES 

@lTest (Volts) 

Temperature VIH max Vil min 

-30°C -0875 -1.890 

+2SoC -0.810 -1.850 

VIHA min 

~ 
-1.095 

VILA max 

':T5i'5 
-1.485 

VEE 
'TI 
·52 

+8S oC 

Min I Max 

-0.890 I -0.700 
-0.890 -0.700 

-1.830 I -1.575 
-1830 -1.575 

-0.890 I -0.700 
-0.890 -0.700 

-1.830 I -1.575 
-1830 -1.575 

-0.910 , 
-0910 

• 
1.1 

• 0.9 

0.5 

1.1 
1.1 

1.1 
1.1 

"f 
-1555 

• 
2.8 

~ 
2.9 

2.6 

27 
27 

2.7 
27 

+S50C -0.700 -1.830 -1025 ~ ~ 

Unit 

mAde 

mAde 
mAde 

jJAdc 
jJAdc 

Vdo 
Vdo 

Vdo 
Vdo 

Vdo 
Vdo 

Vdo 

Vdo 

Vdo 

• V1 

V1 
Vdo 

• 
~ 

TEST VOL TAGE APPLIED TO PINS LISTED BELOW; I I (Vee I 
VIH maxlVIL min I VIHA min I VILA max VEE Gnd 

7,9 I 1,16 

11,12,131 1,16 
9 1,16 

11 

11,12,13 
9 

13 

12 

12 

'3 

11 

11 

PUI~ In I Pul~_Out 

l 
15 
15 
14 
14 

12 
12 

13 
13 

14,15 

14,15 

15 
14 

14 
'5 

12 

" 9 
13 

13 

12 
11 

9 

13 

12 
11 

12 
11 

13 

8 

• 8 

• 8 

t 
8 

• 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 

• 1,16 

• 1,16 

• 1,16 , 
-3.2 V +2.0 V 

1 T 
1,16 

1,16 

1,16 
1,16 

1,16 
1,16 

ONotes appear on page following Electneal Characterlstic51ables 

:s:: 
C') .... 
0) 

~ 
8 
::J ... 
::J 
c: 
~ 



MC1668 (continued) 

NOTES 

CD I E is measured with no output pulldown resistors. 

® Test voltage applied to pin under test. 

(SLVIH) --.~--. H 
Vinl V,L 

~ 1~5 ns H 
Vin2 

---{ ~5 ns 

- H 
Vin3 

~5 ns~ ~ 
L 

t"" 0 test 

4-50 

@) Apply S8Cluentially: Vinl to R (V,H to VIL) 

Vin2 to C (V'H, V,L) 

Vin3 to 0 (V,H to V,L) 

® Apply Sequentially: Vinl to S (V,H to V,L) 

Vin2 to C (VIH. V,L) 

(i) Apply Sequentially: Vinl to A (V,H to V,L) 

Vin2 to C (V,H. V,L) 



Me 1668 (continued) 

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS@250C 

Vin 
To Channel "A" 

Coax 

50 

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

Cl 

01 

1/2 

D Ql 

51 Rl 

V out 
To Channel "S" 

Coax 
100 

Coax 

50 50 

C2 

02 

1/2 

D Q2 

52 R2 
o 0 
o 0 

Vee'" +2.0 Vdc 

VEE = -3.2 Vdc 

I nput pulses 
by 2 pulse 
eenerators 

Plv---~T<~ __________ ~ ______________________ ~~~ __ ~5AO~-U====J--05 
Vin Coax 

P2v--~I<~+ _____ + ____________ -l--~_-,\5A°;"""--fI-J._OR To Channel "A" 

5 

A 

SET/RESET TO a/a 
(Switch 51 in position shown) 

0 

5 

C 

D 

CLOCK TOO/a 
(Switch S1 in opposite position) 

0 

5 

100 100 

Pl 

Coax 

--+1.11 V 

+0.31 V 

P2 r-\ r-'\---. ---- +1.11 V 

------::]20 n,f-~-----.J '------- +0.31 V 

'0-

to+ 

4-51 



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 (Cl 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 (Cl "OR" C2) are 

POSITIVE LOGIC 

1915 S--------, 

1111 7 C1 

1141 9 C2 

1151 11 D 

181 4 R------" 

a 2 161 

a 3 171 

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

While either Cl "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. 

NEGATIVE LOGIC 

191 5 S------, 

1111 7 e:1~ro,r-" 
1141 9 C2-_____ ../1 a 2 161 

1151 11 D a 3 171 

1814 R-------.J 

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

C 

a 

veel = Pin 1 (5) 
VCC2 = Pin 16 (4) 

VEE::: Pin 8 (12) 

Power Dissipation = 220 mW typical (No Load) 

ftog = 350 MHz typ 

TIMING DIAGRAM 

\'------

See General Information Mction for packsging. 

4-52 

TRUTH TABLE 

R S D 

L H 4> 

H L 4> 

H H 4> 

L L L 

L L L 

L L L 

L L H 

L L H 

L L H 

<p - Don t Care 
NO = Not Defined 
CsC1 +C2 

C 

4> 

4> 

4> 

L 

-F 
H 

L 

...r 
H 

On+1 

H 

L 

N.D. 

an 

L 

On 

On 

H 

On 



MC1670 (continued) 

ELECTRICAL CHARACTERISTICS 

This MECL III circuit has been designed to 
9 S meet the de specifications shown in the 

tlst table, after thermal equilibrium has 

~ been established. Air flow greater than 500 11 C1 ~ .... ,:-
Q 6 

linear fpm should be maintained while the 13 C2 
circuit is either in • test socket or is 
mounted on 8 printed circuit board. Test 
procedures are shown for only one input 

F SUFFIX 
and ana output. Th. other inputs and 15 0 Q 7 CERAMIC PACKAGE 
outputs .r. tested in • similar manner . CASE 650 
Outputs are tested with a 50-0hm resistor 

1 to -2.0 Vdc. See general information sec- S A TEST VOL TAGE VALUES 

tion for complete thermal data. (Volts) 

@THO 
Temperature VIHmu VILmin VIHAmin VILAmu VEE 

-lOoe -0875 -1890 -1.180 -1.515 -5.2 

+25oC -0.810 -1.850 -1.095 -1485 -5.2 

+85oC -0.700 -'.830 -1.025 -1.440 -5.2 

MC1670F Test Limits TEST VOL TAGE APPLIED TO PINS 
Pin -lOoC +2SoC +8SoC LISTED BELOW: (VCCI Uod« 

CharacterIstIC Symbol THO Min M .. Min .... M .. Unit VIHma .. VILmln VIHAmin VILAm ... VEE '1 " '3 GmI 

Power SupplV Drain 
" 

12 48 mAde 12 4,5 

Input Current l,n H 550 /JAde 12 4,5 
550 

J j j 14 250 14 
11 250 11 
15 270 15 

l,n L 8 0.5 /JAde 12 4,5 

j 
14 

I J 
14 11 14 
11 14 11 
15 14 15 

Logie "1" VOH -1045 -0.875 -0.960 -0.810 -0890 -0.700 8.11.15 12 14 4,5 
Output Voltage j j j j j j 15 9.14 j 11 

15 9,11 
8.14.15 

Logic "0" VOL -1.890 -1.650 -1.850 -1.620 -1.830 -1575 15 9,11 12 14 4.5 
Output Voltage j j j j j j j 

8,14,15 j 11 

8.11.15 9 14 

15 9,14 

Logic "I" VOHA -1.065 -0.980 -0.910 Vdo 8.11.15 12 4.5 
Threshold VOllag-e 

I I j j 
15 9.14 

I 
11 

j 
15 9,11 8 

8.14.15 11 
9.11 15 
8,14 15 11 

Logic "0" VOLA -1.630 -1.600 -1555 Vdo 15 9.11 12 4,5 
Threshold Voltage 

I j j 
8.14.15 

j 
11 

I 8.11.15 9 14 

15 9.14 11 

8.11 15 
9.14 15 11 

-32 +2.0 
Switching Parameters Min "'. Min .... .... ~ ~ 
Clock to Oulpul Delay 111+6+ 14,6 1.0 2.7 1.1 2.5 1.1 29 12 4,5 

(See Figure 11 111_6- 14.6 
111+7_ 14.7 
111_7+ 14.7 

Set to Output Delay 19+6+ 9.6 
(See FIgure 2) 19+6- 9,' 

Rewt to Output Delay 18+6_ 8.6 
(See FIgure 21 18+7+ .,7 

OutpIJt 
Rise T,me 16+7+ 6.7 0.9 2.7 1.0 2.5 10 2.9 
Fall Time 16_7_ 6.' 0.5 2.1 0.6 1.9 0.6 2.3 

(See Figure 21 

Set Up Time ts"I" 0.4 
(See Figure 31 Is"O" 05 

Hold Time tH"I" 03 
(See Figure 3) tH"O" 0.5 

Toggle Frequency 'Tog 270 300 270 MH, 

(See Figure 4) 

VIH ma.=n..----1..-

::::::~; :" 
VILmin P2 

V'HA I I 
VILA ~3 

~5nl ~ Ta., 
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Me 1670 (conti nuedl 

ELECTRICAL CHARACTERISTICS 

This MECL III circuit has been designed to 

!_I~ meet the de specifications shown in the 5 S 

te .. table, after thermal equilibrium hes 
been established. The package should be 7 C1 

housed in • suitable he.t sink ilEAC· Q 2 
9 C2 

14A2CB or equivalent) or a transverse air 
flow greater than 500 line.r fpm should 
be maintained while the circuit is either in LSUFFIX 
8 test socket or is mounted on 8 printed 11 0 is 3 

CERAMIC PACKAGE 
circuit board. Tast procedures are shown CASE 620 

for onlv one input and one output. The 
other inputs and outputs ar. te.ted in a 4 R I 

TEST VOLTAGE VALUES 
timilar manner. Outputs af' t.,ted with 8 

{VoIU) 
5().ohm rl.istor to -2.0 veSc. See general 
information section for complete thermal n", 

Tempeorltur. VIHm ... vlLmm VIHAmin VILA max VEE 
data. _30°C -0.875 -1.890 -1.180 -1.515 -5.2 

+25°C -0.810 -1.850 -1.005 -1.485 -5.2 

+B50C -0.700 -1.830 -1.025 -1.440 -5.2 
MC1670L Tnt Llmln TEST VOLTAGE APPLIED TO PINS 

Pin -JOoC +250C +8SoC LISTED BELOW: 
U""~ (VCCI 

Char.cterlstiC Symbol T", Min M •• M .. M .. Unit VIHmu: VILmin VIHAmin VILAm .. Ve, P, P2 P3 G"" 
Power Supply Dra,n 'E 8 48 mAdc 7,9 8 1,16 

Inpul Curren' I,n H 550 uAdc 1.16 
SSO 

J J 
250 
250 

11 270 11 

''''L 4 05 uAde • 1.16 

11 J J 
Log,c'I' VOH 2 -1.045 -0.875 -0.960 -0.810 -0.890 -0.700 Vdo 4,7,11 5 .. 1,16 

OUIVul Vollage 3 

I j I I I j 5.9 
5,7 

4.9,11 

LOg'c "0" VOL -1890 1650 -1850 -1.620 -1830 -1.575 Vdo 11 5,7 1,16 
OulPUI Voltage j j j j j j 4,9.11 

4,7,11 
5,9 

Log,c"l" VOHA -1.065 -0.980 -0.910 Vdo 4.7.11 5 1,16 
Threshold Voltage 

j j j j 
5,9 

j 5,7 
4.9,11 

5.7 
4,9 11 

Log,c"O' VOLA -1.630 -1600 -1555 Vdo 5,7 1,16 
ThreshOld Voltage 

j j 
4,9,11 

j 
4,7,11 

5,9 
4,7 11 
5,9 11 

-32 +2.0 
~wllcn,ngParamelers M .. .... 

~ ~ Clock 100"lpul Delay 17+2+ 9,2 , 0 27 " 25 1.1 2,9 8 1,16 
(SeeFlg..orell t7_2_ 9,2 

17+3- 9,3 
17_3+ 9,3 

Sel 10 OulPuI Delay '5+2+ " (See Figure 21 15+3_ 5,3 
Resel IOOulpu! Delay 14+2- 4,2 

(See Figure 2) '4+3+ 4,3 
Output 

R'se Time '2+. 13. 2,3 09 27 1.0 2' 1.0 2,9 
Fall Time 12-.13- 2,3 05 21 0,6 '9 06 2,3 

(See Figure 21 

Set Up Time '5"1" 04 
(See Figure 3) 15"0" 05 

HOld Time IH"'" 03 
(See F'gure 31 'H"O" 05 

Toggle Frequency' I"" 270 300 270 MH, 
(See Figure 41 
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MC1670 (continued) 

Clock 
Input Pulse 
Generator 

Data 
Input Pulse 
Generator 

CLOCK DELAY WAVEFORMS 
@2s"C 

TPin Set 

TP out 

TP out a 

FIGURE l-PROPAGATION DELAY TEST CIRCUIT 

TPin Clock 

TPin Data 

TPout Q 

TPout a 

+2.0 Vdc 

20 llFI 

l O
.
1IlF 

-3.2 Vdc 

100 

Coax 

50 

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

TPout 

FIGURE 2 - SET·RESET DELAY WAVEFORMS@250C 

~-,--------- +1.11 V 

'-------- +0.31 V 

4·55 

+0.31 V 



MC1670 (continued) 

FIGURE 3 -SET UP AND HOLD TIME TEST CIRCUIT 

Input Pulse (O+--+-+----~ 
Generators 

(ol--~>---+-----'''' 0 

Open [: 

100 t 

+2.0 Vdc 

Q~----~ 

50 

l O.1 1'F 

-3.2 Vdc 

SET UP TIME WAVEFORMS@ 2s"C 

100 

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

,-----...... ------+1.11 V 

'------- +0.31 V 

TPin2 Clock 

+0.31 V 

TPout Q Output ~ \'---

HOLD TIME WAVEFORMS @ 250 C 

,..----+1.11 V 

"------',---- +0.31 V 

TPin2 Clock 

+0.31 V 

TPout QoutPut~ \'------'/ 
Set up time I, the minimum time before the positive transition of the clock pulse (C) that information mUlt 

be pr ... nt at the data (D) Input. 
Hold time I, the minimum tlma after the positive tranlitlon of the clock pulse (e) that information mUlt 

remain unchangad at the dna (D) input. 
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MC1670 (continued) 

Coax 

Sine-Wave Generator, 

VSias = 0.71 Vdc 

(Use High 
I mpedance Probe 
to Adjust VBias) 

FIGURE 4 - TOGGLE FREQUENCY TEST CI RCUIT 

+2.0 Vdc 

50 l o .... F 

al"'-----~ 

I o.1IlF 
50 

Coax 

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

'00 

de Supply -3.2 Vdc 

Clock Input 

300 
MHz-max 

aora 
Output 

FIGURE 5 - TOGGLE FREQUENCY WAVEFORMS 

TA = 2 SoC 

-+1.11V 

--- +0.71 VSias 

-+0.31 V 

-r 
600 mV min 

~ 

The maximum toggle frequency of the MC1670 
has been exceeded when either: 

1. The output peak-To-peak voltage swing falls below 
600 mill ivoln. 

OR 

2. The device ceases to toggle (divide bV two). 

FIGURE 6 - MAXIMUM TQGGLE FREQUENCY (TYPICAL) 
+1.050 
+1.000 

+0.950 
+-0.900 

'6 +0.850 
C +0.800 
~ +0.150 
~ +0.700 
~ +0.650 
1+0 .500 
ii +0.450 
> +0.400 

+0.350 
+0.300 
+0.250 

.75 

-

225 

......... ....... 
..... 

-

275 325 

fTog (MHz) 

-, 
T A = 2SoC 

Vee = +2.0 Vdc 
Vee ::< -3.2 Vdc 

'\ 
./ 

375 425 
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Figure 6 illustrates the variation in toggle frequency with the 
de offset voltage (VBia,) of the input clock ,ignal. VBia, i, defined 
by the test circuit in Figure 4, and waveform Figure 5. 

Figures 8 and 9 illustrate minimum clock pulse width recom· 
mended for reliable operation of the MC1670. 



MC1670(continued) 

FIGURE 7 - TYPICAL MAXIMUM TOGGLE FREQUENCY 
.ersus TEMPERATURE 

400 

1".000 
, - -350 

300 

250 

-30 o 25 50 85 

T A. AMBIENT TEMPERATURE (oC) 

FIGURE 8 - MINIMUM "DOWN TIME" TO CLOCK 
OUTPUT LOAD = 50 n 

I 

-- CJCK ;-... -.1 -
I 1\ V 

L j 1 
o or ~ i ..L J II 

r \J ~ 
10 ns/OIV 

FIGURE 9 - MINIMUM "UP TIME" TO CLOCK 
OUTPUT LOAD = 50 n 

V\ I _ 
a or a r--

.1 /' 

r I 
I y 

L f\ CLOCK 

1.0 ns/DIV. 
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MC1670 (continued) 

u 
u 
> 

N 
U 
U 
> 

<>----L 
~Cl 
--:.c'Cl 
=n 
----:"1-
~ 

~ 
A 
~ 

rO-IV-

y 
A-

~ 

Ir=7\ 
I-
W 
~ 
¥ 
A 

~ 

.fi.-
~ 
~ 
~ 

J 
r; u (/) C[ 0 

4·59 

A 

~,i 
~,L 

<.) 

i= « 
:t 
w 

¥ 
A 

x 
<.) 

w III 
w .... > :5 

<.) 
a: 
(3 
0 .... 
CD 

U 
:t 
I 

:;! 
w 

J 
a: 
::J 
t!l 

~\ 
u: 

'::,,L 

" 0 

"' 

" " 0 0 

"' "' 

" 0 

"' 
" 0 

"' 



(8) 

(9) 

(16) 

(10) 

(14) 

(11) 

(8) 

(9) 

(16) 

(10) 

(14) 

(11) 

TRIPLE 2-INPUT 
EXCLUSIVE-OR GATE 

MC1672 

POSITIVE LOGIC 

3~ S 8 2 (6) 

13~ 6 14 (2) 

1:~lS(3) 

X=AeS+Aes 

NEGATIVE LOGIC 

3~2(6) 
S B 

1:~14(2) 

1:~lS(3) 
X=AeB+Aes 

MECL III MC1600 series 

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 +850 C). Input pulldown resistors eliminate the 
need to tie unused inputs to VEE. 

vee l = Pin 1 (5) 

VCC2 == Pin 16 (4) 

VEE == Pin 8 (12) 

tpd == 1.1 ns typ (5l0-ohm load) 

== 1.3 os typ (50-ohm load) 

Po = 220 mW typ/pkg 

Full Load Current, IL = -25 mAde mal( 

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

VCC2 
16 (4) 

3 (8) 

2 (6) 

8 
(12) 

VEE 

CIRCUIT SCHEMATIC 

14 (2) 

13 (16) 

7( 11) 

11 (14) 

Vee, 
1 (S) 

(3) 

...... -+-1-<> 15 

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

S .. General 1 nformation section for packaging. 
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ELECTRICAL CHARACTERISTICS 

This MECL III circuit has been designed to 
meet the de 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 

8~_X.6 
9~ 

16~2 

~ 
F SUFFIX 

CERAMIC PACKAGE 
CASE 650 

TEST VOL TAGE VALUES 

(Volts) 

@l Tost 
Temperature VIHmax V'Lmin VIHAmin VILAmax 

-3O"c -0.875 -1.890 -1.180 -1.515 

+25"c -0.810 -1.850 -1.095 -1.485 

+85"c -0.700 -1.830 -1.025 -1.440 

Pin 
MC 1672F To.t Limits TEST VOLTAGE APPLIED TO 

Under -30"c +25"c +85"c PINS LISTED BELOW 

Characteristic Symbol Test Min Max Min Max Min Max Unit V,Hmax V'Lmin VIHAmin V,LAmax 

Power Supply Drain Current IE 12 - - - 55 - - mAde All Inputs - - -
Input Current linH 8,14,16 - - - 350 - - "Adc . - - -

0.75 linH 9,10,11 - - - 270 - - "Adc . - - -

linL . - - 0.5 - - - "Adc - . - -
Logic "1" Output Voltage VOH 6 -1.045 -0.875 -0.960 -0.810 -0.890 -0.700 Vdc 8 9 - -

6 -1.045 -0.875 -0.960 -0.810 -0.890 -0.700 Vdc 9 8 - -
Logic "0" Output Voltage VOL 6 -1.890 -1.650 -1.850 -1.620 -1.830 -1.575 Vdc 8,9 - - -

6 -1.890 -1.650 -1.850 -1.620 -1.830 -1.575 Vdc - 8,9 - -
Logic "I" Threshold Voltage VOHA 6 -1.065 - -0.980 - -0.910 - Vdc - - 8 9 

6 -1.065 - -0.980 - -0.910 - Vdc - - 9 8 
Logic "0" Threshold Voltage VOLA 6 - -1.630 - -1.600 - -1.555 Vdc - - 8,9 -

6 - -1.630 - -1.600 - -1.555 Vdc - - - 8,9 

Switching Times (50 n Load) Pulse In Pulse Out 
Propagation Delay '8+6+ 6 - 2.0 - 1.8 - 2.3 ns - - 8 6 

t8-6+ 

j 
- 2.0 - 1.8 - 2.3 

j 
- -

+ j 
'8+6- - 2.1 - 1.9 - 2.4 - -
t8-6- - 2.1 - 1.9 - 2.4 - -
t9+6+ - 2.5 - 2.3 - 2.8 - - 9 
t9-6+ -

+ 
-

+ 
-

+ 
- -

+ 
'9+6- - - - - -
t9-6- - - - - -

Rise Time t6+ 6 - 2.7 - 2.5 - 2.9 ns - - 8 6 
Fall Time '6_ 6 - 2.4 - 2.2 - 2.6 ns - - 8 6 

-Individually test each input applving V I H or V IL to input under test. 

VEE 

-5.2 

-5.2 

-5.2 

(Vce) 
VEE Gnd 

12 4,5 

12 4,5 

12 4,5 

12 4,5 

12 4,5 
12 4,5 

12 4,5 
12 4,5 

12 4,5 
12 4,5 

12 4,5 
12 4,5 

12 4,5 

j j 
12 4,5 

12 4,5 

3: 
C') ... 
~ 
I\) 

8 
::I 
~ 

::I 
c: 
a 
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ELECTRICAL CHARACTERISTICS 

This MECL III circuit has been designed to 
meet the de specifications shown in the 
test table, after thermal equilibrium has 
been established. The package should be 
housed in a suitable heat sink IIERC·LlC-
214A2WCB or equivalent) or a transverse 
airflow 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. 

Characteristic 

Power Supply Drain Current 

Input Current 

LogIC "'" 
Output Voltage 

Logic "0" 
Output Voltage 

Logic "'" 
Thremold Voltage 

Logic "0" 
Threshold Voltage 

SWltchmg Tunes (50 n LoatU 

PropagatIon Delay 

A.seTlme 

Fall Time 

Symbol 

" 

I.., H 

0.751.., H 

'mL 

VOH 

VOL 

VOHA 

VOLA 

t3+2+ 
t3-2+ 
t3+2_ 
t3-2_ 
t5+2+ 
t5_2+ 
t5+2_ 
t5_2_ 

'2+ 

'2_ 

Pin 
Und_ 
T ... 

8 

3,11.13 

5.6,7 

"IndivtduaUy test each input applying VIH or V,L to input under test. 

3~2 
5~ 

1:~14 

1~~15 

"T ... 
Temper.lure 

-JO"c 
+25oC 

+8Sac 

MC1672L Tnt limits 

-JO"c +25o C +8SOc 

Min M .. Min M .. Min M .. Unit 

•• mAde 

350 J.lAde 

270 ,.Ad, 

0.' /.lAde 

-1.045 -0.875 -0.960 -0.810 -0.890 -0.700 Vd, 
·".045 -0.875 -0.960 -0.810 -0.890 -0.700 Vd, 

-1.890 -'.650 -1.850 -1.620 -1.830 -1.575 Vd, 
·1.890 -1.650 -1.850 -1.620 -1.830 -1.575 Vd, 

-1.065 -0.980 -0.910 Vd, 
-1.065 -0.980 -0.910 Vd, 

-1.630 -1.600 -1.555 Vd, 
-1.630 -1.600 -1.555 Vd, 

Min M .. Min M .. Min Max 

2.0 1 .• 2.3 "' 2.0 1 .• 2.3 

j 
2.1 1.9 2.' 
2.1 1.9 2' 
2.' 2.3 2.8 

+ + + 
2.7 2.' 2.9 

2.' 2.2 2 .• 

-LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

TEST VOLTAGE VALUES 

(Volts) 

VIHmu Vllmin VIHA min I VILA tUX 

-0.875 -1.890 -1.180 -1.515 

-0.810 -1.850 -1.095 -1.485 
-0.700 -1.830 -1.025 -1.440 

1 VEe 

-5.2 

-5.2 

-5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 

VIHmu VILmin VIHA min VILA IMX VEE 

All Inputs • 

3,' 
3,' 

3,' 
3,' 

Pul.ln Pul.Out -3.2 V 

3 2 • 
+ j j • 
+ 

(Vee l 
Gnd 

1,16 

1,16 

1,16 

1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

+2.0 V 

1,16 

j 
1.16 

1,16 

s: 
(') 
...a 

~ 
N 

8 
::J .... 
::J 
C a 



MC1672 (continued) 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS@25"<: 

Vin to Channal "A" 

Coax 

Input 50 

Pulse Generator 

+0.31V=:J 
+1.11 V 

<D Apply Vin to input A 

and +0.31 V to input B 

@ Apply Vin to input A 

and +1.11 V to input B 

100 

Coax 

50 

100 

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

r-------, 
I I 

~ 
~ 

~ 
~ 

I I L _______ J 

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

PROPAGATION DELAY 

,----- +1.11 V 

-----+0.31 V 

(j) 
V out 

@ 
V out 

4-63 

V out to Channel "8" 

Coax 

50 

100 
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18) 

(9) 

116) 

110) 

114) 

111) 

18) 

(9) 

116) 

110) 

114) 

111) 

TRIPLE 2-INPUT 
EXCLUSIVE-NOR GATE 

MC1674 

POSITIVE LOGIC 

3 
2 (6) 

5 B 

13~ 6 1412) 

1:~15(3) 

X=AeS+A8e 

NEGATIVE LOGIC 

3~ 
5 B 

2 (6) 

13~ 6 14 (2) 

11~ 7 1513) 

X""AeS+A8S 

M£CL III MC1600 series 

This three gate array is designed to provide the positive 
logic Exclusive-NOR 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 
(-300 to +850 C). Input pulldown resistors eliminate the 
need to tie unused inputs to VEE. 

VCCI = Pin 1 15) 

VCC2 = Pin 16 (4) 

VEE = Pin 8 112) 

lpd'" 1.1 ns typ (510-ohm load) 

'" 1.3 ns typ (50-ohm load) 

PO'" 220 mW typ/pkg 

Full Load Current, I L :::: -25 mAde max 

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

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

VCC2 
1614) 

3 (8) 

2 16) 

8 
112) 

VEE 

CIRCUIT SCHEMATIC 

1412) 

13116) 

7111) 
veel 
115) 

t----TIi.~l-+~(3) 

11114) 

15 

Number at end of terminal denotes pin number for L package (Ca .. 620). 

Number In parenth.,I. denot •• pin number for F package (Ca" 650). 

s .. GeMr.' Information .. ction for packaging. 

4-64 
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ELECTRICAL CHARACTERISTICS 

This MECl 111 circuit has been designed to 
meet the de 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 informat; m 

tion for camolete thermal data 

8~X 
9~6 

'6~ 
'O~2 

'4~3 
11 

~ 
F SUFFIX 

CERAMIC PACKAGE 
CASE 650 

TEST VOLTAGE VALUES 

(Volts) 

@ Te" 
Temperature VIHmax VILmin VIHAmin VILAmex 

-30"1: -0.875 -1.890 -1.180 -1.515 

+25"1: -0.810 -1.850 -1.095 -1.485 

+85"1: -0.700 -1.830 -1.025 -1.440 

MC1674F Test Limits TEST VOL TAGE APPLIED TO Pin 
Under -30"1: +25"1: +85"1: PINS LISTED BELOW 

Characteristic Symbol Test Min Max Min Max Min Max Unit VIHmax VILmin VIHAmin VILAmax 

Power Supply Drain Current Ie 12 - - - 55 - - mAde All Inputs - - -
Input Current linH 8.14,16 - - - 350 - - !lAde . - - -

0. 751 inH 9,10.11 - - - 270 - - uAde . - - -
linL . - - 0.5 - - - !lAde - . - -

Logie "1" Output Voltage VOH 6 -1.045 -0.875 -0.960 -0.810 -0.890 -0.700 Vde 8,9 - -
6 -1.045 -0.875 -0.960 -0.810 -0.890 -0.700 Vde - 8,9 - -

Logic "0" Output Voltage VOL 6 -1.890 -1.650 -1.850 -1.620 -1.830 -1.575 Vde 8 9 - -
6 -1.890 -1.650 -1.850 -1.620 -1.830 -1.575 Vde 9 8 - -

Logie "1" Threshold Voltage VOHA 6 -1.065 - -0.980 - -0.910 - Vde - - 8,9 
6 -1.065 - -0.980 - -0.910 - Vde - - - 8,9 

Logic ··0·' Threshold Voltage VOLA 6 - -1.630 - -1.600 - -1.555 Vde - - 8 9 
6 - -1.630 - -1.600 - -1.555 Vde - - 9 8 

Switching Times (50 n Load) Pulse In Pulse Out 
Propagation Delay '8+6+ 6 - 2.0 - 1.8 - 2.3 ns - - 8 6 

t8-6+ 

j 
- 2.0 - 1.8 - 2.3 

j 
- -

• I t8+6- - 2.1 - 1.9 - 2.4 - -
t8-6- - 2.1 - 1.9 - 2.4 - -
'9+6+ - 2.5 - 2.3 - 2.8 - - 9 
'9-6+ 

~ 
-

• 
-

• 
- -

~ t9+6- - - - - -
'9-6- - - - - -

Rise Time t6+ 6 - 2.7 - 2.5 - 2.9 ns - - 8 6 
Fall Time t6- 6 - 2.4 - 2.2 

L---. 
- 2.6 ns - - 8 6 

-Individually test each input applying VIH or VIL to input under test. 

VEE 

-5.2 

-5.2 

-5.2 

VEE 

12 

12 

12 

12 

12 
12 

12 
12 

12 
12 

12 
12 

12 

I 
12 

12 

(Vee) 
Gnd 

4,5 

4,5 

4,5 

4,5 

4,5 
4,5 

4,5 
4.5 

4,5 
4,5 

4,5 
4,5 

4,5 

I 
4,5 

4.5 

s: 
(') ..... 
~ 
J:o, 

8 
:J .... 
3· 
c 
~ 
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ELECTRICAL CHARACTERISTICS 
This MECL III circuit has been designed to 
meet the de specifications shown in the 
test table, after thermal equilibrium has 
been established. The package should be 
housed in a suitable heat sink (lERC-LlC-
214A2W'CB 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 

3~X2 
5~ 

13~ 14 

15 

~ .. i .. "f?1~~:(~' : 
L SUFFIX 

CERAMIC PACKAGE 
CASE 620 

TEST VOL TAGE VALUES 

(Volts) 

@Test 
Temperature VIHrnax VILmin VIHAmin VILAmax 

-30"1: -0.875 -1.890 -1.180 -1.515 

+25"1: -0.810 -1.850 -1.095 -1.485 

+85"1: -0.700 -1.830 -1.025 -1.440 

Pin 
MC1674L Test Limits TEST VOL TAGE APPLIED TO 

Under -30"1: +25"1: +85"1: PINS LISTED BELOW 

Characteristic Symbol Test Min Max Min Max Min Max Unit VIHmax VILmin VIHAmin VILAmax 

Power Supply Drain Current 'E 8 - - - 55 - - mAde All Inputs - - -
Input Current 'inH 3,11,13 - - - 350 - - /JAdc . - - -

0. 751 inH 5,6,7 - - - 270 - - uAde . - - -

linL . 0.5 ,u.Ade . 
Logic "1" Output Voltage VOH</> 2 -1.045 -0.875 -0.960 -0.810 -0.890 -0.700 Vdc 3,5 - -

2 -1.045 -0.875 -0.960 -0.810 -0.890 -0.700 Vdc 3,5 - -
Logic "0" Output Voltage VOL</> 2 -1.890 -1.650 -1.850 -1.620 -1.830 -1.575 Vdc 3 5 - -

2 -1.890 -1.650 -1.850 -1.620 -1.830 -1.575 Vdc 5 3 - -
Logic "I" Threshold Vol.age VOHA</> 2 -1.065 - -0.980 - -0.910 - Vdc - - 3,5 

2 -1.065 - -0.980 - -0.910 - Vdc - - - 3,5 

Logic "0" Threshold Vol.age VOLA</> 2 - -1.630 - -1.600 - -1.555 Vdc - - 3 5 
2 - -1.630 - -1.600 - -1.555 Vdc - - 5 3 

Swi'ching Times (50 n Load) Pulse In Pulse Out 
Propagation Delay '3+2+ 2 - 2.0 - 1.8 - 2.3 ns - - 3 2 

'3-2+ 2 - 2.0 - 1.8 - 2.3 

j 
- -

+ j 
'3t2- 2 - 2.1 - 1.9 - 2.4 - -
'3-2- 2 - 2.1 - 1.9 - 2.4 - -
'5+2+ 2 - 2.5 - 2.3 - 2.8 - - 5 
'5-2+ 2 -

+ 
-

+ 
-

+ 
- -

+ '5+2- 2 - - - - -
'5-2_ 2 - - - - -

Rise Time '6+ 2 - 2.7 - 2.5 - 2.9 ns - - 3 2 

Fall Time '6_ 2 - 2.4 - 2.2 - 2.6 ns - - 3 2 

-Individually test each input applying VIH or V,L to input under test. 

VEE 

-5.2 

-5.2 

-5.2 

VEE 

B 
8 

8 

8 

8 
8 

8 
B 
B 
8 

8 
8 

8 

j 
B 

8 

(VCC) 
Gnd 

1,16 

1,16 

1,16 

1,16 
1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 

j 
1,16 

1,16 

s: 
n 
~ 

~ 
~ 

8 
~, 
::J 
c: a 



MC1674 (continued) 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS@ 25°C 

t+ = t- = 1.5 ±. 0.2 ns 

Input 
Pulse Generator 

+1.11V~i 

+0.31 V o----J 
(i) Apply Vin to input A 

and +1.11 V to input B 

@ Apply Vin to input A 

and +0.31 V to input B 

Vin to Channal "A" 

Coax 

50 

100 

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

,- - - ---, 
I 1 
~ 
~ 

~ 
~ 
~ 

1 I L _____ ...J 

Unused outputs connected to 8 50-ohm resistor to ground. 

PROPAGATION DELAY 

J,-----+1.11 V 

-,.::.=::.........:."1------ +0.31 V 

@ 
V out 

4-67 

V out to Channel "e" 

Coax 

50 

100 



02 

Cl 

C2 

s 

R 

BI-QUINARY COUNTER 

MC1678 

DC Input Loading Factor A = 2.40 

C1 '" 0.77 
C2=1.23 

5 = 1.00 

DC Output Loading Factor == 70 

Power Dissipation == 750 mW typ 

fTog = 350 MHz typ 

SO 14 00 13 

Clock 15 Cl 
R 

MECL III MC1600 series 

The MC1678 is a four-bit counter capable of divide­
by-two, divide-by-five, or divide-by-lO functions_ When 
used independently, the divide-by-two section will toggle 
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
chronous "set" or "clear". I ndividual Set and common 
Reset inputs are provided, as well as complementary out­
puts for the first and fourth bits. True outputs are avai lable 
at all bits. 

S1 10 Q1 11 52 3 02 4 53 7 03 6 

Reset 9 o----l---L-t==t===!~~==:;t====~~-J 

50 50 
k k 

100 

0.0 12 2 C2 

K 
125 

CIRCUIT SCHEMATIC 
1/4 OF CIRCUIT SHOWN 

~ 100 300 

I~~~ ---x- 1:r~:t-
~>-

H:: 

-<~~r< 
60 

I--I-- 1235 

~ 'r 
~ ~ H:: 

50 50 50 50 
(,05 k k k k 560 1.3 k 1.3 k 675 325 

bV EE 

03 5 

100 I 100 J 
K l., ,)"" 

~ "" 
~ ~~ 

Q i5 

~ ~ 
~ 

675 50 1.5 k 1 k 1 k 1.5 k 

See General I nformation section for peckaging. 
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MC1678 (continued) 

BCD 
(Clock connected to C1 

and 0.0 connected to C2) 

COUNT ao a1 a2 
0 L L L 
1 H L L 
2 L H L 
3 H H L 

4 L L H 
5 H L H 
6 L H H 
7 H H H 

8 L L L 
9 H L L 

a3 
L 
L 
L 
L 

L 
L 
L 
L 

H 
H 

COUNTER TRUTH TABLES 

BI-QUINARY 
(Clock connected to C2 

and 53 connected to C 1 ) 

COUNT a1 a2 03 
0 L L L 
1 H L L 
2 L H L 
3 H H L 

4 L L H 
5 L L L 
6 H L L 
7 L H L 

8 H H L 
9 L L H 

00 
L 
L 
L 
L 

L 
H 
H 
H 

H 
H 

COUNTER STATE DIAGRAM - POSITIVE LOGIC 

R-S 

C R 

¢ L 
¢ H 

¢ L 
¢ H 

¢ '" Don't Care 
NO:::: Not Defined 

5 

L 

L 
H 

H 

Clock connected to C2 ao connected to C2 

o 

FIGURE 1 - TOGGLE FREOUENCY TEST CIRCUIT 

Coax 

Clock Input 

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

50 

100 

0,., I 

+2.0 Vdc -3.2 Vdc 

15 
C1 00 

C2 03 
14 

50 
10 

51 
3 

52 

53 50 

R 03 
01 02 

11 4 

Open 
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Coax Coax 

50 50 

100 

100 

a,,+1 

an 
H 

H 

NO 



ELECTRICAL CHARACTERISTICS s: 
This MECL III circuit has been designed to test socket or is mounted on a printed --"""" 0 
meet the de specifications shown in the circuit board. Test procedures are shown ~ 

test table, after thermal equilibrium has for selected inputs and selected outputs. CERAMIC PACKAGE 0) 
been established. The package should be The other inputs and outputs are tested in CASE 620 '" housed in a suitable heat sink (I ERC·LlC- a similar manner. Outputs are tested with 00 
214A2WCB or equivalent) or a transverse a 5O-<)hm resistor to -2.0 Vdc. See general TEST VOLTAGE VALUES n 
airflow greater than 500 linear fpm should information section for complete thermal @T ... 0 

vlHmu vilmin vlHAmin VILAlNx vEE ::J be maintained while the circuit is either in a data. Temper.tur. ... 
_lODe -0.-875 -1.890 -1.180 -1.515 -5.2 

::J 
+2Soc -0.810 -".850 -1.095 -1.485 -5.2 c: 
+8SoC -0.700 -1.830 -1.025 -1.440 -5.2 

(!) 

Co 

Pin 
MC1678l Test limits 

-lOoe +2SoC +8SoC TEST VOL TAGE APPLIED TO PINS LISTED BELOW: 
Un.r· 

ChI,.cterittic I Symbo' I T ... Min M .. Min M .. Min M .. Unit VIHmlllIl Vllmin VIHAmin VllAmillil VEE Gnd 

Power Supply Drain Current 'E 200 mAde 8 1.16 

Input Current I I,n H I 9 1.00 mAde 9 8 1.16 
2 0.70 

+ 
2 

+ + 
15 0.45 15 

3,7,10,14 0.45 

lin L I 9 0.5 /oIAdc 8 1,16 
2 05 + + , 3,7,10,14,15 0.5 

Logic "1" VOH 5,12 ~ -1.045 -0.875 -0.960 -0.810 -0.890 -0.700 Vd, 3.7.10,14 1,16 
Output Voltage 4,6,11,'3 -1.045 -0.875 -0.960 -0.810 -0.890 -0700 Vd, 9 116 

Logic "0" VOL 5,12 ~ -, .890 -1.650 -1.850 -1.620 -1.830 -1 575 Vd, 9 1,16 
Output Voltage 4,6,11,13 1 -1.890 -1.650 -1.850 -1.620 -1.830 -1.575 Vd, 3,7,10,14 1 16 

.jOo r logic "1" VOHA 5,12 ~ -1.065 -0.980 -0.910 Vd, 3.7,10,14 1,16 

.:...t Threshold Voltage 6,8,11,134 -1.065 -0.980 -0.910 Vd, 9 1 16 

0 r l'1h~~~~ld Voltage 
VOLA 5,12 @ -1.630 -1600 -I 555 Vd, 1,1'6 

4,6,13,16 Q) -1.630 -1.600 -1.555 Vd, 3,7,10,14 1,16 
AC C .. ,uteristics Pulse In Pulte Out -3.2Vde +2.0Vde 

Clock Delays t15+12+ 12 10 29 10 2.7 1.0 3.1 15 12 8 1,16 
50 n Loads 115+13+ 13 

! 
2.9 

! 
2.7 

! 
3.1 

1 
15 13 

! t t2+11+ " 3.2 30 3.4 2 " t2+4+ 4 

• + + 
2 

12+6+ 6 2 
t2+5+ 5 

115+12- 12 1.0 29 1.0 2.7 1.0 31 n, 15 12 8 1.16 
'15+13- 13 

! 
2.9 

! 
2.7 

1 
31 

1 
15 13 

t 1 
13+11- " 3.2 3.0 3.4 2 " t2+4_ 4 

+ + + 
2 4 

t2+6- 6 2 6 
12+5- 5 2 5 

Set Delay 114+13+ 13 2.0 3.9 2.0 3.7 2.0 41 14 13 1,16 
114+12_ 12 2.0 3.9 2.0 3.7 2.0 41 14 12 1,16 

Reset Delay t9+12+ 12 2.0 3.9 2.0 3.7 2.0 4.1 9 12 1,16 
19+13_ 13 2.0 3.9 20 3.7 2.0 4.1 9 13 1,16 

AiseTime t13+ 13 1.0 2.9 1.0 2.7 1.0 3.1 15 13 1.16 
'12+ 12 1.0 2.9 1.0 2.7 10 3.1 15 12 1,16 

Fall Time t13- 13 1.0 2.8 10 2.6 1.0 30 15 13 1,16 
112_ 12 1.0 2.8 10 2.6 1.0 3.0 15 12 1,16 

M8lIimum Toggle Frequency 't 13 @ 260 300 260 MH, 1,16 
50 n load 't 6 @ 250 275 250 MH, 1,16 

-Individually apply VIH or Vll to mput under test. 

ill Reset all four flip, flops by applymg PA to pin 9. 

@ Set all four fllp.flops by applYing PA 10 pins 3, 7, 10, @) Set all four fllp·flops by applYing PA 10 pms 3. 7, 10, 
and 14 Simultaneously. and 14 simultaneously. PA~ 

@ Reset all four flip-flops by applYing PA, to pin 9. ® See Figure 1 for toggle lesl circuit VIL 



MC1678(continued) 

1/2 MC1662 Clock 
15 

APPLICATIONS INFORMATION 

With the addition of a single gate package, the Me 1678 wi II 
count in a fully synchronous mode, as shown below. 

50 14 00 13 S1 10 01 11 52 3 02 4 

»-----o--iC1 
R 

53 7 

Reset 9 o----JL---J--1=====t======~~::::t:::::::~--~ 
Cio 12 2 C2 
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DUAL 4-5-INPUT 
OR/NOR GATE 

MC1688 

MECL III MC1600 series 

Advance InforIllation 

POSITIVE LOGIC 

9 7 8~ 
10 6 

11 

14 
2 13~ 

15 3 

16 

1 

VCC1 ~ 4 
VCC2 = 5 

VEE = 12 

OR 6 o---t----

NOR 7 

8 10 11 

NEGATIVE LOGIC 

8¥ 9 7 

10 6 

11 

13~ 14 2 

15 
3 

16 

1 

CIRCUIT SCHEMATIC 

4 

This is advance information and specifications are subject to change without notice. 
See General I nformation section for packaging. 

4-72 

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. 

13 

tpd "" 0.8 ns typ 

Po = 125 mW tvp/pkg (No Load) 
Output Rise and Fall Times 

(10% to 90%) 1.7 ns 
(20% to 80%) 1.1 ns 

------+--<l 3 OR 

2 NOR 

14 15 16 



f" 
-...J 
W 

Each MECL III series circuit has been 
designed to meet the de 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 ooard and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to 
-2.0 volts. Test procedures are shown for 
only one input and one output. The other 
inputs and outputs are tested in the same 
manner. 

Pin 

I Symbol 
Undo< 

Characteristic To" 
Power Su pply Orai n Current IE 12 

Input Current L linH 8 

I;n 8 

High Output Voltage VOH 6 
7 

Low Output Voltage VOL 6 
7 

High Threshold Voltage VOHA 6 
7 

Low Threshold Voltage VOLA 6 
7 

Switching Times 
(50-ohm load) 

Propagation Delay t8+7_ 7 
t8_7+ 7 
t8+6+ 6 
'8-6- 6 

Rise Time 

I 
'7+ 7 

(20'080%11(10'090%) '6+ 6 

Fall Time '7_ 7 
(20'080%11(10'090%) '6_ 6 

8§=t= 9 7 

10 6 

11 

13~ 14 
15 2 

3 
16 

1 

MCI688F Test Limits 
-:lO°C +25oC 

Min Max Min Typ Max 

- - - 24 30 

- - - - 350 

- - 0.5 - -
-1.045 -0.875 -0.960 - -0.810 
-1.045 -0.875 -0.960 - -0.810 

-1.890 -'-650 -1.850 - -1.620 
-1.890 -1.650 -1.850 - -'-620 
-1.065 - -0.980 - -
-1.065 - -0.980 - -

- -1.630 - - -1.600 
- -1.630 - - -'-600 

- - - 0.8 -
- - - j -
- - - -
- - - -
- - - 1.111.7 
- - -

! - - -
- - -

@To" 
Temperature 

-:lO°C 
+25oC 

+8SoC 

+85oC 

Min Max Unit 

- - mAde 

- - #lAde 

- - }.LAde 

-0.890 -0.700 Vdc 
-0.890 -0.700 Vdc 

-1.830 -1.575 Vdc 
-1.830 -1.575 Vdc 

-0.910 - Vdc 
-0.910 - Vdc 

- -'-555 Vdc 
- -'-555 Vdc 

- - ns 
- -

I 
- -
- -

VIH max 

-0.875 

-0.810 

-0.700 

~ 
F SUFFIX 

CERAMIC PACKAGE 
CASE 650 

TEST VOLTAGE VALUES 

(Volt,) 

VILmin VIHAmin VILAmax VEE 

-1.890 -1.180 -1.515 -5.2 

-1.850 -1.095 -1.485 -5.2 

-1.830 -1.025 -'-440 -5.2 

TEST VOLTAGE APPLIED TO PINS BELOW 

VIHmax VILmin VIHAmin 1.\ LA max VEE 
- - - - 12 

8 - - - 12 

- 8 - - 12 

8 - - - 12 
- 8 - - 12 

- 8 - - 12 
8 - - - 12 

- - 8 - 12 
- - - 8 12 

- - - 8 12 
- - 8 - 12 

Pulse In Pulse Out -3.2 V 

- - 8 7 12 
- -

I 
7 

- - 6 
- - 6 

(VCC) 
Gnd 

4.5 

4.5 

4.5 

4.5 
4.5 

4.5 
4.5 

4.5 
4.5 

4.5 
4.5 

+2.0 V 

4.5 

3: o ... 
(7) 
CO 
CO 

8 
:J 
~. 
:J 
c: 
(I) 

a. 



MC1688 (continued) 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @2S0C 

Vin Veel = VCC2 
To Channel "A" +2.0 Vdc 

Input Pulse I 
t+ '" t- = 1.0 ±O.2 ns 

120 to 80%1 

50-ohm termination to 
ground located In each 
~I,· 

scope channel input I 

All input and outpu·, c'ble~: :e-~--
scope are equal lengths of 50-ohm 0 1 F 
coaxial cable. Wire length should I' /.l 
be < 1/4 inch from TPin to input -= 
pin and TP out to output pin. 

VEE == -3.2 Vdc 

V out 
NOR 

To 
Channel 

"B" 

V out 
OR 

Unused outputs connected to 
a 50-ohm reSistor to ground 

PROPAGATION DELAY 

V out OR 

V out NOR 
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UHF PRESCALER 
TYPE 0 FLlP·FLOP 

MC1690 

MECL III MC1600 series 

Advance InforIllation 

Po = 200 mW typ!pkg (No Load) 

ftog = 500 MHz min 

(11) 7 Cl 

(14) 9 C2 

(IS) 11 01 

(16) 1202 

POSITIVE LOGIC 

2 (6) 

3 (7) 

The MC1690 is a high speed D master·slave 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 0 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. 

vee1 = Pin 1 (5) 
VCC2 ~ Pin 16 (4) 
VEE = Pin 8 (12) 

(11) 7 Cl 

(14) 9 <:2 

(IS) 11 01 

(16) 12 02 

NEGATIVE LOGIC 

2 (6) 

3 (7) 

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

TIMING DIAGRAM 
TRUTH TABLE 

C 

L 

H ----C = Cl + C2 
0~01+02 

D On+1 

'" On 

'" 
On 

L L 

H H 

4J = Don't Care 

This is advance information and specifications are subject to change without notics. 
See General Information section for packaging. 
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ELECTRICAL CHARACTERISTICS 

This MECL III circuit has been designed to 
meet the de specifications shown in the 
test table, after thermal equilibrium ha~ 

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. 

Pin 

Characteristic Symbol 
Under I 
Test 

Power Supply Dram Current 'E 12 
Input Current IlnH 11 

15 

ImL 11 
15 

LogiC "'" 
Output Voltage VOH 

Logic "0" 
Output Voltage VOL 

Logic "1" 
Threshold Voltage VOHA 

LogiC "0" 
Threshold Voltage VOLA 

SWitching Parameters 

Clock to OulPut Delao; tll +6+ 
(See Figure 1) t14+6+ 

Output 
Rise Time .' 

j 
Fall Time .-

Setup Time 'setup H 
(See Figure 2) lsetup L 

Hold Time thold H 
(See Figure 21 thold L 

T~rt!: ~;;~e3)Y f tog 

p~VIHm.ax 
VILmm 

P.:.JLVIHA min 

VILA max 

l1Cl 

14 C2 

1501~ 
6""""-7 

16 D2~L' ___ -' @Test 

Temperature 

-30Ge 
+2SoC 

+8SoC 

CERAMIC PACKAGE 

CASE 650 

TEST VOL TAGE VALUES 

Volts 

VIH max IVIL min I VIHA min VILA mal( VEE 

-0.875 , -1.8901 -1.180 -1.515 -52 

-0.8101 - 1 .850 1 -1.095 -1.485 -5.2 

-0700 I -1.830 r -1.025 -1.440 -5.2 

TEST VOL TAGE APPLIED TO PINS LISTED BElOW, 
-JO"e 

MC1690F Test Limits 

+2SoC +8SoC 

Min 
, 

Max Min I Ma. 

59 

25ii 
270 

05 
0.5 

-1.045 -0.875 -0.960 -0.810 

-1.890 -1650 -1.850 -1.620 

-1.065 -0.980 

.. -1.630 -1.600 

I M;n I lye -1 Ma. 
- 1.5 
- 1.5 

1.3 
1.3 

0.3 
0.3 

0.2 
0.3 

500 500 550 , 

Min Ma. 

-0.890 -0.700 

-1830 -1.575 

-0.910 

-1.555 

, 500 

Unit IVIH max IVll max I VIHA min 

mAdc r11,14,'5,lE 

.uAde I 11 

.uAde 15 

.u Ade 

.uAde 

Vdc 

Vdc 

Vdc 

Vdc 

I MHz 

15 

15 

11 
15 

15 

15 

VILA max VEE 
12 

12 
12 

12 
12 

12 

12 

12 

12 

Pl 

11 

11 

,-3.2 Vdc 

12 ,-

12 

P2 

11 

11 

1Veel 
Gnd 

4.5 

4.5 
4,5 

4.5 
4.5 

4.5 

4,5 

4,5 

4.5 

I +2.0 Vdc 

- 4.5 

4.5 

s: 
("') .... 
0) 
to o 
(") 

o 
::J 
!:!. 
::J 
C 

~ 



ELECTRICAL CHARACTERISTICS 

This MECL III circuit has been designed to 
meet the de specifications shown in the 
test table. after thermal equilibrium has 
been established. The package should be 
housed in a suitable heat sink OEAC-LlC-
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 5O~hm resistor to -2.0 Vdc. See general 
information section for complete thermal 
data. 

7 Cl 

9 C2 

11D1~ 

12D2~ 
Q~3 

LI ___ _ @Test 

Temperature 

_lOGe 

+2SoC 

+850 C 

VIH max 

-0.875 
-0.810 

0.700 

.' I- ,: 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

TEST VOLTAGE VALUES 

Volts 

Vil min VIHA min VILA max Vee 

-1.890 -1.180 -1.515 -5.2 

-1.850 -1.095 -1485 -5.2 

-1.830 -1.025 -1.440 -5.2 

MC1690l Test limits ITEST VOL TAGE APPLIED TO PINS LISTED BELOW: 
+2SoC I +8SoC 

Min I Ma. Min Ma. Unit VIH max Vil minJ VIHA min I VILA max~ VE 
59 - mAde 7,9,11,12 1 I I 8 

250 - - pAdc 7 - 1 -- I 1 8 
270 - - ,uAdc 11 - - 8 

0.5 
I 

- - - pAdc - 7 
05 - - - JJAde - 11 

logic "'" 
Output Voltage VOH 2 -1.045 -0.875 -0.960 -0810 -0.890 -0.700 Vdc I 11 

Logic "0" 
Output Voltage VOL 2 -1.890 -1.650 -1.850 -1.620 -1.830 -1.575 Vdc I 11 

Logic "'" 
Threshold Voltage VOHA 2 -1.065 - -0.980 - -0.910 Vdc 11 

logic "0" 

I Threshold Voltage VOLA 2 - -1.630 - -1.600 -1.555 Vdc - 11 

SWitching Parameters Min I Typ I Max I 1-3.2 Vdc 
Clock to OutPUt Delay 

(See Figure 1) 17+2+ 2 - -
- 1 1.5 

'9+2+ 

j 
- - - 1.5 

Output 
Rise Time t+ - - - 1.3 
Fall Time t- - - - 1.3 

Setup Time .... upH - - - 0.3 
(See Figure 2) .... upL - - - 0.3 

Hold Time 1IIoid H - - - 0.2 
(See Figure 2) 'hold L - - - 0.3 

Toggle Frequency ftog 2 500 500 540 I I 500 I I MHz 
(See Figure 3) 

P:.JL" VIH max 

VIL min 

p~VIHAmin 

VILA max 

1Vee) 
PlIP~ 

1,16 

1.16 
1.16 

1,16 
1.16 

1.16 

1,16 

1.16 

1.16 

I +2.0 Vdc 

1,16 

1,16 

~ 
(") 
...... 
0) 
(0 

5? 
() 

o 
::J 
~ 

S· 
c:: 
CD 
Cl. 



MC1690 (continued) 

FIGURE 1 - PROPAGATION DELAY TEST CIRCUIT 

Clock 
Input Pulse 
Generator 

Data 

TPin 
D 

Input Pulse lO-t------""--O 
Generator 

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

Clock 

Data 

o 

50% 

-it+-~ 

VCC, = VCC2 
+2.0 Vdc 

Coax 

----, TP out 

............. .------... ,-------, I \ 
o 

-3.2 Vdc 

V out 

CLOCK DELAY WAVEFORMS@ 25°C 

4-78 

Coax 

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

+0.31 V 



MC1690 (continued) 

FIGURE 2 - SETUP AND HOLD TIME TEST CIRCUIT 

Input Pulse 
Generators 

Data 

Coax 

TPin 

TP in 

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

Clock 

QoutPut~ 

Clock 

QoutPut~ 

Vee, ~ Vee2 ~ 
+2.0 Vdc V out 

Coax 

50' 

TPout 

Q~~ __ --.JI 

0""",""+---, 

50 

SETUP TIME WAVEFORMS@ 25°C 

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

-Non-inductive type. 

,...------, -------+,." V 

'------ +0.3' V 

+0.31 V 

\'-----

HOLD TIME WAVEFORMS@ 2SoC 

,.----+1.11 V 

'-----../------ +0.31 V 

+0.31 V 

\'----~/ 
Setup time is the minimum time before the positive transition of the clock pulse (e) that information must 

be present 8t the data (D) input. 
Hold time is the minimum time after the positive transition of the clock pulse (e) that information mUlt 

remain unchanged at the data (D) input. 
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MC1690(continued) 

FIGURE 3 - TOGGLE FREQUENCY TEST CIRCUIT 

Coax 

0.1 pF 

Vee, = Vee2 = 
+2.0 Vdc V out 

Coax 

50' 

TPout 

Si ne :;V;o~~~:~ator, @------1f--f--------'-..... ,""'''' 1""'-+------'1 

VBias = +0.70 Vdc o--------j 

(Use High 
Impedance Probe 
to Adjust V Bias ) 

50-ohm termination to ground 10 
cated in each scope channel input. I o.1 iJ. F 

VEE 
-3.2 Vdc 

50 

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

• Non-inductive type. 

FIGURE 4 - TOGGLE FREQUENCY WAVEFORMS 

Clock Input 

500 MHz 

QorO 
Output 

-+1.11V 

--- +0.71 VB;.s 

- +0.31 V 

-r 
600 mV min 

~ 
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The maximum toggle frequency of the Mel 690 has been 
exceeded when either: 

1. The output peak-ta-peak voltage swing taUs below 
600 millivolts, 

OR 

2. The device ceases to toggle (divide by two). 



QUAD LINE RECEIVER 

MC1692 

(8) 

(9) 

(11 ) 

(10) 

(14)10~ 

(15) 11~'4(2) 

(1) 

(16) 
13=:t;>--15 (3) 
12 

Vaa L 9(13) 

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) 
2 

(7) 
3 

(2) 

14 

(5) 
1 

(3)· 
15 

MECL III MC1600 series 

Four differential amplifiers lII(ith emitter 
followers intended for use in sensing differ­
ential signals over long lines. 

(4) 

16 

vee1 :::: Pin 1 (5) 
VCC2 = Pin 16 (4) 
Vee = Pin 8 (12) 

tpd '" 0.9 ns typ (5l0-ohm load) 
:: 1.1 ns typ (50-ohm load) 

PD '" 220 mW typ/pkg (No load) 
Full Load Current, I L ::: -25 mAde max 

VCC2 

100 100 100 100 100 100 350 

4 
(8) 

5 7 6 10 
(9) (11) (10) (14) 

11 13 
(15) (1) 

365 

8 
(12) 

12 
(16) 

Number at and of terminel denotes pin number for L package (Case 620), 
Number in parenthe$is denotes pin number for F package (Case 6501. 

Sea General I nformation section for packaging information. 
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ELECTRICAL CHARACTERISTICS 

This MECL III circuit has been designed to 
meet the de specifications shown in the 
test table, after thermal equilibrium has 
been establ ished. 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. 

:~6 
11~ 
10~7 
14~ 
15~2 

1;~3 
VaaL1 3 

Pin 
_JODC Under 

Characteristic Symbol Test Min Max 

Power Supplv Drain Current 'E 12 

Input Current I in 8 

I nput Leakage Current 'R 
logic "1" Output VOltage VOH -1.045 -0.875 

LogIc "0" Output Voltage VOL -1.890 -1.650 

Logic "1" Threshold Voltage VOHA -1.065 

Logic "0" Threshold Voltage VOLA -1.630 

Reference Voltage Vaa 13 1.375 1.275 

SwitchIng Times (50 n Load) Min Max 

Propagation Delay t8-6+ 1.6 

t8+6- 6 1.8 
RIse Tune '6+ 6 2.2 
Fall Time '6- 2.2 

@Test 
Temperature 

_30°C 

+2SOc 

+8SoC 

MC1692F Test Limits 

+25"<: +85~C 

Min Max Min Max Unit 

50 mAdc 

250 J.lAdc 

100 J.lAdc 

-<).960 -0.810 -0.890 -0.700 Vdc 

-1.850 -1.620 -1.830 -1.575 Vdc 

-0.980 -0.910 Vdc 

-1.600 -1.555 Vdc 

-1.35 -1.25 1.30 1.20 Vdc 

Min Max Min Max 

1.5 1.7 
1.7 1.9 

~ 2.1 2.3 

2.1 2.3 

VIH max 

-0.875 

-0.810 

-0.700 

~ 
F SUFFIX 

CERAMIC PACKAGE 

CASE 650 

TEST VOLTAGE VALUES 

VIL min VIHA min VILA max 

-1.890 -1.180 -1.515 

-1.850 -1.095 -1.485 

-1.830 -1.025 -1.440 

Vaa 

From 
Pin 

13 

TEST VOL TAGE APPLIED TO PINS LISTED BELOW: 

VIH max VIL min VIHA min VILA max Vaa 

1,8,11,14 9,10,15,16 

1,11,14 9,10,15,16 

1,11,14 9,10.15,16 

1.11,14 9,10,15,16 

8 1,11,14 9,10,15,16 

1,11,14 9,10,15,16 

1.11,14 9,10,15,16 

9,10,15,16 

Pulse In Pul.Out 

a 6 9,10,15,16 

~ ~ ~ 

VEE 

-5.2 

~ 
~ 

VEE 

12 

12 

8,12 

12 

12 

12 

12 

12 

12 

I ~ 

(VCC) 
Gnd 

4.5 

4.5 

4,5 

4.5 

4.5 

4,5 

4.5 

4,5 

4.5 

~ 

s 
(') ... 
en 
U) 
N 
n o 
:::J 
~, 
:::J 
C 
(1) 

0.. 
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ELECTRICAL CHARACTERISTICS 

This MECL III 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 OERC-UC-
214A2WCB or equivalent} or a transverse 
airflow 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 5O-ohm resistor to -2.0 Vdc. See general 
information section for complete thermal 
data. 

:=.:t>--2 
~=:::t>-3 
10~'4 
11~ 

13 =:::::r>---12 15 

vaaLg 

Pin 
Und.r _lOGe 

Chllracteristic Symbol T ... Min Ma. 
Power Supply Drain Current IE 8 

I nput Current lin 4 

I nput Leakage-Current 'R 4 

Logic "1" Output Voltage VOH 2 -1.045 -0.875 

Logic "0" Output Voltage VOL 2 -1.890 -1.650 

Logic" I" Threshold Voltage VOHA 2 -1.065 -

LogiC "0" Threshold Voltage VOLA 2 -1.630 

Reference Voltage Vaa 9 1.375 1.275 

Switching Times (SO H Loadl Min Ma. 

Propagation Delay t4_2+ 2 - 1.6 
t4+2- 2 - 1.8 

Rise Time '2+ 2 - 2.2 
_ Fall Time t2 ___ 

-
2 

'----- ~ 

In ... 
Temper.ture 

_lOGe 

+25"<: 

+8SGe 

MCl692l T.t Limits 

+25"<: +8SGC 

Min Ma. Min Ma. Unit 

- 50 - - mAd, 

250 #Adc 

- 100 J,lAdc 

-0,960 -0.810 -O,B90 -0,700 Vd, 

-1.850 -1.620 -1,830 1.575 Vd, 

-0.980 - -0.910 - Vd, 

- -1.600 - -1.555 Vd, 

-1.35 -1.25 1.30 1.20 Vd, 

Min Ma. Min Ma. 

- 1.5 - 1.7 n, 
- 1.7 - 1.9 

~ - 2.1 - 2.3 
- 2.1 - 2.3 

V'H max 

-0,875 

-0,810 

-0.700 

-LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

TEST VOLTAGE VALUES 

Vil min VIHA min VILA m •• 

-1.890 -1.180 -1.515 
-1.850 -1.095 -1,485 

-1.830 -1.025 -1,440 

Vaa 

From 
Pin 
9 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 

VIHmb VIL min VIHA min VILA m •• Vaa 

4,7,10,13 - 5,6,11,12 

4 7,10,13 5,6,11,12 

7,10,13 5,6,11,12 

7,10,13 4 - - 5,6,11,12 

• 7,10,13 5,6,11,12 

- 7,10,13 - 4 5,6,11,12 

- 7,10,13 4 - 5,6,11,12 
- - - 5,6,11,12 

Pul.ln Pul.Out 

4 2 5,6,11,12 

~ ~ ~ 
-- '---

VEE 

~,2 

1---0-::-
~ 
~,2 

VEE 

8 

B 

B,' 
8 

8 

8 

8 

8 

B 

~ 

Gnd 

1,16 

1,16 

1,16 

1,16 

1,16 

1,16 

1.16 

1,16 

1,16 

~ 

I 

I 

s: 
(") .... 
en 
CD 
to.) 

Cl o 
:::J 
!:.', 
:::J 
C 
(I) 

a. 



MC1692 (continued) 

APPLICATIONS INFORMATION 

The MC1692 Quad line receiver is used prlmanly 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. A t the end of 
the tWIsted pair a 100 ohm termination resistor is placed across 

FIGURE 1 - LINE DRIVER/RECEIVER 

FIGURE 2 - 400 MBS WAVEFORMS 

Sending 
End 

2 ns/cm 

Receiving 
End 

VEE = -5.2 V 

-1.3V~ )-----'-1 
MC1692 

3 
9 

0.01 0.01 
J.lF J.lF 

500 E--y1 
100 

the differential line receiver inputs of the MC1692. Illustrated 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/toot. 

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. 

50 

FIGURE 3 - PULSE PROPAGATION WAVEFORMS 

Sending 
End 

5 ns/cm 

ReceiVing 
End 

FIGURE 4 - 200 MHz SCHMITT TRIGGER 

VTT = -2 V 
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4-BIT SHIFT REGISTER 

MC1694 

FLIP-FLOP TRUTH TABLE 

Inputs Output 
D C R S 
0 0 a a 
a a a I 
a a I a 
a a I I 

a I a a 
a I a I 
a I , a 
a , , , , a a a , a a , , a , a , a , , , , a a 
1 1 a 1 
1 1 1 a 
1 1 1 1 

·Output State 
Undefined 

an 
°n-l 

I 
a 

a 
I 
a 

°n-1 , 
a 

, 
1 
a 

DC Input Loading Factors 
Reset = 2.5 Set = 1.0 
Clock = 1.6 Data = 0,9 

DC Output Loading Factor = 70 

Total po ...... er Dissipation = 750 mW typ/pkg 
Shift Frequency = 325 MHz typ 

VCC,: 1 
VCC2: 16 
VEE: 8 

01 14 

02 15 

MECL III MC1600 series 

The MC1694 is a 4-Bit register capable of shift rates up 
to 325 MHz (typical). This shift register operates in the 
shift·right mode, accepting serial data at either data input 
01 or 02. A master reset and individual set inputs override 
the clock allowing asynchronous entry of information. 

50 
2 

LOGIC DIAGRAM 

00 
13 

S1 Q1 
10 12 

52 
3 

02 
4 

53 
6 

03 
5 

Clock 7 ,,:::=::=j====j==~=:t=~ __ J Reset 9 0 

FLIP-FLOP ELEMENT CIRCUIT SCHEMATIC 

114 OF CI RCUIT SHOWN 

o· 

01 

100 ~ >- 100 300 100 100 

K- ~ 
~ 

125 

~>-Il ~rl ~ >-
pc > ~~ I----"" r---

0 
02 

C ~~ 
60 

f-- f-- 1235 

R 

s r----rt )- ~ ~ 
~ ~ k ~ 

50 50 50 k 50 k 50 560 1.3k 1.3 k [os 675 325 675 ~ 1.5 k I k 1.5 k 
k k k 

bv EE 

S .. General I nformation section for packaging. 
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MC1694 (continued) 

ELECTRICAL CHARACTERISTICS 

This MECL III circuit has been designed to 
meet the de specifications shown in the 
test table. after thermal equilibrium has 
been established. The package should be 
housed in a suitable heat sink (lERe-LIC-
214A2VVCB or equivalent) or a transverse 
airflow 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 5O.-ahm resistor to -2.0 Vdc. See general 
information section for complete thermal 
data. 

Pin 
Undflf 

Chlr.elenstle Symbol T ... 

Power Supply Drain Current 'E 
Input Current 1m H 

7 
2,3,6,10 

14,15 

Ion L 7 .• 
2,3,6,10 

14,15 

Logic' , ' Output Voltage VOH 4,5,12,13 

LogiC "0' Output Voltage VOL 4,5,12,13 

LogiC .. , ' Threshold Voltage VOHA 4,5,12,13 

LogiC "0' Threshold Voltage VOLA 4,5.12,13 

AC Characteristics 

Clock Delays (50 H Loadsl t7+X+ 4,5,12,13 
t7+X_ 4,5,12,13 

Set Delay ty+X+ 4,5,12,13 

Rewt Delay t9+X- 4,5,12,13 

AlseTlme 'X' 4,5,12,13 

Fall Time 'X- 4,5,12,13 

Shift Rate @ 

'IndiVidually apply VIH or VI L to Input under test 

X - Pin 4,5,12 or 13 
y Pin 2,3,6 or 10 

so aD 51 01 52 Q'1 S3 03 
'1 13 10 12 :] 4 6 5 

01 14 

02 15 

Clock 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

TEST VOLTAGE VALUES 

@Test 
Temperature VIHma. VILmin VIHAmin VILAma. VEE 

_30°C -0 875 -1.890 -1.180 -1.515 52 

+ZSoC -0 810 -1850 -1.095 -1.485 -5.2 

+85 0C -0700 -1830 -1.025 -1440 -52 

MC1694L TEST VOLTAGE APPLIED TO 

-3O"c +2SoC +8S 0C PINS LISTED BELOW: 

M,n Mo, M,n M" M,n M" Unit VIHrm. VILmin VIHAmin VILAmu VEE 

200 mAde 

, 0 mAde 8 
0750 

+ + 
OS 
05 

05 /JAde 8 
0.5 t • 05 

-1045 -0.875 -0 960 -0810 -0.890 -0 700 V<k (j) 
-1890 -1650 -, 850 -1620 -1830 -1575 Vd, (J) 2,3,6,10 

-1065 -0.980 -0.910 Vd, cr> 
-, 630 -1600 -1.555 Vd, 2,3,6,10 ® 

Pulse In Pul.Out -3,2 V 

, 0 32 , 0 3.0 , 0 34 7 X 8 
, 0 32 1.0 30 1.0 34 X 8 

20 3. 20 37 20 4' 
2.0 3. 2.0 3.7 2.0 4 , 

1.0 2. 10 2.7 1.0 3.1 

10 28 10 2.S 10 30 

240 275 250 MH, 

CD Reset all four flip flops bv applvmg PAl to pin 9 @)Set all four fl,p·flops bV applVlng P A2 to pins 2,3,6, 

~ Set all four fl'p·flops by applVIng PAl to PinS 2,3,6, 
and 14 Simuitaneousiv 

and 10 SImultaneously 
PA2 -----c=~:~: Q) Reset all lour flip Ilops bV applVIng PA2 to Pin 10 

PA1~~II~ ® See Figure 1 tor shift freQuency test cirCUit. 

4-86 

Gnd 

1.16 

1.16 

• 1.16 

• 1,16 

1,16 

1,16 

1,16 

+2,QV 

1,16 
1,16 

1,16 

1,16 

1,16 

1,16 



MC1694 (continued) 

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

Clock Input 

FIGURE 1 - SHIFT FREQUENCY TEST CIRCUIT 

+2.0 Vdc - 3.2 Vdc 

0.1 I'FI 0.1 II'F 
50 1 168 

100 100 

1/4 MC1662 

4-87 

V out 

Coax 

50 

100 



COMPATIBLE 
INTEGRATED CIRCUITS 
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MC1543L \-. ______ D_U_A_L_S_E_N_S_E_A_M_PL_I_F_IE_R----'l 

MONOLITHIC DUAL MECL CORE 
MEMORY SENSE AMPLIFIER 

· .. a dual de coupled sense amplifier providing output levels com­
patible with emitter-coupled logic levels_ The MC1543L offers 
adjustable threshold and excellent threshold stabilitv 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 

CIRCUIT SCHEMATIC 

, " 
Vee GilD 

13 (1"~!~HOlO AOJUST) 

v,., 

OUTPUTS 6 
, "U" 

No,,,,"Hy frlg,,,,oUy 
lOVO HIGH 

See General Information section for packaging 

VE( I 

5-3 

OUTPUTS , , 
J"l. 

frlo,m.lI. 

". 

14 

DUAL MECL 
CORE MEMORY 

SENSE AMPLIFIER 
INTEGRATED CIRCUIT 

MONOLITHIC SILICON 
EPITAXIAL PASSIVATED 

CERAMIC PACKAGE 
CASE 632 

TO·116 



MC1543L (continued) 

MAXIMUM RATINGS ITA = +250 C unless otherwise noted.l 

Rating Symbol Value Unit 

Povver SupplV Voltage VCC +10 Vde 

VEE -10 Vde 

Differential Input Voltage VID ±5.0 Vde 

Common-Mode Input Voltage VICM ±5.0 Vde 

Load Current IL 25 mA 

POlNSr Dissipation (Package Limitation) Po 
Ceramic Dual-tn-Line Package 1000 mW 
Derate above T A = +2SoC 6.7 mW/oC 

Operating Temperature Range TA -55 to +125 °c 
Storage Temperature Range T"g -65 to +150 °c 

ELECTRICAL CHARACTERISTICS lEach Amplifierl IVCC = +5.0 Vdc ±5%, VEE = -5.2 Vdc ±5%, Vref = 0.54 V 1.1%, 
TA = +250 C unless otherwise noted.) 

Characteristic Fig.No. Symbol Min Typ M .. 

Input Threshold Voltage 8 VTH 17 20 23 

Power Supply Currents 6 ICC - 9.5 12 
(V2= V3= Vll = V12= V14 =01 6 lEE - 26.5 33 

Input Bias Current 7 liB - 3.5 10 

Input Offset Current 7 110 - 0.05 0.5 

Output Voltage High 9 VOH -0.85 -0.8 -0.67 

Output Voltage Low 9 VOL - -1.7 -1.46 

Strobe Threshold Level 10 VST - -1.30 -

Strobe Input Current High 10 ISH - 25 50 

Strobe Input Current Low 10 ISL - 0.01 0.1 

Input Common Mode Range 14 VCMA 3.0 4.0 -

Input Threshold Aange(by varying Vrefl 8 VTHA - 10-40 -
Power Dissipation 6 Po - 185 230 

Aeference Supply Input Current (Pin 131 6 'ref - 10 40 

SWITCHING CHARACTERISTICS 

Propagation Delay (Input to Output) 1 tlO - 28 35 

Propagation Delay (Strobe to Output) 12 tso - 16 20 

Strobe Release Time 12 tSA - 18 30 

Recovery Time (Differential-Model 13 tDA - 10 15 
(ein = 400 mVdcl 

Aecovery Time (Common-Model 14 tCMA - 3.0 15 
(ein = 3.0 Vdel 

Strobe Width Minimum 12 ts - 8.0 -

TEMPERATURE TESTS (-550 C to +1250 CI 

Input Threshold Voltage 8 VTH 

TA - -550 C 18 21.5 25 
TA = +1250 C 15 18.5 22 

Input Bias Current 7 liB 2.2 7.0 20 

Input Offset Current 7 110 0.02 '0.1 1.0 

5-4 

Unit 

mV 

mAde 
mAde 

~Ade 

!lAdc 

Vdc 

Vdc 

Vde 

,."Adc 

"Ade 

Vdc 

mV 

mW 

"A 

ns 

ns 

ns 

ns 

ns 

ns 

mV 

"Ade 

"Ade 



MC1543L (continued) 

EQUIVALENT CIRCUIT 

INPUTS 

REFERENCE 13 
VOLTAGE 

INPUTS 

Il 

STROBE 

TYPICAL CHARACTERISTICS 
(VCC = +5.0 Vdc. VEE = -5.2 Vdc. Vre, set for 20 mV Threshold. TA = +250 C unle .. otherwise noted.1 

4 

2 

0 

FIGURE 1 - TYPICAL INPUT THRESHOLO 
v.rsus TEMPERATURE 

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

! 

"-------8 

16 
-55 50 25 +25 +50 +75 +100 

TA. AMBIENT TEMPERATURE lOCI 

FIGURE 3A - TYPICAL INPUT THRESHOLD versus VCC 

4 

2 

0 

8 

6 1 
4.5 5.0 5.5 6.0 

Vee. POSITIVE SUPPL Y VOLTAGE IVOL TS) 

+125 

6.5 

5-5 

:> 
.§ 
c 
~ 

0 

~ 
'" i= 
~ 
~ 

~ 
> 

45 

40 

35 

30 

25 

20 

15 

10 

5.0 

o 
0.2 

FIGURE 2 - TYPICAL INPUT THRESHOLD 
vorsus REFERENCE VOL TAGE 

I II I T \ Recommended voltage tor 20 mV _ 

\ Threshold: Vref:: 0.540 Volt 

\. 
...... 

................ 

----r-- ~ 

I 
0.4 0.6 0.8 1.0 1.2 1.4 

Vref. REFERENCE VOLTAGE (VOLTSI 

FIGURE 38 - TYPICAL INPUT THRESHOLD versus VEE 

4.----------.------------r---------~ 

:> 
.§ 2~----------+_-----------+----------~ 
=: 
c 
:r 

~ I~~~~~~--~------------~~~~====~::j ;= O~ 

"" ii! 
~ 

~ 8~------------~------------~------------_1 

~~f:,.5-------..,51::.0-------..,.5L,-.5-------::'-6.0 

VEE. NEGATIVE SUPPLY VOLTAGE (VOLTS) 



MC1543L (continued) 

TYPICAL CHARACTERISTICS Icontinuedl 
(Vee = +5.0 Vdc, VeE = -5.2 Vdc, Vref set for 20 mV Threshold. T A = +250 C unless otherwise noted.) 

FIGURE 4 - TYPICAL INPUT THRESHOLD 
varsus INPUT PULSE WIDTH 

FIGURE 5 - INPUT·OUTPUT TRANSFER 
CHARACTERISTICS lona outputl 

:; 
E 

0 -0. 5 

"NOR"! Output 

;;; 5 

'" ~ 
o 
> 4 
:J 
~ 

0 

0 

~ 3 0 
% 
>­
>-
~ 
~ 20 
.c 
:> 

10 
o 

\ 
~ 

"'-. r---. 
10 20 30 40 50 

t. INPUT PULSE WIDTH losl 

60 

u; 
:; 
o 
~ -1 
w 

'" ~ 
o 
> ... 
~ 

0 

~ -1. 5 
o 

-2. 0 
-40 

TEST CIRCUITS 

---f ~O.5 mr Transitior Width 

30 20 10 .10 + 20 t 30 

'in. INPUT VOLTAGE ImVI 

(Vee = +5.0 Vdc, VEE'" -5.2 Vdc, Vref = 0.54 V, TA = +250 C unless otherwise noted.! 

FIGURE 6 - POWER SUPPL Y CURRENT DRAIN 

Unless otherwise specifier! 
Vref should beset for 
20 mV threshold 
IV re!" 0.4 VI 

+5.0 Vdc 

A 

A 

13 

14 

12f-o--+ 

111-0--.... 

101-0--" 

-52 Vdc 

FIGURE 8 - INPUT THRESHOLD LEVEL 

to voltmeter 

50 

990 
±.O.l% 

10 
!O.l% 

-5.2 Vdc 
to voltmeter 

5-6 

FIGURE 7 - INPUT BIAS CURRENT 
INPUT OFFSET CURRENT 

+5.0 Vdc 

FIGURE 9 - OUTPUT VOLTAGE LEVELS 

+5.0 Vdc 

5.1k 

11 

51 

12 

. 40 



MC1543L (continued) 

TEST CIRCUITS (continued I 

5.1 k 

51 

5.1 k 

51 

-= 

FIGURE 10 - STROBE THRESHOLD LEVEL 
STROBE INPUT CURRENTS 

FIGURE 12 - PROPAGATION OELAY - STROBE TO 
OUTPUT and STROBE RELEASE TIME 

+5.0 Vdc 

<1% 

11 

<1% 3 

12 

-= 

-5.2 Vdc 

-0.7V 

Vret 

Ito dUII·lrm 
oscilloscope) 

-1./V 

(to dual·trace 
ostilloscope) 

5-7 

FIGURE 11 - PROPAGATION OELAY­
INPUT TO OUTPUT 

Ito dual-trace 
oscilloscope) 

INPUT 

25 mV 

FIGURE 13 - OIFFERENTIAL MOOE RECOVERY TIME 
(See definition section) 

+5.0 Vdc 

(to oscilloltop,) 

DIFFERENTIAL 400 mV 
INPUT 

STROBE 
-....;.:;"----.,f') 

DUffUT ______________________ ___ 
-1./ V 



MC1543L (continued) 

TEST CIRCUITS (continued I 

FIGURE 14 - COMMON MOOE RECOVERY TIME 
COMMON MOOE INPUT RANGE 

IS.8 definition section. 

+5.0 Vdc Vref 

(to ostilloscopel 

-5.2 Vdc 

3.0 V 
COMMON 
MOOE 
INPUT tPLH 0 10 no 

-1.7 V 
STROBE 

OUTPUT i 
"VT,....I------

100mV 

DEFINITIONS 

110 Input Offset Current - The difference between amplifier 
input current velu .. IlIA - 12AI or 111B - 12BI· 

ISH Strobe High Current - The amount of input current when 

the strobe pin il grounded. 

ISL Strobe Low Current - The leakage current when the strobe 
input il tied to the _tive .. pply. 

Po Power Oillipetion - The amount of power dissipated in the 
unit. 

leMR Common-Mode Recovery Time - The minimum time by 
which the strobe input may follow the high level common 
mode Input "MI without elusing 8 signal to appear at the 
amplifier output. 

tOR Differential-Mode Recovery Time - Differential recovery 
time. the minimum time by which thl strobe input may 
follOW the high ..... 1 differential input lignal without cauling 
a .. nal to 8PPMr at tha amplifi .. output. 

tlO Pro-,Ion Oalay. Ampllfi .. Input to Ampliflar Output -
The time required for the amplifier output 10 reach 50'J1. of 
III flM! vel .... ref..- to lim' of tha level of tha pUl. 
inpUt.(Amplifi .. input· 26% over set threshold or approxi· 
mately 26 mVdc.) 

IS Strobe Width - The amount of time the strobe must be high 
to "In a IMn output. Minimum strobe width ilth81 min­
Imum time __ Ired to cau. the output to complete a full 

..tng VOL 10 VOH or VOH to VOL. 

5-8 

tso Propagation Delay. Strobe I nput 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 pul. 
at pins 4 or 10. 

tSR Strobe Release Time - The time required for the output to 
change to 50% of its swing after the strobe reach .. 50% of 

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

veMR 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·leval output voltage It pinl 
6 and B with no input - or at pins 5 and 9 with Input 
abova threshold. 

VOL OutPUt Voltage Low - Tha low·level output voltage 81 pinl 
5 and 9 with no input - or at pinl 6 and 8 with input above 
threshold. 

\1sT Strobe Threshold Level - The voltage It which the IIrobe 
turns the 8mplifier to the ON ltate. 

VTH Input Threshold - Input pul. amplitude .t pins 2,3.11. or 
12 thet ceu_ the .. utpUt gatl to just reach ill new vel .... 
VOL or VOH· 

VTHR Input Threshold Ringe - The maximum lPI"eed of input 
threshold level that can be Ittained by _ying tha thrnhold 
voltage reference. Vrof. 



MC7900C 
Series 

l .... __ N_E_G_A_T_I_V_E_V_O_L_T_A_G_E_R_E_G_U_L_A_T_O_R_S---J 

MC7900C SERIES THREE-TERMINAL 
NEG.ATIVE 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 
options commonly employed in MECL systems are al!D available 
in the negative MC7900C Series. 

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

• No External Components Required 

• Internal Thermal Overload Protection 

• Internal Short·Circuit Current Limiting 

• Output Transistor Safe·Area Compensation 

• Packaged in the Plastic Case 199·04 
(Pin Compatible with the VERSAWATTt or TO·nO) 
Or Hermetic TO-3 Type Metal Power Package 

SCHEMATIC DIAGRAM 

.---+--1-0 v 0 

DEVICE TYPE/NOMINAL OUTPUT VOLTAGE 
MC7902C - 2.0 VolU MC7906C - 6.0 Volts 
MC7905C - 5.0 Volts MC7908C - 8.0 Volu 
MC790S.2C - 5.2 Volt, MC7912C - 12 Volts 

MC7915C - 15 Volt' 
MC7918C - 18 VOlts 
MC7924C - 24 Volts 
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0.3 

THREE-TERMINAL 
NEGATIVE FIXED 

VOLTAGE REGULATORS 

MONOLITHIC SILICON 
INTEGRATED CIRCUITS 

K SUFFIX 
METAL PACKAGE 

CASE 11 
(TO·3 TYPE) 

P SUFFIX 
PLASTIC PACKAGE 

CASE 199-04 

Pin 1 GNO (8) 
Pin 2 Output (E) 
Pin 3 Input (e) 

Heat sink surface connected 

to pin 3. 

STANDARD APPLICATION 

A common ground il required between the 
input and the output volta" ••. The input volt­
ege mUlt remain typicallv 2.0 V more negative 
even during the high point on the input ripple 
voltage. 

xx '" these two digit$ of the type number indi­
cate voltage . 

• '" Cin i$ required if regulator i$ located an 
appreciable distance from power supply 
filter. 

•• = Co improves stability and transient re­
spon$e. 



MC7900C Series (continued) 

MC7900C Series MAXIMUM RATINGS IT A = +250 C unlessotherw"e noted I 

Rlting Symbol Value Unit 

Input Voltage (2.0 V - 18 VI Vin -35 Vdc 
(24 VI -40 

Power Dissipation and Thermal Characteristics 
Plastic Package 

TA = +250 C Po 2.0 Watts 
Derate above T A = +2SoC 1/0JA 20 mW/oC 
Thermal Resistance. Junction to Air °JA 50 °C/W 
TC = +2SoC Po 15 Watts 
Derate above TC = +9SoC (See Figure 1) 1/0JC SOO mW/oC 
Thermal Resistance. Junction to Case °JC 2.0 °C/W 

Metal Package 
TA = +250 C Po 2.S Watts 
Derate above T A = +250 C 1/0JA 28.6 mW/oC 
Thermal Resistance, Junction to Air °JA 35 °C/W 
TC = +2SoC Po 15 Watts 
Derate above T C = +6SoC 1/0JC 250 mW/oC 
Thermal Resistance, Junction to Case °JC 4.0 °C/W 

Storage Junction Temperature Range Tstg -20 to +150 °c 

Operating Junction Temperature Range T J Oto +125 °c 

MC7902C ELECTRICAL CHARACTERISTICS IV 
'" 

- 10 V 'a = 500 rnA OOC <T J < +1250 C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (T J = +250 CI Vo -1.92 -2.00 -2.08 Vdc 

I "put Regulation Regin mV 
(TJ = +250 C, 10 = 100 mAl 
-7.0 Vdc;;;' Vin;;;' -25 Vdc - 8.0 20 
-8.0 Vdc;;;' Vin ;;;'-12 Vdc - 4.0 10 
(TJ = +250 C, 10 = 500 mAl 
-7.0 Vdc;;;' Vin ;;;. -25 Vdc - 18 40 
-8.0 Vdc ~ Vjn ~-12 Vdc - 8.0 20 

Load Regulation Regload mV 
TJ = +250 C, 5.0 mA ';;;10';;; 1.5 A - 70 120 
2S0 mA';;; 10 ';;;750 rnA - 20 60 

Output Voltage Vo -1.90 - -2.10 Vdc 
-7.0 Vdc;;;' Vin ;;;'-20 Vdc, 5.0 mA ';;;10';;; 1.0 A. P';;; 15 W 

Quiescent Current (T J = +2SoC) 18 - 4.3 8.0 rnA 

Quiescent Current Change "Ia rnA 
-7.0 Vdc;;;' Vin;;;' -25 Vdc - - 1.3 
5.0 rnA .;;; 10';;; 1.5 A - - 0.5 

Output Noise Voltage (TA = +25o C, 10 Hz ~f ~ 100 kHz) VN - 40 - "V 
Long-Term Stability "VO/"t - - 20 mV/1.0k Hrs 

Rippl~ Rejection (10 - 20 rnA, f - 120 Hzl RR 65 dB 

Input-Output Voltage Differential IVin-VOI .3.5 Vdc 
10 = 1.0 A, TJ = +250 C 

Average Temperature Coefficient of Output Voltage 
10 = 5.0 mA, oDc ';;;TA ';;;+12SoC 

TCVO -1.0 - mV/oC 
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MC7900C Series (continued) 

MC7905C ELECTRICAL CHARACTERISTICS (Vin = -10 V, 10 = SOD rnA, o"c <T J < +12SoC, unless otherwise noted.1 

Cherect.istic Symbol Min Typ Max Unit 

Output Voltage (TJ = +25O C) Vo -4.8 -S.O -5.2 Vdc 

Input Regulation Regin mV 

(T J = +2SoC, 10 = 100 mAl 
-7.0Vdc;;;'Vin;;;'-25 Vdc - 7.0 SO 

-8.0 Vdc;;;'Vin ;;;'-12 Vdc - 2.0 25 

(T J = +250 C, '0 = 500 mAl 
-7.0 Vdc;;;' Vin ;;;'-25 Vdc - 35 100 

-8.0Vdc;;;'Vin ;;;'-12 Vdc - 8.0 50 

Load Regulation Reg'oad mV 

T J = +2SoC, S.O mA .;; '0';; I.S A - 11 100 

250 rnA';; 10 ';;750 rnA - 4.0 50 

Output Voltage Vo -4.75 - -5.25 Vdc 

-7.0 Vdc ;;;'Vin ;;;'-20 Vdc, 5.0 mA ';;10';; 1.0 A, P';; 15 W 

Quiescent Current IT J = +250 C) 'B - 4.3 8.0 mA 

Quiescent Current Change alB mA 

-7.0 Vdc;;;' Vin ;;;'-2S Vdc - - 1.3 

S.OrnA';;10';;1.5 A - - 0.5 

Output Noise Voltage (TA = +250 C, 10 Hz';;I';; 100 kHzl VN - 40 - IlV 

Long·Term Stabilitv avO/at - - 20 mVI1.0k Hrs 

Ripple Rejection (10 = 20 mA, 1 = 120 Hzl RR - 70 - dB 

I nput-Output Voltage Differential IVin-VOI - 2.0 - Vdc 

10 = LOA, TJ = +250 C 

Average Temperature Coefficient of Output Voltage TCVO - -1.0 - mV/oC 

10 = 5.0 mA, o"C ';;TA ';;+12SoC 

MC7905 2C ELECTRICAL CHARACTERISTICS (Vin = -10 V '0 = SOD mA o"C <TJ < +1250 C unless otherwise noted I 

Charact .. istic Symbol Min Typ Me. Unit 

Output Voltage (T J = +25oCI Vo -5.0 -5.2 -5.4 Vdc 

Input Regulation Regin mV 

(T J = +250 C, 10 = 100 mAl 
-7.2 Vdc;;;' Vin ;;;'-25 Vdc - 8.0 52 

-8.0 Vdc;;;' Vin ;;;'-12 Vdc - 2.2 27 

(TJ • +250 C, '0 = 500 mAl 
-7.2 Vdc;;;'Vin ;;;'-25 Vdc - 37 105 

-8.0 Vdc;;;'Vin ;;;'-12 Vdc - 8.S 52 

Load Regulation Reg'oad mV 

T J = +250 C, 5.0 rnA .;; '0 .;; 1.5 A - 12 105 

250 rnA ';;10 ';;750 mA - 4.5 52 

Outpvt Voltage Vo -4.94 - -S.46 Vdc 

-7.2 Vdc;;;' Vin ;;;. -20 Vdc, 5.0 mA .;; '0 .;; 1.0 A, P ';;15 W 

Quiescent Current (T J = +250 CI 'B - 4.3 8.0 mA 

Qutescsnt Current Change alB mA 

-7.2 Vdc;;;'Vin ;;;'-25 Vdc - - 1.3 

5.0 mA ';;10';; 1.5 A - - 0.5 

Output Noise Voltage (TA = +25oC,10Hz';;l .;;100 kHzl VN - 42 - IlV 

Long-Term Stability aVO/at - - 20 mV/l.0k Hrs 

Ripple R~ection (10 = 20 rnA, f = 120 Hz) RR - 68 - dB 

Input.Qutput Voltage Differenti., IVin-VOI - 2.0 - Vdc 

'0 • 1.0 A, T J = +250 C 

Aver.ge Temperature Coefficient of Output Voltage TCVO - -1.0 - mV/oC 

'0 -S.OmA, o"C';;TA ';;+1250 C 
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MC7900C Series (continued) 

MC7906C ELECTRICAL CHARACTERISTICS IVin = -11 V 10 = 500 mA OOC <T J < +1250 C unless otherwise noted.) 

Chllr.ct .. istic Symbol Min Typ Max Unit 

Output Voltage IT J = +250 C) Vo -5.75 -0.0 -0.25 Vdc 

Input Regulation Regin mV 
ITJ =+250 C,IO = l00mA) 
-S.O Vdc;;' Yin ;;. -25 Vdc - 9.0 60 
-9.0 Vdc;;' Yin ;;. -13 Vdc - 3.0 30 

IT J = +250 C, 10 = 500 mAl 
-8.0 Vdc;;' Yin ;;'-25 Vdc - 43 120 
-9.0 Vdc;;'Vin ;;'-13 Vdc - 10 60 

Load Regulation Regload mV 
TJ = +250 C, 5.0 mA <;;10 <;; 1.5 A - 13 120 

250 mA <;;10 <;; 750 mA - 5.0 60 

Output Voltage Vo -5.7 - -0.3 Vdc 
-8.0 Vdc;;' Yin ;;. -21 Vdc, 5.0 mA <;; 10 <;; 1.0 A, P <;; 15 W) 

Quiescent Current (T J "" +25V C) la - 4.3 8.0 mA 

Quiescent Current Change ala mA 
-8.0 Vdc ;;'Vin ;;'-25 Vdc - - 1.3 
5.0 mA <;;10 <;; 1.5 A - - 0.5 

Output Noise Voltage (TA ;: +2SoC, 10 Hz:S;;;;f ~ 100 kHz) VN - 45 - IlV 

Long-Term Stability aVO/at - - 24 mV/1.0k Hrs 

Ripple Rejection 110 - 20mA,I -120Hz) RR - 65 - dS 

I nput-Output Voltage Differential IVin-VOI - 2.0 - Vdc 
10 = 1.0 A, TJ = +250 C 

Average Temperature Coefficient of Output Voltage TCVO - -1.0 - mVf'C 
10 = 5.0 mA, rf'c <;;TA <;;+1250 C 

MC7908C ELECTRICAL CHARACTERISTICS IV," = -14 V, 10 = 500 mA, OOC <T J < +1250 C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage IT J = +250 C) Vo -7.7 -8.0 -8.3 Vdc 

Input Regulation Regin mV 
IT J = +250 C, 10 = l00mA) 
-10.5 Vdc;;' Yin ;;'-25 Vdc - 12 80 
-11 Vdc;;'Vin;;' -17 Vdc - 5.0 40 

IT J = +250 C, 10 = 500mA) 
-10.5 Vdc ;;'Vin ;;'-25 Vdc - 50 160 
-11 Vdc;;' Yin ;;. -17 Vdc - 22 SO 

Load Regulation Regload mV 
T J = +250 C, 5.0 mA <;; 10 <;; 1.5 A - 26 160 
250 mA <;; 10 <;;750 mA - 9.0 SO 

Output Voltage Vo -7.6 - -S.4 Vdc 
-10.5 Vdc;;' Yin ;;'-23 Vdc, 5.0 mA <;;10 <;; 1.0A, P<;;15W 

Quiescent Current IT J = +250 C) IS - 4.3 S.O mA 

Quiescent Current Change ala mA 
-10.5 Vdc ;;'Vin ;;'-25 Vdc - - 1.0 
5.0 mA <;;10 <;; 1.5 A - - 0.5 

Output Noise Voltage ITA - +250 C, 10 Hz <;;1 <;; 100 kHz) VN - 52 - IlV 

Long-Term Stability aVO/at - - 32 mV/l.0k Hrs 

Ripple Rejection (10 = 20 rnA, f - 120 HzI RR - 62 - dB 

Input-Output Voltage Differential IVin-VOI - 2.0 - Vdc 
10 = 1.0A, TJ = +250 C 

Average Temperature Coefficient of Output Voltage TCVO - -1.0 - mVf'C 
10 = 5.0 mA, rf'c <;;TA <;;+1250 C 
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MC7900C Series (continued) 

MC7912C ELECTRICAL CHARACTERISTICS (v," = -19 V 10 = 500 mA Ooc < T J < +1250 C unless other.",e noted.1 

Characteristic Symbol Min Typ Mox Unit 

Output Voltage ITJ = +25oC) Vo -11.5 -12 -12.5 Vdc 

Input Regulation Regin mV 

ITJ = +25oC, 10 = 100 mAl 
-14.5 Vdc;;;' Yin ;;;'-30 Vdc - 13 120 
-16 Vdc ~ Vin ~-22 Vdc - 6.0 60 

IT J = +250 C, 10 = 500 mAl 
-14.5 Vdc ~Vin ~-30 Vdc - 55 240 

-16 Vdc;;;' Yin ;;;'-22 Vdc - 24 120 

"Load Regulation Regload mV 

TJ = +250 C, 5.0 mA ';;10';; 1.5 A - 46 240 
250 mA ';;10 ';;750 mA - 17 120 

Output Voltage Vo -11.4 - -12.6 Vdc 
-14.5 Vdc;;;'Vin ;;;'-27 Vdc,5.0mA ';;10 ';;1.0A, P';;15W 

Quiescent Current (T J - +250 C) IS - 4.4 8.0 mA 

Quiescent Current Change DoIS mA 
-14.5 Vdc ~Vjn ~-30 Vdc - - 1.0 
5.0 mA';;IO';;1.5A - - 0.5 

Output Noise Voltage ITA - +250 C, 10 Hz';;l .;; 100kHz) VN - 75 - "V 

Long-Term Stability DoVO/Dot - - 48 mV/1.0 k Hrs 

Ripple Rejection (10 - 20 mA, 1 = 120 Hz) RR - 61 - dS 

Input-Output Voltage Differential IVin-VOI - 2.0 - Vdc 

10 = 1.0 A, T J = +250 C 

Average Temperature Coefficient of Output Voltage TCVO -1.0 mVr C 
10 = 5.0 mA, rf'C';;T A';; +1250 C 

MC7915C ELECTRICAL CHARACTERISTICS IV,n = -23 V, 10 = 500 mA, OoC <T J < +1250 C, unless otherw,se noted.J 

Characteristic Symbol Min Typ Mox Unit 

Output Voltage IT J = +250 C) Vo -14.4 -15 -15.6 Vdc 

Input Regulation Regin mV 

ITJ = +250 C, 10 = 100 mAl 
-17.5 Vdc;;;'Vin ;;;'-30 Vdc - 14 150 
-20 Vdc;;;' Yin ;;;. -26 Vdc - 6.0 75 

ITJ = +250 C, 10 = 500 mAl 
-17.5 Vdc;;;'Vin ;;;'-30 Vdc - 57 300 
-20 Vdc;;;' Yin ;;;. -26 Vdc - 27 t50 

Load Regulation Regload mV 
TJ = +250 C, 5.0 mA ';;10';; 1.5 A - 68 300 
250 mA ';;10 ';;750 mA - 25 150 

Output Voltage Vo -14.25 - -15.75 Vdc 

-17.5 Vdc ;;;'Vin ;;;'-30 Vdc, 5.0 mA ';;10';; LOA, P';; 15 W 

Quiescent Current (T J +25V C) IS 4.4 8.0 mA 

Quiescent Current Change DoIB mA 
-17.5 Vdc;;;'Vin ;;;'-30 Vdc - - 1.0 
5.0 mA <;10';; 1.5 A - - 0.5 

Output Noise Voltage IT A = +25uC, 10 Hz';;f .;; 100 kHz) VN - 90 - "V 

Long-Term Stability DoVO/Dot - - 60 mV/1.0 k Hrs 

Ripple Rejection (10 ~ 20 rnA, f = 120 Hz) RR - 60 - dB 

Input.()utput Voltage Differential IVin-VOI 2.0 Vdc 

10 -1.0A, TJ = +250C 

Averego Tempereture Coefficient of Output Voltage TC;VO -t.O mVI-C; 

10 - 5.0 mA, rf'c o;;TA o;;+1250C 
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MC7900C Series (continued) 

MC7918C ELECTRICAL CHARACTERISTICS IVin· -27 V, 10.500 mA, ooc <T J < +1250 C, unless otherwise noted.1 

Characteristic Symbol Min Typ MIIX Unit 

Output Voltage IT J • +250 CI Vo -17.3 -18 -18.7 Vdc 

Input Regulation Regin mV 
IT J • +250 C, 10· 100 mAl 
-21 Vdc ~ Vin ~-33 Vdc - 25 180 
-24 Vdc ~ Vin ~ -30 Vdc - 10 90 

IT J • +250 C, 10 • 500 mAl 
-21 Vdc;;' Vin ;;. -33 Vdc - 90 360 
-24 Vdc ~ Vin ~ -30 Vdc - 50 180 

Load Regulation Regload mV 
T J • +250 C, 5.0 mA <;; 10 <;; 1.0 A - 110 360 
250 mA <;;10 <;;750 mA - 55 180 

Output Voltage Vo -17 .1 - -lB.9 Vdc 

-21 Vdc;;' Vin ;;. -33 Vdc, 5.0 mA <;; 10 <;; 1.0 A, P <;; 15 W 

Quiescent Current (T J = +2SoC) IB - 4.5 B.O mA 

au iescent Current Change tolB mA 
-21 Vdc ~ Vin ~ -33 Vdc - - 1.0 
5.0 mA <;;10 <;; 1.0 A - - 0.5 

Output NOIse Voltage (TA = +2SoC. 10 Hz ~f ~ 100 kHz) VN - 110 - "V 

Long-Term Stability I!.VOll!.t - - 72 mVI1.0k Hrs 

Ripple Rejection 110.20 mA,'· 120 Hzl RR - 59 - dB 

Input-Output Voltage Differential IVin-VOI - 2.0 - Vdc 
10 ·1.0A, TJ· +250 C 

Average Temperature Coefficient of Output Voltage TCVO - -1.0 - mVloC 
10.5.0 mA, oDc <;;TA <;;+1250 C 

MC7924C ELECTRICAL CHARACTERISTICS IV,n· -33 V, 10.500 mA, oDC <T J < +1250 C, unless otherwise noted.1 

Characteristic Symbol Min Typ Max Unit 

Output Voltage IT J • +250 CI Vo -23 -24 -25 Vdc 

I nput Regulation Regin mV 
ITJ· +250 C, 10· 100mAI 
-27 Vdc;;' Vin ;;. -3B Vdc - 31 240 
-30 Vdc ~ Vin ~-36 Vdc - 14 120 

IT J • +250 C, 10 ·500 mAl 
-27 Vdc ~ Vin ~-38 Vdc - 118 480 
-30 Vdc ~ Vin ~ -36 Vdc - 70 240 

Load Regulation Regload mV 
T J • +250 C, 5.0 mA <;; 10 <;; 1.0 A - 150 480 
250 mA <;;10 <;;750 mA - 85 240 

Output Voltage Vo -22.8 - -25.2 Vdc 
-27 Vdc ~Vin ~-38 Vdc, 5.0 rnA ~ 10 ~ 1.0 A, P ~ 15 W 

QUiescent Current (T J = +250 C) IB - 4.6 8.0 mA 

Quiescent Current Change I!.IB rnA 
-27 Vdc;;' Vin ;;. -38 Vdc - - 1.0 
5.0 rnA <;;10 <;;1.0A - - 0.5 

Output Noise Voltage ITA - +25u C, 10 Hz<;;' <;; 100 kHzl VN - 170 - I'V 

Long-Term Stability "'Vol"'t - - 96 mV/1.0k Hrs 

Ripple Rejection 110 • 20 mA,' • 120 Hzl RR - 56 - dB 

Input-Output Voltage Differential IVin-VOI - 2.0 - Vdc 
10 • 1.0 A, TJ· +250 C 

Average Temperature Coefficient of Output Voltage TCVO - -1.0 - mVJDC 
10.5.0 mA, oDc <;;TA <;;+1250 C 
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MC7900C Series (continued) 

TYPICAL CHARACTERISTICS 
ITA = +2SoC unless otherwise noted.) 
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FIGURE 1 - MAXIMUM AVERAGE POWER DISSIPATION AS 
A FUNCTION OF AMBIENT TEMPERATURE ICASE 199·041 
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FIGURE 3 - PEAK OUTPUT CURRENT AS A FUNCTION OF 
INPUT·OUTPUT DIFFERENTIAL VOLTAGE 
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FIGURE 5 - RIPPLE REJECTION AS A FUNCTION OF 
OUTPUT VOLTAGES 
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FIGURE 2 - MAXIMUM AVERAGE POWER DISSIPATION AS A 
FUNCTION OF AMBIENT TEMPERATURE ITO·3 TYPE PACKAGE 1 
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FIGURE 4 - RIPPLE REJECTION AS A FUNCTION 
OF FREOUENCY 
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FIGURE 6 - OUTPUT VOLTAGE AS A FUNCTION 
OF JUNCTION TEMPERATURE 
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MC7900C Series (continued) 

TYPICAL CHARACTERISTICS Icont,nued) 

5. 2 

fiGURE 7 - OUIESCENT CURRENT AS A FUNCTION 
OF TEMPERATURE 
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DEfiNITIONS 

Line Aegulation - The change In output voltage for a change In 
the input voltage. The measurement IS made under conditions of 
low dissipation or by uSing pulse techniques such that the average 
chip temperature is not significantly affected. 

Load Regulation -- The change 10 output voltage for a change 10 

load current at constant chip temperature. 

MaXimum Power Dissipation - The maximum total deVice dissi­
pation for which the regulator Will operate within speCifications . 

QUiescent Current - That part of the Input current that IS not 

delivered to the toad. 

Output Noise Voltage -- The rms ae voltage at the output. with 
constant load and no Input ripple, measured over a specified fre· 
quency range. 

Long Term Stability - Output voltage stability under accelerated 
life test conditions with the ma)(lmum rated voltage listed in the 
devices' electncal characteristics and maximum power dissipatIOn 

OUTLINE DIMENSIONS 

ll~ r~, 's~1 

~
PLAN" 

J 

• 
__ R 

M I. G 

LEAO CONFIGURATION 
PIN 1. GNO 

2. OUTPUT 
CASE: INPUT 

NOn: 
I.OIM··C··ISOIA 

MIUIMETE S INeMU 
O.M ••• MAX M •• MAX 

lU7 I. ... 

2'" .. "" .J 1 
0." ". O.OB 0.043 

34' 0.135 ... .... 1.117 1.197 

• 11.11 0..20 ..... 
• • " 0.2 ,. 1115 0.SS5 0.175 

11.18 12.19 .... 0 .... 
'.84 '09 OISI 0.161 

21.67 '05' 

L.d111t90ld pliledCtlp""to'edKo"'" 
'T"d.nwko'WnI'nIlIhr;lu.EII(Ir,cCofpll""OO 

G,oundeonnKlidtoCl •. 

Md •• ,.c"" 
CAU"·II 
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lEAD CONFIGURATION 

PIN 1. GND 
PIN 2 OUTPUT 
PIN] INPUT 

Helll,nk,u,l.utonnectedtop,03 

IIILLIMETERS , H 
D'. • • X ., X 
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MC7900C Series (continued) 

APPLICATIONS INFORMATION 

Onign Consi_ationl 
The MC7900c Series of fiJCed voltage regulators are desi!Jled 

with Thermel Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition, I "ternal 
Short-Circuit Protection that limits the maximum current the cir­
cuit will piss, and Output Transistor Safe-Area Compensation that 
reduces the output short-circuit current 85 the voltage across the 
PBH transistor is increased. 

In many low current applications, compensation capacitors are 
not required. However, it is recommended that the regulator 
input be bypassed with 8 capacitor if the regulator is connected 

FIGURE 8 - CURRENT REGULATOR 

10 = 200 mA 
Input 

Vo ~10 V 

2'+ 1.0 ",F 

e-~----------------~+---------__ .Gnd 

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 rnA. 
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 10 - OPERATIONAL AMPLIFIER SUPPLY 
(±15V@1.0AI 

+20 V +15 V 
Input Output 

0.33"F 1N4001 
or Equiv 

Gnd Gnd 

-20 V -15 V 
Input Output 

The MC7815 and MC7915 positive and negative regulators may 
be connected as shovvn to obtain a dual power supply for oper· 
ationll amplifiers. A clamp diode should be used at the output of 
tlw MC7815 to prevent potential latch·up problems. 
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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 ~F 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 ",F 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 no. external 
sense lead. Bypassing the output is also recommended. 

-10 V 

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

I nput ____ --'\N\~ ..... ~( 
-5.0 V 

'),-------------..... _ Output 

Gnde---------------~------+_------~_eGnd 
-Mounted on common heet sink, Motorola MS·100r equivalent. 

When a boost transistor is used, short-circuit 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/ASC. 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 11 - TYPICAL MECL SYSTEM POWER SUPPLY 
(-5.2 V@ 4.0 A and -2.0 V@ 2.0 A: lor PC Board) 

-12 V 

Input 

Gnd 

-5.2 V 

>-----'V'."v-------_--_Output 

-2.0 V 
..... --~W\r------e---+_ Output 

When current·boost power transistors are used, 4 J·ohm base·to· 
emitter resistors (RI must be used to bypass the quiescent current 
at no load. These resistors, in conjunction with the VBe 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. 



RANDOM ACCESS MEMORY MCM7001L "\ 
MCM7001L-l ~-----------' 

Advance Inf'orxnation 

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 (MCM7001 L) 
= 75 ns Maximum (MCM7001.L-l) 

• Cycle Time = 180 ns Minimum 

• Static Operation 

• Low Power Dissipation 
640 IIW/Bit Maximum Active 

60 IIW/Bit Maximum Standby 

• Differential Current Sinking Outputs 

• On-Chip Address Registers 

• Low-Voltage Inputs (Except Chip Select) 

• Chip Select for Memory Expansion 

• MCM7001 L Direct Replacement for AMS7001 

ABSOLUTE MAXIMUM RATINGS (See Note 11 
(Referenced to most negative supply voltage, Vsx.l 

Rating Symbol 

Supply Voltages VDD 

VREF 

VSS 

I nput and Output Voltages Vin,Vout 

Operating Temperature Range TA 

Storage Temperature Range Tstg 

Value Unit 

-0.5 to +25 Vdc 

-0.5 to +25 Vdc 

-0.5 to +10 Vdc 

-0.5 to +25 Vdc 

o to + 70 ue 
-55 to +125 °e 

NOTE 1 Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGSareex­
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 deyice reliability 

'0 

Ditta (" 10,,,1 60--

BLOCK 
DIAGRAM 

W",. E"abl. lWEI 70---------0-1 C"cu,uy 

AO 

A' 
AJ 

Buff." 

VDD 

VSS· 
v,x 

17 Data Oel' IDoel,1 

16 Da';I0ul (OOul' 

14 CI'I,pSelec\ ICSI 

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

AO 

VSS 

NC 

op 

D,n 

WE 

A9 

A8 

A7 

A6 

MOS 
IN-CHANNEL. METAL GATE) 

1024-BIT STATIC 
RANDOM ACCESS 

MEMORY 

CERAMIC PACKAGE 

CASE 694 

PIN ASSIGNMENT 

22 At 

21 A2 

20 A3 

19 A" 

18 VDD 
17 Dout 

16 Dout 

15 VAEF 

" CS 

10 13 NC 

11 12 A5 

This deyice 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. 



MCM7001 L,MCM7001 L-l (continued) 

RECOMMENDED OPERATING CONDITIONS IF T ull emperature R ange 

Parameter Symbol Min Nom Max Unit 

Supply Voltages VOO 14.7 15.5 16.3 V 

VREF 7.0 7.5 8.0 V 

VSS 0 0 0 V 

VSx -2.7 -3.0 3.3 V 

Logic Leyels 
Input High Voltage IAn, Din, WE) VIH 4.0 - 5.5 V 

Input Low Voltage (An. Din. WE) VIL -1.0 - 0.8 V 

Chip Select High Voltage VCSH VOO -1.0 VOO + 1.0 V 

Chip Select Low Voltage VCSL -1.0 - 1.0 V 

Charge Pump High Voltage VpH 8.0 - 12 V 

Charge Pump Low Voltage VPL VSx - 2.0 - VSx - 5.0 V 

Timing (tCSr and tCSf - 10 ns) 
Chip Select On Time TCS 80 - 500 ns 

Chip Select Off Time TCS 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 (An. Din, WE) TIS 0 - - ns 

Address Hold Time TAh 40 - - ns 

Write Valid Time TWv TCS + TIS - - ns 

Data I n Valid Time TOv TCS + TIS - - ns 

Charge Pump Input Frequency f pump 200 - 1000 kHz 
(See Figure 1 for waveform 
characteristics) 

DC ELECTRICAL CHARACTERISTICS IFull operating voltage and temperature range unless otherwise noted.1 

Characteristic Symbol Min Typ Max Unit 

Input Current (An. Din) IIH - 0.4 1.0 mA 

IVI = 4.0 V, VCS = 01 

Write Enable I "put Current (V I - 4.0 V. V CS - OJ IWH 10 ~A 

Chip Select I nput Current, Average Over Operating Mode ICSH - - 10 mA 

IVA = VI L, T eye = 180 nsl 

Chip Select Low Input Current ICSL -11 mA 

IV A = 4.0 V, V CS = 01 

Differential Output Sink Current 100 0.2 - - mA 

Supply Current, Unselected Mode ISXU - - -100 ~A 

IVCS = 01 IDOU - 2.5 3.0 mA 

IREFU - - 60 ~A 

Supply Current, Operating Mode ISX -400 "A 
ITeye= 180nsl 100 - 25 35 mA 

IREF - 6.0 10 mA 

AC ELECTRICAL CHARACTERISTICSIFul1 operating voltage and temperature range unless otherwise noted.1 

Characteristic Symbol Min Typ Max Unit 

Access Time (I DO '" 0.2 mA, tCSr - 10 ns, MCM7001 L T aee - 45 55 ns 
RL = 100ohms,CL = 50pF, Figure 21 MCM7001 L-l - - 75 ns 

Address Capacitance'" CA 5.0 6.0 pF 

Write Enable Capacitance 
. 

VI = VSS, CWE - 5.0 6.0 pF 

Data In Capaci tance . f = 1.0 MHz COl 5.0 6.0 pF 

Charge Pump I nput Capacitance- COP - 65 80 pF 

Data Output Capacitance'" COO 6.0 pF 

IVCS = VSS, f = 1.0 MHzl 

Effective Chip Select Capacitance (Figure 3)- CCSIEFFI - 65 80 pF 

·Capacitances are periodically sampled rather than 100% tested. 
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MCM7001 L, MCM7001 L-l (continued) 

VCSH 
Chip 

Select 
VCSL 

V,H 

Address 

V,L 

Write 

Enable 
V'L 

V'H 
Data 

In 
V ,L 

Data 
Out 

Current 
0 

FIGURE 1 - CHARGE PUMP OSCILLATOR WAVEFORM REQUIREMENTS 

Characteristic Symbol Min Max Unit 

Rise Time " 100 ns 

High Level Dwell Time tQPH 100 ns 

Fall Time " 100 500 

Low Level Dwell Time tQPL 100 

FIGURE 2 - MEMORY TIMING OIAGRAM 

___ -+ ____ Read Cycle 

(T eye) 

£\ 
FIGURE 3 - MEASUREMENT OF EFFECTIVE CHIP SELECT CAPACITANCE 

.. 15 V 

o----1CS MCM70011 
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The effective capacitance of the Chip Select input 
terminal CCS(EFFl is determined by measuring the dif­
ference In rise times of the voltage waveforms at pOint A 
with and without the Chip Select terminal connected 

CCSIEFFI ",Kt.t, 
where K ~ 'K/V (15 V) 

'K ~ 100 rnA 



MCM7001 L,MCM7001 L-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 Output and 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 03 "on" and 04 "off". In this state, Cl is charged and 
C2 discharged. Over a period of time, Cl 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 ti me. 

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 B 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 
VSS 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 

L""--_--;: 
10 n COP f2 

where n = total number of RAMs, 
COP = charge pump capacitance, and 

f = frequency. 

Typical values will therefore be 

Frequency Number of RAMs Inductance (Ll 

800kHz 8 30QjJ.H 

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 
(Ouad 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 VDD ± 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, Dout and Dout, are current sinking 
terminals and require pullup resistors. If a logic "1" exists 
in the addressed location, Dout will sink a minimum 
current of 200 IJ,A toward ground, while Dout is a high 
impedance. If a logic "0" exists, Dout will be a high 
impedance and Dout 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 (Dout and Doutl is fixed at one diode drop above 
VR EF· 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., .:l200 IJ,A = Lll00 mV; Ll400 IJ,A = Ll200 mV). For a 
fast MECL system the MC 1650 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 rece'iver 
could also be used for the differential amplifier, The 
MC10125 quad MECL·to·MTTL translator, which has a 
propagation delay of 5.0 ns can 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 9 is 
that up to 16 memory outputs can be tied together 
without appreciably affecting the access time. 



MCM7001 L,MCM7001 L-1 (continued) 

Sit/Sense 
"0" 

FIGURE 4 - BASIC MEMORY CELL 

Charge 
Pump 

From Oscillator 

Vss 

F rom Decoder 

Charge 
Pump 

Bit/Sense ,", .. 

FIGURE 5 - CHARGE PUMP OSCILLATOR 

~ 15.5 V 180 

, , 
MCM70010pH 

MCM7001 QP~ 

A 

10 V 

-S.2V 
B 

, 

Hap MCM7001 

6..-10P MCM7001 

FIGURE 6 - ADDRESS INPUT DRIVER 

NOTES 
1 OIM"V"TO INSIDE 

OF LEADS (MEASURED 
O~I mm (0.0201 FROM 
PACKAGE BASE) 

2 lEADSWITtUNO~ 
RADIUM OF TRUE 
POSITION (TP)AT 

,;4 

MC10125 
r---, 
I I 

150 v .. 5.0 V 

470 

ME C L 0-----1--<1 I 
Input >--;---0 ............ -. 

CASE 694 

SEATING PLANE 
WITH MAlIlMUM 
MATERIAL 
CONDITION 

J LEAD No. 1 IDENTI 
FifO BY NOTCH ON 
TOP 

DIM 

A 
B 
C 
D 
F 
G 
H 
J 
K 
L 

+. N 

I 
I 
I 

HAn MCM7001 I 
I 

LJ MCM7001i 
[An . 

PACKAGE DIMENSIONS 

MILLIMETERS 
MIN MAX 

26.54 27.94 
9.02 9.40 
3.30 4.06 
0.38 0.53 
1.02 1.27 
2.54 SSC 

0.89 1.40 
0.20 0.30 
2.92 3.68 
9.78 10.79 

0~51 
15' 
·'.52 

SEATING PLANE 

INCHES 
MIN MAX 

1.045 1.100 
0.355 0.370 
0.130 0.160 
0.D15 0.021 
0.040 0.050 

0.100 8SC 
0.035 0.055 
0.008 0.012 
0.115 0.145 
0.385 0.425 

15' 
0.020 0.060 

CASE 677 

The MCM7001 may be pack· 
aged in Case 677 (white ceramic) 
rather than in Case 694. If your 
application requires precise toler 
ances, consult the factory. 
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MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 27.05 21.94 1.065 1.100 
C 2.16 3. 0.085 0.14 
D 0.43 0.58 0.017 0.023 
F 1.02 REF 0.040 REF 
G 2.54BSC 0.100BSC 
H 0.76 1.78 0.030 0.070 



MCM7001 L,MCM7001 L·1 (continued) 

FIGURE 7 - DATA INPUT DRIVER 

+5.0 V 
1/4 

MC10125 
330 

MECL I Din 
MCM7001 I I Input 

FIGURE 8 - CHIP SELECT DRIVER 

+15Ve_--~------------------~----._----__, 

MECL 
Input 

MPS834 

360 

620 

91 

MPS834 
or Equiv 

360 

MPS3646 
10 1 k 

-5.2 V e_-_._--------_---------' 

IMCM7001 ~out~ 
00ut I 

I I 
I I 

FIGURE 9 - OUTPUT SENSE CIRCUIT 

2N4209 
or Equiv 
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or Equiv 
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PHASE·LOCKED LOOP 
COMPONENTS 



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 LDGIC (TYP) 

FUNCTION NUMBER FAMILY MHz CHARACTERISTICS 

Phase-Frequency Detector MC4044 MTTL 10 Consists of two diSital phase detectors, 
charge pump. and amplifier 

Phase-Frequency Detector MC12040 MECL 80 Operation similar to MC4044 

Voltalle·Controlied Multivibrator MC4024 MTTL 25 Contains two independent voltage-
controlled multivibrators with output 
buffers 

Voltage-Controlled Oscillator MCI648 MECL 200 Emitter-coupled oscillator 
with output levels 
compatible with MECL III 

Digital Mixer/Translator MCI2000 MECL 250 A "0" flip·flop with MTTL to MECL and 
MECL to MTTL translators 

Two-Modulus Prescaler MCI2012 MECL 200 ~2, '75/'76, ~IOh·11, '710/'712 

Two-Modulus Prescaler MC12013' MECL 400 '710/11, '710/12 

Counter Control Logic MCI2014 MTTL 25 Used with MCl2012 and MC74416 
to accomplish direct high-frequency 
programming 

Crystal Oscillator MCI2060 MECL 100 kHz to Provide complerflentary sine wave, 
2 MHz ~fn~r~~~d:~artt~iil~'!~~r~~:p~t~~ 

Crystal Oscillator MC12061 MECL 2 MHz to 
Frequency stability prOllided by external 

20 MHz 
crystal (fundamental, series mode). 

COUNTER OPTIONS 

Programmable Divide By N MC74416 
Decade Counter (MC4016) 

MTTL 10·· '70 throullh 9 

Two Programmable Divide By N MC74417 MTTL 10·· '70·1, '70 through 4 
Counters 

Programmable Divide By N MC74418 MTTL 10·· '70 throullh 15 
Hexadecimal Counter (MC4018) 

Two Programmable Divide By N MC74419 
Counters 

MTTL 10·· '70 through 3 

Universal Counter MC4023 MTTL 30 '72 through 12 except 7 and 11 

Decade Counter MC7490 MTTL 20 '72,'75, '710 

Bi·Quinary Counter MCI678 MECL 325 '72, '75,'710 

UHF Prescaler Type D Flip-Flop MCI690 MECL 500 '72 

Universal Hexadecimal Counter MCIOl36 MECL 150··· o to 15 

Universal BCD Decade Counter MCIOl37 MECL 150··· '710 

Decade Counter· Divider MCI4017 MeMOS 5 '710 

Binary Counter MC14040 MeMOS 10 '7(2") 

BCD Presettable Up/Down Counter MCI4510 MeMOS 6 '710 

Binary Up/Down Counter MCI4516 MeMOS 6 '716 

Dual BCD Up Counter MCI4518 MeMOS 6 '7100r'7JOO 

Dual Binary Up Counter MCl4520 MeMOS 6 '716 or '7256 

BCD Prollrammable Divide By N MCl4522 MeMOS 5 '70 throullh 9 

Binary Programmable Divide By N MCI4526 MeMOS 5 '70 throullh 15 

(.) To be announced. 
( .. ) Speed can be increased to 25 MHz (typ) when used with MC12014 

( ••• ) When used as a prescaler, it is possible to extend the input frequency to over 200 MHz with the 
MCI0231; to 300 MHz with the MC1670; or to over 500 MHz with the MCI690 
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VOLTAGE·CONTROLLED 
OSCILLATOR 

MC1648 

110) 

112) 

15) 

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 51 typ 
Power Dissipation = 150 mW typ/pkg (+5.0 Vdc Supply) 

Maximum Output Frequency == 225 MHz typ 

MECL III MC1600 series 

The MC1648 is an emitter·coupled oscillator, construc­
ted on a single monolithic silicon chip. Output levels are 
compatible with MECL III 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 
or a -5.2 Vdc supply, depending upon system requirements. 

I SUPPLY VOLTAGE GND PINS SUPPl Y PINS 

I +5.0 Vdc 7,8 1,14 

l -5.2 Vdc 1,14 7,8 

FIGURE 1 - CIRCUIT SCHEMATIC 

+---+---+---+---{ a1 0 

t---t---t---i all 

a12 

014 Q13 f-T-+-,-+--++-t 

D2 

171 
Vee 1 

(101 
818S Pt 

(121 
Tank 

VCC2 
(141 

(8) (5) 

Vee 2 AGe 

vee1 
11) 

Output 

Numbers in parerUhesls denote pm number for F package (Case 6071, L package (Case 632), and P pacKage (Cas.e 6461 

FIGURE 2 - SPECTRAL PURITY OF SIGNAL AT OUTPUT 

B.W. "" 10 kHz Scan Width = 50 k Hz/div 

Canter Frequency"" 100 MHz Vertical Scale:: 10 dB/div 

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

C'" 3.0 - 35 pF r--"'~"--"'''''' +5.0 Vdc 

110) 

(3) 

(12) 
(5) 

X 0.1jlF 

1200' 

Signal 
Under 
Test 

-The 1200 ohm resistor and the scope termina· 
tion impedance constitute a 25: 1 attenuator 
probe. Coax shall be CT ·010·50 or equivalent. 



MC1648 (continued) 

ELECTRICAL CHARACTERISTICS 

SupplV Vol~ ~ +5.0 volts 

p" .... 
OI._~I"IC Symbol 

p_ Supply 0 •• ," CU"'n! 
" logK ."" VO:~ , .. 

Output Vall. 

LOOOC "0" YO' ". Oulpul Volt. 

B, .. Voll. Ve,n" '0 
,., 

P • ..,·la·P .... rink Voll-.JII 1I!).p " OutPUt Duty Cyel. VDC 

OseillatlOnF~uerw:y '-. 

(101 

(121 

·"'c 
M .. ... 
3<0 

, .. 
T" .... 

r-------, 
I I 

: : (31 
I Output 

I L _______ J 

(51 

M:164. Tnt L""," 

-.. ,,<: +850C 

"'. .... M .. 
.0 

" .. .,S •• 
320 '<J J2' , ... 

". 'SO 

M" T" .... M," T" .... 
SO 

2DO 225 

.T ... 
r..,....''''. ·,..C 

-.. ,,<: 
... ·C 

mAde 

TEST VOL 'AGE/CUAAlNT VALUES 

(Voitel 

YIHma. YIL,,"n Vee 'L 
·'.960 +1410 SO ·SO 

+1.800 ., JOO SO ·SO 
+1.680 +1180 SO ·SO 

TEST VOL 'A.GE/CURRENT ... HlIED TO 
'INS LISTED BELOW 

1,'4 

12 1.14 

1.1" 

1,14 

Se,F'gur,3 

1.14 

1,14 

"Thl' mUlUrll~1 "" ... nleft Ihedc pOlln",11l the bIll oo,nl lor purpOWI 01 IflcOt'POrll'"g a vataclor lun.ng dIode <II thIS pOlnl 

ELECTRICAL CHARACTERISTICS 

SupplV Volt_ = -5.2 volts 

ett ... -= ..... 1t1C Symbo1 

Po- Supply Or .. n Current '. logtC··'·· VOH 
Output VolI.,. 

logtC "0" YO, 
Output Voll.,. 

8."Voh .. V8 ... " 

,.. .... ·to·P •• rink Vol,. Vp .p 

Output Duty Cyel. VDC 

Otc.llltronFr~u.nc:y '-. 

p," 

""""' T_ 

'0 

" 

(101 

(121 

·"'e 
Min M .. 

-0815 

., 890 -, 650 

-3690 . ,,," 

M;" T" .... 
- 1 -I -

r-------, 
I I 

: : (31 
I Output TEST YOL TAGE/CURLlltENT VALUES 

I (VoIu) 

L _______ J .r.I' 
VILmin I T • ...,.....I .... VIHm .. VEE 'L 

·3O"e -3300 ·'800 ·52 ·5.0 

(5) - .. ,,<: ·3-400 -3.900 ·51 -.0 
+l6o C -3500 -4000 ·52 ·&.0 

M(:1&48T ... L.imiti TEST VOL TAGE/CURIUNT APPLIED TO 
PINS LISTED BEL.OW 

VIMm .. Vllm.n VEE 'L ., 7.' 
.. 960 -07,. .. - "'60 12 7 .• 

-1.620 -1830 -'575 Vd< 7.8 

·'800 ·'500 -3.920 -3620 7.' - T" .... M;" T, • .... 
500 s..F'lIur.3 7.' 

50 SeeF • ..,r.J 7.' 

200 1 215 1 - -I - 1 MH, SeeFllUr.3 7.8 

FIGURE 3 - TEST CIRCUIT AND WAVEFORMS 

Vee 

~ ... 
r~'1LJ!l, 
I I 
I I 

I 

6-6 

·Use high impedance probe ( >1.0 Megphm must 
be used). . 

• -The 1200-ohm 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 ground. 

V" 
IGndl 

7.8 

7.' 

7.' 

7.' 

'.' 
7.8 

'-' 

Vee 
(Ond) 

1.1" 

1.1" 

1.1" 
T.l • 

1.'" 
I.'" 
I.'" 



MC1648 (continued) 

OPERATING CHARACTERISTICS 

Figure 1 illustrates the circu it schematic for the MC 1648. 
The oscillator incorporates positive feedback by coupling 
the base of transistor 07 to the collector of 08. An auto· 
matic gain control (AGC) is incorporated to limit the cur· 
rent through the emitter·coupled pair of transistors (07 
and 08) and allow optimum frequency response of the 
oScillator. 

In orderto maintain the high a of the oscillator, and pro· 
vide high spectral purity at the output, a cascode transistor 
(04) is used to translate from the emitter follower (05) to 
the output differential pair 02 and 03. 02 and 03, in 
conjunction with output transistor 01, provide a highly 
buffered output which produces a square wave. Transistors 
010 thru 014 provide the bias drive for the oscillator and 
output buffer. Figure 2 indicates the high spectral purity 
of the oscillator output (pin 3). 

FIGURE 4 - THE MCl648 OPERATING IN THE VOLTAGE 
CONTROLLED MODE 

(12) 
(5) 

~C2 

When operating the oscillator in the voltage controlled 
mode (Figure 41. it should be noted that the cathode of 
the varactor diode (D) should be biased at least 2 VBE 
above VEE ("" 1.4 V for positive supply operation). 

When the MCl648 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 

! 100 

"' VCC 5.0 Vdc Oscillator Tank Components 
~ 
It (Circuit of Figure 4) 

z" f L 
Q ~ MHz 0 I'H 
I-« 1.0·10 MV2115 100 
:; ....... 10-60 MV2115 2.3 w 10 Q 60·100 MV2106 0.15 
> u 
z 
w 
:J" 
0 
w 
It 
u. 

1.0 
~ 1.0 10 100 

f, OPERATING FREQUENCY, (MHz) I Signal Generator 

I l 
HP 608 

20 kHz .bov, MCI648 Froquoncy ~ or EQuiv 

300mV 

II' 
l 10mV I 

IB.W. - 1.0 kHz Voltmeter 

I 
MC1~ Product 20 kHz Fr~u.ncy 

RMS Attenuator I Mo"" Under TI. O.tector I L HP~~OA HP3400A or Equiv MCI848 or E ulv 
Frequency (1) 

F requlncy Deviation· 
(HP5210A oUtJ)ut voltlge) (Full Selll Frequency) 

1.0 Voll 

NOTE: Any frequency deviation clulld by thl •• n.I' .... tor end MC1648 power 
iu_'y Ihould bl determined end mlnlmzld prior to tlltlnl. 

6·7 



MC1648 (continued) 

64 . 60 
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! 
> 

92 
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Z 
III 44 
:> a 40 
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I-
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TRANSFER CHARACTERISTICS IN THE VOLTAGE CONTROLLED MODE 
USING EXTERNAL VARACTOR DIODE AND COIL. TA· 25°C 

FIGURES 

L: Micro Metel Torold.1 Cor. #T44-10. 
4 turn, of No. 22 copper wir •. 

Vin 

(10) I J ...... 1-"" 
V 

"~'~' /' • k 

I'FI!L I I f 
/' = (I : (3) out 

,,1 I I 

/ 
L. _______ ~ 

II" 
('2) MV140. (5) 

V 51'F l Vee1 .: VCC2 == +5 Vdc: :;J;0.'I'F 
Vee 1 '" VEE2 ::: God 

\.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 .0 -The 1200 ohm resistor and the scope termIna-

Vin,lNPUT VOLTAGE (VOLTS) 

FIGURE 7 

/ 

/ 
/ 

/ 
/ 

/ 

tion impedance constitute II 25: 1 attenuatar 
probe. Coax shall be CT -010-50 or equivalent. 

L: Micro Metal Toroidal Core IT44·10, 
4 turns of No. 22 copper wire. 

Vin 

C = 500 pF IJ 
I k 0"r:(~0~) ;--------""] 1200· 

I'FI (: : 
CL C I f out 

= 1 I : (3) 

,,~ I I 

M~O' (12) '---------' 
(5) 

5I'FI_ Vee, '" VCC2 = +5 Vdc ""= 0.1 ",F 
VEE1 "" VEE2 = Gnd ..L 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 '0 -The 1200 ohm resistor and the scope termina­
tion impedance constitute a 25: 1 attenuator 
probe. Coa", shall be CT -070-50 or equivalent. 

Vin. INPUT VOLTAGE (VOLTS) 

FIGURE B 

L: Micro Metal Torodial Core #T30-22. 
5 turn, of No. 20 copper wir •. 

VCCI = VCC2 = +S Vdc 0 ./ Von 

51'Ff 

0.' -!=" ./ VEEl = VeE2 '" Gnd 
I'F:t 

('0) V 51 k 

/ , 
~'-' ~g 1/ I I 

~ • L : : f out 

=~~ ) /' 
( I (3) 
I 0 

./ 
L. _______ ~ 

V (12) 
(5) 

./ :;J;0.'I'F ....... 
1.0 2.0 3.0 4.0 6.0 6.0 7.0 8.0 9.0 10 -The 1200 ohm resistor and the scop. termina-

tion impeda'lce con,titute a 25: 1 attenuator 
Vin. INPUT VOLTAGE (VOLTS) probe. Co.", 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 iIIus· 
trates the osci lIator operating in a voltage controlled mode 
with the output frequency range Ii mited. This is achieved 
by adding a capacitor in parallel with the tank circuit as 
shown. The 1 kn 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 kn) 
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 yco (max) + Cs 

fmin yco (min) + Cs 

1 
where fmin = 

21T Y L (CO (max) + Cs) 

Cs = shunt capacitance (input plus external 
capacitance ). 

CD = varactor capacitance as a function of 
bias Voltage. 

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

Capacitors (Cl 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 M Hz and 50 
MHz a 0.1 J.lF capacitor is sufficient for Cl 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 MCl648, 
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 
to increase the tank circuit peak·to·peak voltage in order to 
maintain a square wave at the output of the MCl648. This 
is accomplished by tying a series resistor (1 kn 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 MC 1648 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· 

6-9 

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 AN-532A, AN·535, AN-553, 

AN·564, and AN·594. 



MC1648 (continued) 

FIGURE 9 - TYPICAL FREQUENCY SYNTHESIZER APPLICATlQN 

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-METHOOOF OBTAINING ASINE·WAVE OUTPUT 

+5.0 Vdc 

N :: Np. P + A 

Voltage­
Controlled 
Oscillator 
MC1648 

r---..... -- f out 

f out = Nfref 
where 

N = Np. P + A 

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 L 1 and 
Cl at resonance. The opti mum value for R at 100 MH z is 
approximately 850 ohms. 

FIGURE 11 - METHOO OF EXTENOING THE USEfUL RANGE 
Of THE MCI648 ISQUARE WAVE OUTPUTI 

+5.0 Vdc 

1--+--<> Output 

1 k min 

8 

I 
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MC1648 (continued) 

FIGURE 12 - CIRCUIT SCHEMATIC USED FOR COLLECTOR OUTPUT OPERATION 

j---j----j 0'0 

j---j---f----j 01' 

012 

Q14 O'3~-1_~.--1_---1_~ 

(7) 

VEE1 

02 

I'~) L2 

Bias Pt. j-_"jf~C=2-, 

(12) 
Tank 

VCC2 
(14) 

+5.0 v 

1.2 k 

+9.0 V 

l' .01.I'F 

A 

11) <r--+----+---''---- Output 

C3 

(8) 

VEE2 

15b)-I..-.. -I..-,-0------,_ .. +5.0 V 

AGC1'~ ~ . I' 

o 

FIGURE 13 - POWER OUTPUT v.nus COLLECTOR LOAD FIGURE 14 - POWER OUTPUT versus COLLECTOR LOAD 

See test circuit, Figure 12. f = 100 MHz See test circuit, Figure 12, f = 10 MHz 

C3 0 3.0 - 35 pF C3 = 470 pF 

Collector Tank Collector Tank 

L1 = 0.22 ~H C1 :: 1.0 - 7.0 pF L1=2.7IJH C' 0 24 - 200 pF 
A 0 50n -'Okn A 0 50 n - 10kn 

Rp of L 1 and C1 :: 11 k.{l@ 100 MHz Resonance Rp of L1 and C1 :: 6.8 kS1@ 10 MHz Resonance 

Oscillator Tank O.scillator Tank 
L2 = 4 turns #20 AWG 3/1S" 10 L2 = 2.7 J.lH 

C2 = 1.0 - 7.0 pF C2 0 16 -150 pF 

7 

- 6 

"' ~ 
"' 5 '\ ~' I E 
-4 

V I-

~ :J 
:: 3 

V :J \ 0 
",2 

14 

_'2 \ 
III \ ~ 
""0 
~ 

~ i 
8 10'" 

l- /" :J \ .. 6 I-
:J 
0 

"' 
4 

w w 
~ ~ 
12 1 0 2 .. 

0'0 100 1000 '0,000 
0 
10 100 '000 10, 000 

TOTAL COLLECTOR LOAD (ohms) TOTAL COLLECTOR LOAD (ohms) 
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DIGITAL 
MIXERITRANSLATOR 

MECL Phase-Locked Loop Components 

MC12000 

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

The MC12000 is intended for use as a digital mixer 
in phase-locked loop frequency synthesizers and other 
applications where a MECL "0" flip-flop with translators 
is required_ Toggle frequency is typically 250 MHz_ MTTL 
to MECL and MECL to MTTL translators are provided to 
facilitate interfacing with MECL or MTTL circuits_ 

The MC12000 is designed to operate from a single power 
supply of either +5_0 Vdc or -5_2 Vdc_ 

FIGURE 1 - LOGIC DIAGRAM 

1~13 
2~12 

3~11 
~10 

5 

9 

8 

0 

0 

0 

1 

1 

Vee - Pin 14 

Vee'" Pin 7 

an On+l 
0 0 

1 0 

0 1 

1 1 

4 

6 

'1 

Note: All MECL outputs have 610-ohm internal pulldown resistors. 
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0 

C 

Input OR/NOR 

Output 

CERAMIC PACKAGE 
CASE 632 

Pin Assignment 

1 0 14 

2 13 

3 12 

4 11 

10 

Vcc 

Q 

Q 

OR Output 

Translator Input 5 
NOR Output 

Translator Output 6 9 
+ Input 

VEE 8 
- Input 

FIGURE 2 - TYPICAL DIGITAL MIXER 

r---------, I MECL-MTTL MC12000 I 

I 0 Flip-Flop MECL I 
I ORINOR I 
6 1 10 I 
I 3 I 

I I 
I I 

fout 

L ____ 5 ____ -.J 



3: 
ELECTRICAL CHARACTERISTICS n 
Supplv Voltage 2 +5.0 V .... 

N 
0 
0 
0 

'=fJ:=" 8 
2 C i:i 12 ::J .... 

'-CX=" 
5· 
c: 

" ~ 

-{?-5 '0 4 
MECl 

TEST VOLTAGE/CURRENT VALUES 

'=B>- V .... mA 
_ '0 {, 

"T ... 

IL IloLT'oH 
8 MTll 

Tlrnpermfl YIHrnu VILmin I V'HAmin I YllAmu I VIL IVIH IVIHAIVR IVIHTIVILTlvcc 

0"" +4.160 +3.130 +3.855 +3.510 +0.5 +2.4 +5.0 +4. '2. :t"5.0 - ." 1 -1.8 

25"" +4.190 +3.150 +3.895 +3.525 to.5 +2.4 +5.0 +4.5 +2.0 +0.8 +5.0 -2.5 18 -1.8 

70"" +4.280 +3.110 "'3.955 +3.550 +0.5 +2.4 +5.0 +4.5 +2.0 +0.8 +5.0 -2.5 18 -1.8 

Pin MC12000 TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW: 
u_. .. e +25oC .76OC fYElI 

Ch8rlCteri.dc .... _0 TM Min MM Min TyO M .. Min M .. Unit VIHmax; VILmin VIHAmin VILAmu: VOL VOH VIHH V. VIHT VILT Vee °L °OL 00H1 and 
Power Supply Or.in Current o. 85 rnA"" 14 

9l Inpl,l1CuITent IINH1 2.0 /lAde 14 
200 

! 
1 

..... 200 
CAl IINH2 4.0 40 40 

IINH3 3.8 6." rnA"" 
3.8 6." 

IINLI 2.0 .A"" 

jl=I=I=IH IL_ .. 2.0 j o.unnd 2.0 

IINL2 -1.6 -1.6 -1.6 rnA"" 

IINL3 8 3.8 6." 

+ 9 2.0 4 .• 

Logic"'" VOH' 4 4.000 4.160 4.040 4.190 4.100 4.280 V"" 14 • 
OutpUt Volt .... 10 

l l l l l l l 
10 

11 11 
121 12 
13' 13 

VOH2 6 2.400 2.400 2.400 Vd, ,. 
Logic "0" I VOLl I 1~ 3.130 3.370 3.150 3.380 J 170 3.410 V"" 14 • 
OutpUtVol~ 

l ~ j l l l l l 
10 

11 11 
12t 12 
13. 13 

VOL2T 6 0.500 0.500 0.500 Vd, ,. 
logic "'" I VOMA I 1~ 3.980 4.020 4.080 Vd, ,. • 

Thrllhold Voltage 

l l l 1 
10 

11 11 
121 12 
13. 13 

logic: "0" VOLA I 4 3.390 3.400 3.430 Vd, 14 • 
Th"""ald Voltege 10 

l l l l 
10 

11 11 
12. 12 
13' 13 

Short Cin:uit Curr.nt T Osc T 6 -20 ~" -2. ·65 -20 ~" mAde ,. - I I - I 8.7 

tOulput Lwei to be ~..t after. clock pul. h. tlMn -,plied to the C Input (pin 2) V,Hmp 

IlVILmin 



C{J .... • 

ELECTRICAL CHARACTERISTICS 
Supply Voltage - -5.2 V 

PI. 

I .. _I u;:- o"c - MI. I -
Pow. Supply Oqjn Current IE 
InputCul"l'Wl' I IINH. I - I - I 

IIINH' 
40 

IINH3 

IINL1 
ll ..... 
"" ..... 1 

IINL2 -1.8 

IINL3 : 
Logic··,·---;----~VOH1 • -1.000 -<1.640 

Output VOI'-81 •• l l 11 
',t 
tl. 

VOH. -2.800 
logic "0" VOlt I • -1.870 -1.836 

OutPUt Vol .... I. 
11 

'" tl, 

VOLl ~.700 

logic"'" 
VOHA I • -1.020 

Th~Vol .... I. 
11 .. , 
tl, 

L.ooi<"." VOLA I • -1.815 
Tlu ... tuMd Vol. •• 

1 
11 
•• t 
tlt 

Shon Circuit CurNnt T ISC T 6 -.. .... 

,~" 
2~12 

,~" 
~" 

-8>-TH 
S '0 " Moe 

'=t>--Mm _ 10 6 

• n 

Me ..... 

.T .. T_ .. 
o"c 

.. "I: 
711"1: 

. .. "1: +711"1: 
MI·IT··I_ Min - Unit 

90 mAd' 

- I - I ~. .Ad< 

200 l 40 40 
3.0 6.S mAd< 
3.0 6.' ..• .Ad< ... ~ ... 

-1 .• -1.6 mAde: 

~: ~~ ~ 
-<I .... ~.810 -<1.900 -0.720 Vd. 

l 1 1 l 
-2.800 -2.800 Vd. 

-1.860 -1.820 -1.830 -1.596 Vd, 

1 1 1 ~ 
-4.700 -4.700 Vd, 

-0.980 -0.920 Vd< 

1 1 1 
-1.600 -1.575 Vd, 

l 1 
-.. .... -.. .... mAde 

tO~1PUt L.vet lObe ~r.t lifter • dock pul.habeen IPPlild to ItI.C input !pin 21 "IHm ... 
.n.VILmin 

TEST VOL TAGE!CURRENT VALUES 
V_ 

IL 
-2.6 ..... -• .6 
-2.6 

TEST VQLTAGEICURRENT APPLIED TO PINS LISTED BELOW: 

VIH_ VILmin VIMAmin VILArNx VIL VIH VIHH VR VIHT VILT V •• IL 

7 

! 
1.7 
'.7 
3.7 

: : 
• I. 
11 
t. 
tl 

• I. 
11 

•• tl 

• •• 11 

" 13 

• I. 
11 
t • 
tl 

6.7 

"'" 
IoL ION 1. -1.8 

to -1 .• 

18 -1.8 

IOL IoL 
lVeel .... 
I' 

•• 

1 
•• 

! ,. 
l ,. ,. 
1 
•• •• 
l 
•• 
l 
•• 

s: 
n ... 
N o o o 
8 
::J ... 
::J 
c: 
~ 
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AC ELECTRICAL CHARACTERISTICS 

CherKtlriltic 

Propagation Delay 
ISee Figure 4) 

OU1put Rise Time 
ISee Figure 4) 

Output Fall Time 
ISe. Figure 4) 

SltupTime 
IS .. Figure 5) 

HOld Time 
ISee Figure 5) 

Toggle Frequency 
ISee Figure 6) 

Symbol 

t2+13+ 

'2+13-

t2+12+ 

'2+12-

t3+11+ 

'3-11-

'3+10-

'3-10+ 
15+4+ 

ts-4-
t9+6+ 

'9-6-

t13+ 

t12+ 

tl1+ 

'10+ 
'4+ 

'13-

'12-

'11-

'10-
'4-

tsetup"1" 

tsetup"O" 

'hold"I" 

'hold"O" 

f.og 

Pin 
UncI.r o"C 

Tet Min M •• Min 

2.13 1.5 

2,13 1.5 

2.12 1.5 

2,12 1.5 

3,11 1.0 
3,11 1.0 

3,10 1.0 

3,10 1.0 

5.4 2.0 

5,4 1.0 

9.6 4.0 

9.6 3.0 

13 

12 

11 

10 

4 

13 

12 

11 

10 

4 

13 

13 

13 

13 

13 

MCl2000 

+25"c +75"c 

Typ M .. Ntin M •• Unit 

2.4 4.0 ns 

2.4 4.0 ns 

2.4 4.0 ns 

2.4 4.0 ns 

1.5 3.0 ns 

1.5 3.0 ns 

1.5 3.0 ns 

1.5 3.0 ns 

3 5.0 ns 

1.5 3.0 ns 

8.0 12.0 ns 

5.0 10.0 ns 

2.8 ns 

2.8 ns 

2.0 ns 

2.0 ns 

2.4 ns 

2.8 ns 

2.8 ns 

2.0 ns 

2.0 ns 

2.4 ns 

0.2 ns 

0.7 ns 

0.0 ns 

1.0 ns 

250 MHz 

Pulse Gen. 1 

2 

2 

2 

3 

3 

3 

A 

A 

2 

3 

3 

2 

2 

3 

3 

2 

2 

2 

2 

5 

5 

5 

5 

PulMOut 

13 

13 

12 

12 

11 

11 

10 

10 

4 

4 

6 
6 

13 

12 

11 

10 

4 

13 

12 

11 

10 

4 

VEE 
-3.2 V or -3.0 V 

7 

7 

7 

VCC 
+2.0 V 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

3: 
(') ... 
N o o o 
8 
::J 
~. 
::J 
c: 
~ 



MC12000 (continued) 

FIGURE 3 - SWITCHING TIME TEST CIRCUIT 

Coax 

Pulse 50 
Generator 

1 
IEH1371 

t- '" t+ :: 2.0 ± 0.2 os 

Pulse 
Generator 

2 
IEH1371 

t+ = t- '" 2.0± 0.2 os 100 

Pulse 
Generator 

Coax 

50 

Vin 

100 

Coax 

950 

3 lO:l-~--<> 
IEH1371 

t+ '" t- '" 5.0 ± 0.5 os 50 

All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. All unused cables 
must be terminated with 850 ohm 
resistor ±. 1 %. 

I 

~llll 
131 

1101 
Coax 

1 1 

~ 
~ 

I 
1191 I 

50 

~ ___ C_O_._X ______ V out 

400 
.-~ __ -----t---o-1~ 161 

L-~o-~ __ -+ __ -o-;~18~ )--~~~--~~.--. 
1/2 

MC10l09 
OR 50 100 

EQUIV. 

CT = 15 pF = total parasitic capacitance, which includes 
probe, widng, and load capacitances. 
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MC12000 (continued) 

Pulse 
Generator 

1 

Pulse 
Generator 

2 

Q 

(131 

Q 
(121 

OR 
(111 

NOR 
(101 

(91 

MTTL 
Out 
(61 

Pulse 
Generator 

3 

MECL 
Out 
(41 

FIGURE 4 - AC TEST VOLTAGE WAVEFORMS 

NOTES: 
1. Vee + 1.5 V 
2. Vee + 0.5 V max 
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MC12000 (continued) 

FIGURE 5 - SETUP AND HOLD TIME WAVEFORMS (See Figure 31 

Pulse 
Generator 

1 
Clock 

Pulse 
Generator 

2 
o 

0(13) 

Pulse 
Generator 

2 
o 

0(13) 
\'--__ --11 

FIGURE 6 - TOGGLE FREQUENCY TEST CIRCUIT 

Vee = +2.0 Vdc 

O.lI'F 

~ 
Sine Wave in = 800 mV P-to-P 50 TPin r- --, 

I 
I 

V out 

Coax 

450 

Sine Wave Generator 0.1 ,sF / I 

AC Coupled ~ \I----<~---_il__l 
HP 32008 or ~ C 01-1-----'-
Equivalent 

VSia5 = +0.700 Vdc o------~ 

(Use High 
Impedance Probe 100 
to Adjust V Bias) 

VEE 
OC Supply -3.2 Vdc or -3.0 V 

The maximum Toggle frequency of MC12000 
h. been exceeded when either: 

1. The output Peak-ta-Peak voltage swing 
falls below 600 mV 

2. The device. cease to Toggle (divide bV 21. 
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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. I n operation it 
is an MECL type "0" flip-flop with level translators to 
and from MTTL to accomodate most interfacing demands. 
Output frequency (fa) as a function of "0" and clock 
inputs is shown in Figure 7. I t can be seen that either 
direct or harmonic mixing may be employed, that is, fa 
may be either the difference between fO and fC or the 
difference between fO 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 

Use of the MC12000 in a non-harmonic PLL is straight­
forward (Figure 8). Output frequency is the sum of both 
input quantities (fl + fe) as long as fl is less than fC/2 
(See Figure 7). since fa 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. Oirect 
down-mixing does not change any loop characteristics ex­
cept the sampling rate which restricts loop natural fre­
quency to about fC/l0 in practical circuits. Although 

FIGURE 8 

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

FIGURE 9 

fe----------------~ 

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) fl < fC12. 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: 

N < fO(min) - fl 

2~fO 

Nfc = fO(min) - fl 

where NO = change in output frequency. 

FIGURE 10 

Ie ----------------~ 

(1) 

(2) 

Using Equations (1) and (2) above the minimum value 
of fC may be found for 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-mix ing synthesizers. 
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MC12000 (continued) 

DESIGN EXAMPLES 

Example #1 

Output Frequency: 48-54 MHz 
Frequency Increments: 10 kHz 
Using Equations (1) and (2), a minimum frequency 

(fe) version can be designed: 

fl = increment = 10 kHz 

48 MHz - 10 kHz 
N<------

2 (54-48) MHz 

N<4 

Let N = 3 

Nfe = 47_99 MHz 

47_99 

3 

fe = 15.996666 MHz 

Pmin.= 1 

afo 
Pmax = --- + Pmin 

10 kHz 

6MHz 
Pm ax = 10 kHz + Pmin 

Pmax = 601 

fa(max) = Pmax fl 

= 6.01 MHz 

15.99666 MHz 

(3) 

(4) 

Equation (4) above puts the divider string (divide-by-P) 
into a medium frequency situation where devices such as 
the Me4016/4316 may be utilized. Note that the divider 
number now indicates the channel selected rather than 
output frequency_ That is, at fO = 48.000 MHz, P = 1; 
at fO = 54.000 MHz, P = 601. 

If "proper" divide-by·P readings are desired for direct 
frequency readout a slight circuit modification is necessary. 
To enable a division at 48_000 MHz the first divide-by-P 
must be 100 rather than 1, and Pmax would then be 700 
to cover all 6 MHz. Recalculating fa(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 rang~ of fa in relation to fe (fa < fel2)_ Since 
fe is nearly 16 MHz, the range of fa 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 

N< 
144_00 - 0.01 

2 (4) 

N< 18 

LetN= 17 

Nfe = 144.00 - 0.01 MHz 
143.99 

fe = 
Nfe 

8.470 MHz 
N 

Pmin = 

4MHz 
Pmax = + 1 

10 kHz 

401 

fa(max) = Pmax fl = 4.01 MHz 

Maximum frequency seen by the divide-by·P chain is 
still well within the Me4016 rating. 

When converting this synthesizer to one that reads fre· 
quency directly, a "1" is again added to the most signifi· 
cant digit (MSO). This results in a Pmin of 100 to Pmax 
of 500. In this example, however, fa(max) is 5 MHz 
which easily exceeds fel2. To alleviate this difficulty, 
the "N" factor must be decreased in order to raise fe to 
at least 10 MHz. 
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Let fe = 10 MHz 

N<-14.4 

Let N = 14. 

Nfe = 143.99 (from above) 

Nfe 
fe= N = 

143.99 

14 

fe = 10.28500 MHz (5) 



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 a range in the VCO. Th is situation is shown in Figure 
11 where the possible false lock areas are ind icated near 
the (N - 1) and (N + 11 harmonic points. The problem of 
VCO restraint however is more than just mak ing sure that 
output frequency fO isn't 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 fO(min) 
about NfC and fO(max) about (Nf+l/21 fC. If the veo 
drops below C while the feedback counter is at Pmin the 
phase detector will try to push fO even lower, toward the 
stable condition at A (Figure 12). Likewise, at C' (when 
P = Pmax l the tendency is for the loop to accelerate tow­
ard lockup at B' (Figure 131. When Cor C' are exceeded 
the loop will "hang up" and not attain the proper lock. 

FIGURE 11 

fa fO(max) 

~
to(m;nl: 

, ' , , 
:a(m~XI ~m~ u ---~ ___ t_~nH~~_~ 
Q(mln)~ 

(N -l)fe NfC to (N + 1) fC 

to 

fQ{min) 

FIGURE 12 

Toward Toward 
Latch up Lock-up 

NfC - fQ(min) 

to 

FIGURE 13 

Lock 
Point 

I 

Lock 
Point 

10 (min) 

Toward I Toward 
Lock-up I Latch-up 

,Q, ... {----- --­

-+--

T 
to(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 (11 until sufficient room is generated by placing 
the operating range of fa on only a small part of the fO 
slope (F igure 141. Note that fC goes up as we approach 
the more idealized case (Equation 51. 

FIGURE 14 

'Q'.:~'~ tQ(m;n) _ _ ___________________ _ 

c : 

NfC to(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 

N < fO(minl - fl 

2/lfO 

where /lfO = change in output frequency 
fl = channel spacing 

2. Compute minimum mixing frequency fC 

fO(minl - fl 
fC=----'--'---­

N 

3. Calculate feedback divider's maximum value 

/lfO 
Pm ax = -- + Pmin 

fl 

where Pmin = 1 for minimum fC-

4. Find maximum divide-by-P frequency 

fO(max) = /lfO + fl 

5. Calculate allowable VCO swing 

NfC - fl < fVCO < (N + 11 fC - fO(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 th is 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 veo. Out­
put frequency is fixed as being f 1 above all harmonics of 
fe. As the veo is tuned through its range, the loop will 
acquire and lose signals spaced fe apart. Since these must 
be some frequency for the phase detector to operate with, 
the output frequency cannot be a direct harmonic of fe. 
This facet of the circuit often causes users to refer to fl 
as the" offset" frequency. 

The value of fl is often dictated by output frequency 
and channel spacing requ irements. However the relation-

FIGURE 15 

MAXIMUM RATINGS 

I Ch .. actaristic 

ship of fl to fe has a large effect on the tunability both 
up and down the frequency range. If, for example, the 
loop were locked at point A (Figure 16) and B were tlie 
next desired point, then the veo 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 2fl. If the veo 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 veo control range must only cross A' before 
the loop acqu ires frequency A. I n 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 veo dc control 
line with a pair of comparators and noting when the line 
reaches its I im its. 

FIGURE 16 

. veo I 

t------Capture -------. 
1 Range ! 
I , 

I : 

NfC 

Symbol Rating Unit 

(N+2)fC 

Ratings above which device lif, may be impaired' 

Power Supply Voltage IVCC = 0) VEE -8.0 Vde 

I nput Voltage IV CC = 0) Vin Oto VIL min Vde 

Output Source Current 10 40 mAde 

Storage Temperature Range Tstg -55 to +125 °c 

Operating Temperature Range 

DC Fan-Out' IGates 8nd Flip-Flops) 

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

MC12012 

The MC12012 is a two-modulus presealer which con­
sists of three functional blocks: 1) a controllable divide 
by 5/divide by 6 presealer; 2) a divide by 2 presealer; 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 
ilPplications. 

• -;'2. -;'51+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 +5.0 V supply. apply +5.0 V to pin 16 (VCCI and 
ground pin 8 (VEE). When using -5.2 V supply. ground pin 16 
(VCCI and apply -5.2 V to pin 8 (VEE). 

MECL Phase-Locked Loop Components 

I nput Toggle 1 

03 2 

03 3 

I-I 4 

(+) 

MTTL VCC 6 

MTTL Output 

VEE 8 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

PIN ASSIGNMENT 

o 16 VCC 

15 04 

14 04 

13 E2 MECL 

12 CLOCK 

11 E1 MECL 

10 E4 MTTL 

9 E3 MTTL 

FIGURE 1 _. LOGIC DIAGRAM 

MTTL E4 10 

MTTL E3 9 

MECL E2 13 

MECLE111 

Phase 
Detector 
MC4044 

12 

C 

To obtain an MTTL output connect 5 and 4 to 
2 and 3 or 14 and 15 respectively. The MECL 
outputs (2, 3, 14, 151 require terminating re­
sistors. When used, the translator (4 and 5) will 
provide the proper termination for connection 
to IT. 

Toggla 
Flip 
Flop 

3 7 1 
0303 Input 

Toggle 

141554 
Q4Q4+ -

MECL 
to 

MTTL 
Trans 

-Iator 

MTTL 
OUT 

FIGURE 2 - TYPICAL FREQUENCY SYNTHESIZER APPLICATION 
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MAXIMUM RATINGS s: 
n 

C .... ct .. i.ic Symbol R.ting Unit ..... 
Rati .... boWl which device life .... y be imPIJired: N 
Power Supply Voltage (Vee = 01 VEE -8.0 Vd, 0 ..... 
Input Voltage (Vee = o. V," Oto VIL min Vd, N 
Output Source Current '0 20 mAd, e:;-
Storage Temperature Range Ts1g -55to +125 °c 0 
Recommended .... ximum ratings abo". which performance may be d .. aded: 

:::J .... 
OperatIng Temperature Range I TA I o to +15 I °c l TEST VOL TAGE/eUAAENT VALUES I 

I 
:::J 

DC Fan..()ut· (Giltes and F lip-F lops) I I 10 I I Volts mA I c: 
It! 

-AC fan-out is limited by desired system performance. @Test a. 
Temperatur. VIHmax VILmin VIHAmin VILAma. V,L V'HH V,HT V,LT VEE 'L IOL IOH 

oOe -0.840 -1.810 -1.145 -1.490 -4.1 +0.3 -3.2 -4.4 -5.2 -2.5 16 -1.6 

ELECTRICAL CHARACTERISTICS 25"c -0.810 -1.850 -1.106 -1.415 -4.1 +0.3 -3.2 -4.4 -5.2 -2.5 16 -1.6 

Supply Voltage -5.2 V 75°C -{l.120 -1.880 -1.045 -1.450 -4.1 +0.3 -3.2 -4.4 -5.2 -2.5 16 -1.6 

Pin MC12012 TEST VOL TAGE/eURRENT APPLIED TO PINS LISTED BELOW, 

Und.r o"c +25oC +15"c !Vee) 
Ch.rect_istic I Symbol Test Min M .. Min TV. Mo. Min M •• Unit VIHml. VILmin VIHAmin VILAlNlx V,L V,HH V,HT V,LT VEE 'L 'OL IOH Gnd 

Power Supply Drain Current 'E 8 100 mAde 8 6,16 

Input Current 1"NHl 12 100 200 ~Adc 12 16 

1 40 100 1 8 16 
IINH2 11 40 100 "Adc 11 8 16 

13 40 100 13 8 16 

en 'INHJ 9 40 /lAde 9 8 16 

'" 
10 40 10 8 16 

~ IINH4 4 3.5 5.5 mAde 4 8 6 
5 3.5 5.5 mAde 4 8 6 

lea kage Current IINL1 2.0 ~Adc 1.8 16 
11 

• + 
8.11 

~ 12 8,12 
13 8,13 

IINL:7 9 1.1 2.2 mAde 9 8 16 
10 1.1 2.2 mAde 10 8 16 

IINL3 4 3.8 6.5 mAde 8 16 
5 2.0 4.0 mAde 8 18 

Logic "',. VOHl -1.000 -{l.840 0.960 -0.810 -0.900 -0.120 Vdc 11,13 9.10 8 2 16 
OutPUt Voltage (i) 

• • • • + + + 
11,13 9,10 

+ 
3 

~ 14 14 
15 15 

VOH2 T 1 -2.800 -2.800 -2.800 Vd, 4 8 6 

Logic "0" 
VOLI I 2 -1.810 -1.635 -1.850 -1.620 -1.830 -1.595 Vd, 11,13 9,10 8 2 16 

Output Voltage (i) 3 

• + • 
t + + + 

11,13 9,10 

~ 
3 

• 
14 14 
15 15 

VOL21 1 -4.700 -4.100 -4.700 Vd, 8 6 

Logic "'" I VOHA I ~ i -1.020 -0.980 -{l.920 Vd, 11.13 9,10 8 2 16 
Threshold Voltage 

+ + + + 
11,13 9,10 

+ 
3 

• 
14 4 14 
15 4 15 

logic "0" I VOLA I ~~ -1.615 -1.600 -1.515 Vd, 11,13 9,10 8 2 16 
Threshold Voltage 

+ + + • 
11,13 9,10 

~ 
3 

+ 14 ~ 14 
15 15 

Short Circuit Current I 'OS -20 -65 -20 -65 -20 -65 mAde 8 8 



@Test 
Temperatur. 

O·C 
ELECTRICAL CHARACTERISTICS 

25"C Supply Voltage +5.0 V 
7SoC 

Pin MCl2012 

lind., oOC +25"C +7SOC 
Characteristic Symbol T ... Min Max Min TV. Max Min Max Unit 

Power Supply Dr.in Current IE 8 95 - mAde 
Input Current IINHl 12 100 200 ~Adc 

1 40 100 
IINH2 11 - - - 40 100 - - ~Adc 

13 40 100 

Q) 

N 
UI 

'INH3 9 - - - - 40 - - j.lAdc 
10 - 40 - -

tlNH4 4 - - 3.5 - 5.5 - - mAde 
5 3.5 5.5 mAde 

Leakage Current IINLl 1 - - - - 2.0 - - IlAdc 
11 - - - -

~ 
- -

~ 12 - - - - - -
13 

IINL2 9 - - 1.1 - 2.2 - - mAde 
10 1.1 2.2 mAde 

I'NL3 4 - - 3.8 - 6.5 - - mAde 
5 2.0 4.0 mAde 

logic "'" VOH1 2 4.000 4.160 4.040 - 4.190 4.100 4.280 Vdc 
Output Volta. (2) 3 

+ + + 
-

+ t + + 
14 -
15 

VOH2 1 2.400 2.400 2.400 Vdc 
Logic "0" VOLl 2 3.190 3.430 3.210 3.440 3.230 3.410 Vdc 

Output Voltage ® 3 

+ + ~ 
- t t I I 14 -

15 - , , 
VOL2 1 0.500 0.500 0.500 Vdc 

Logic "',. VOHA 

1~' 
3.980 4.020 4.080 Vdc 

Threshold Voltage 

+ 
-

+ 
- - t -

+ 
- - - -

15 4 
Logic "0" VOLA 

l~i 
- 3.450 - - 3.460 - 3.490 Vdc 

Threshold Voltage -

+ 
- -

+ 
-

+ + 
- - - -

15 ® 
Short Circuit Current 'OS 1 -20 -65 -20 - -65 -20 -65 mAde 

TEST VOLTAGE/CURRENT VALUES 

Volts 

VIHm8lC VILmin VIHAmin VILAm.x VIL VIHH VIHT VILT Vee 

+4.160 +3.130 +3.855 +3.510 +0.5 +5.5 +2.0 to.8 +5.0 

+4.190 +3.150 +3.895 +3.525 to.5 +5.5 +2.0 +0.8 +5.0 

+4.280 +3.170 +3.955 +3.550 +0.5 +5.5 +2.0 to.8 +5.0 

TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW, 

VIHmu VILmin VIHAmin VILAma. VIL VIHH VIHT VILT VCC 

- - - - 6.16 

12 16 

1 16 
11 - - - - - - - 16 
13 16 

- - - 9 16 
- - - - - 10 - - 16 

5 4 - - 6 
5 4 6 

- - - - - - 16 
- - - - - - - -

+ 
- - - - - - - -

- - - -
- - - - 9 - - - 16 

10 - 16 

4 5 - 6 
4 5 6 

- 11.13 - - 9.10 - 16 
- 11,13 - - 9.10 - - -

~ - - - - - - - -
-

5 4 6 

11.13 9.10 16 
- 11.13 - - 9.10 - - - I - - - - - - - -
- - - - - - - - , 
4 5 - - - 6 

11.13 9.10 16 
- - 11.13 - - - 9.10 -

+ 
- - - - - - - -

- -
- - - 11.13 9.10 16 
- - - 11.13 - - - 9.10 

~ - - - - - - - -
- -

5 4 6 
------~ 

mA 

IL IOL IOH 
-2.5 16 -1.6 

-2.5 16 1.6 

-2.5 16 1.6 

IL IOL IOH 

- - -

- - -

- - -
- - -
- - -
- - -
- - -

2 
3 - -
14 - -
15 - -

7 

2 
3 - -
14 - -
15 - -

1 

2 
3 - -
14 - -
15 - -
2 
3 - -
14 - -
15 - -

(VEE) 
Ond 

8 

8 

8 
8 
8 

8 
8 

8 
8 

1.8 
8.11 
8.12 
8.13 

8 
8 

8 
8 

8 

~ 
8 

8 

I , 
8 

8 

~ 
8 

+ 
8 

3: 
(') ... 
N 
o ... 
N 

8 
::J 
~. 
::J 
I: 
(I) 
0.. 
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MC12012 
Pin 

O"e +25"<: Und.r 
Ch.'lICteristic Symbol Test Min MIx Min Typ 

Propagotion Deloy '12+2+ 12,2 - - 2.0 3.0 
(So. Figures 3 and 41 '12+3+ 12,3 - - 3.0 

'12+ 12,2 - - 2.8 
'12+3- 12,3 - - 2.8 
'1+14+ 1,14 - - 3.0 
'1+15+ 1,15 - - 3.0 
'1+14- 1,14 - - 2.8 
'1+15- 1,15 - - 2.8 
t5+7+ 5,7 - - 8.0 
15-7- 5,7 - - 5.0 

Output Ri .. Tim. '2+ 2 - - - 2.0 
(See F igur. 41 13+ 3 - - - 2.0 

t14+ 14 - - - 2.0 
t15+ 15 - - - 2.0 

Output F ell Time '2- 2 - - - 2.0 
(Soe Figure 41 t3- 3 - - - 2.0 

'14- 14 - - - 2.0 
t15- 15 - - - 2.0 

Sotup Tim. 'setup 1 11,13 - 4.0 - 2.4 
(See Figure 51 tsetup2 9,10 - 7.0 - 5.0 

R.I .... Tim. ',.11 11,13 - 2.5 - 1.2 
(See Figure 51 t r.12 9,10 - 4.0 - 2.5 

Toggi. Frequ.ncy f max 
Figure 6 (751 2 - - 175 200 

(761 2 - -
(+21 14 - -

Figure 7 (7100r 111 ~ 14 - - + • 
(j) All MECL OUlputs (2,3,14,15) are lerminated 10 VEE Ihrough 

an external 510 n resistor during the DC tests. 

<i> 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 

nVIHmax 

VILmin --.J L 
@ I n addition to meeting the output levels specified, the device 

must divide by 5 during this test. The clock input is 

nVIHmax 

VILmin --.J L 

Mox 

4.0 

j 
12.0 
10.0 

-
-
-
-

-
-
-
-

3.0 
7.0 

2.0 
3.5 

-
-
-
-

+75"<: 

Min MIX 

- -
- -
- -
- -
- -
- -
- -
- -
- -
- -

- -
- -
- -
- -
- -
- -
- -
- -

- 4.0 
- 8.5 

- 2.0 
- 2.0 

- -
- -
- -
- -

TEST VOL TAGESIWAVEFORMS APPLIED TO PINS LISTED BELOW: 

Pul .. Pul .. Pul .. VIHmin VILmin VF 
Unit G.n. 1 Gen. 2 Gon.l +1.100 +O.ll0 -l.OV 

ns 12 - - - 11,13 9,10 

+ 
- - - 11,13 9,10 
- - - 11,13 9,10 
- - - 11,13 9,10 

1 - - - - -

t - - - - -
- - - - -
- - - - -

A - - - - -
A - - - - -

ns 12 - - - 11,13 9,10 

t 12 - - - 11,13 9,10 
1 - - - - -
1 - - - - -

ns 12 - - - 11,13 9,10 

+ 
12 - - - 11,13 9,10 
1 - - - - -
1 - - - - -

ns 12 11/13 - - 13/11 9,10 
ns 12 - 9/10 - 11,13 10/9 

ns 12 11113 - - 13/11 9,10 
ns 12 - 9/10 - 11,13 10/9 

MHz 

~ 
- - - 11 13 9,10 
- - - - 11,13 9,10 
- - - - - -
- - - - - -

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

nVIHAmin 

VILAmax --.J L 
® In addition to meeting the output levels specified, the device 

must divide bV 6 during this test. The clock input is 

n VIHmax 

VILmin ---1 L 

VEE Vee 
-3.011'-3.2 +2.0 

8 6,16 

8 6,16 

+ ~ 
8 6,16 

+ + 
8 6,16 
8 6,16 

8 6,16 
8 6,16 

8 16 

+ + 

s: 
(") .... 
N o .... 
N 

8' 
::J 
!:!. 
::J 
r::: 
CD 
c. 



MC12012 (continued) 

Pulse 
Generator 

11'2 
(EH 137) 

PuIs. Generator '3 

(EH 137) D'}------+-<> 

Input Pulse 
t+ ... t- = S.O±. 0.5 ns 100 

FIGURE 3 - AC TEST CIRCUIT 

rtJVCC. +2.0 V 
6,16 

251'FJ 10"I'F 

r-------- --------~ 

I I 
I I 

04 
Toggle 

o-,-----------lc Flip­
Flop 

04 I 
50 I 

~~(5~)+_------------~+ MECL 
to 

MTTL 
(4) Trans-

lator 
MTTL OUT 

A MC10109Lor_. __ q6-u-;v------t .. ~ - - ~~:± -l~,~.~ :,=:,~ --~ 

All input and output cables to the scope are equal lengths of 
50 n coaxial cable. 

wiring, and load capacitance. 

17) 

V out 

Vee = +2.0 V 

400 

MM06150 
or equiv 

MM07000 
or equiv 

VEE = -3.2 or -3.0 V 

All unused cables must be terminated with 50 ohms. 
The 950-ohm resistor and the scope termination impedance 

constitute 8 20:8 attenuator probe. 
All r.sistors are + 1%. 

CT :: 15 pF "" total parasitic capacitance which includes probe, 

The 50-ohm resistor and the scope termination impedance con­
stitute a 2: 1 attenuatar probe. 

Pulse 
Generator 

1 

03 
12) 

03 
13) 

04 
114) 

04 
(15) 

15) 

MTTL 
Out 
17) 

FIGURE 4 - AC VOLTAGE WAVEFORMS 
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MC12012 (continued) 

Pul •• 
Generator 

(EH 122) 
or equlv 

FIGURE 5 - SETUP AND RELEASE TIME WAVEFORMS 

Pul,. 
Generator 

1 

Pulse 
Generator 

2 tsetup2 
Pul,. 

Generator 
3 

03 
(2) 

Pulse 
Generator 

1 

Pul.e 
Genefator 

2 

Pulse 
Generator 

3 

Q3 

(2) Divide by 5 

FIGURE 6 - MAXIMUM FREQUENCY TEST CIRCUIT 

\ 

cDCC:+2.0V 

25 I'F J J 0.1 I'F 
V out V out 

r------- --------~ 

I I 
1 1 

1 

03 H-o----t---, 

1(14) 
04r-----------~~-~ 

Toggle <>1---------., Flip-
Flop 
04r-----~----~>_, 

o1---__________ ~MECL 
to 

MTTL 

Trans MTTL OUT (7) 
<>-'----------j lator 

(4)L - - ---..=..=J,- - - - - - - __ .J 

0.1I'F± bVEE--3.20r-3.0V 

100 

NOTE: Output Waveform. are sam a .1 shown in Figure. 4 and 5. 
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MC12012 (continued) 

FIGURE 7 - MAXIMUM FREQUENCY TEST CIRCUIT 

Vee = +2.0 V V out 

Pulse 
Generator 0 
(EH 122) 

"'JlJ +o~ 
V 

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

3 2 

Vee'" -3.2 or -3.0 V 

Q4 15 

Toggle 

Flip· 

Flop 

04 

14 

100 

NOTE: For divide by 11 connect 11 to VIL "" +0.130 and 9 and 10 to VF "" -3.0 V 

For divide bV 10 connect 11 to VIH = +1.160 or9 or 10 to VA = 0.0 V 

FIGURE 8 - STATE DIAGRAMS 
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MC12012 (continued) 

MTTL E4 10 

MTTL E3 9 

MECL E2 13 

MECL E1 11 

Divide by 2 
use Toggle 
Flip·Flop 

12 

C 

FIGURE 9 - .;. 5/6 

COUNT 01 Q2 

6 0 1 

03 

1 

3 2 1 

(13 Q3 C4 

Toggle 
Flip 
Flop 

141554 
Q4Q4+ -

3 + E4 = 0 
13 + E4 = 1 

7 1 1 1 

".".,: 5 1 0 1 

1 1 0 0 

0 0 0 0 

2 0 1 0 

El+E2+E 

MTTL E4 

MECL E2 

El + E3 + E4 = 1 

To obtain a MTTL output connect 5 and 4 to 
2 and 3 or 14 and 15 respectively. 

FIGURE 10 - .;. 10/11 

3 2 

Togle 
Flip 
Flop 

14 155 4 
C 12 

03 03 C4 04 04 

COUNT 01 02 03 04 

14 0 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 

7 1 1 .1 0 

5 1 0 1 0 

1 1 0 0 0 

0 0 0 0 0 

2 0 1 0 0 

To obtain a MTTL output connect 5 and 4 to 
14 end 15 respectively. 

6-30 

E 1 + E3 + E4= 0 

MECL 
to 

MTTL 
Trans 

'Iator 

ECL 
to 

TTL 
Trans­
lator 

MTTL 
OUT 

MTTL 
Out 



MC12012 (continued) 

MTTL E4 10 

MTTL E3 9 

MECL E2 13 

MECL El 11 

FIGURE 11 - - - 10/12 

Toggle 
Flip 
Flop 

12 

To obtain 8 MTTL outPut connect 5 and 4 to C 

14 and 15 respectively. ,-------I4=~=EEE~jij~8----1 

El + E2+ E3+ E4= 1 

FIGURE 12 20/21 --

~l MTTL E4 10 

MTTL E3 9 ~~~ f-4 
~ r----

03 l- f--- .--
Toggle 

MECL E213 
.-- Flip 

~ 

rt-I~ 
Flop 

MECL E 1 11 '------.J 

~ 

-

12 
3 2 1 14 554 

C 
03 ~C4 04 + -

03 04 

To obtain a divide by 20/22 omit as to 10. 
COUNT 01 02 03 04 05 

To obtain a divide by 20124 omit 14 to 13. 30 0 1 1 1 1 

31 1 , , 1 1 

29 1 0 1 1 1 

25 1 0 0 1 1 

24 0 0 0 1 , 
26 0 1 0 1 1 

23 1 1 , 0 1 

21 1 0 1 0 1 

17 1 0 0 0 1 

16 0 0 0 0 1 

El+E3 z 1 18 0 1 0 0 1 El + E3 = 0 

'5 
, , , , 0 

'3 
, 0 1 , 0 

9 , 0 0 1 0 

8 0 0 0 1 "0 
10 0 1 0 1 0 

7 1 , 1 0 0 

5 1 0 , 0 0 

1 1 0 0 0 0 

0 0 0 0 0 0 

2 0 1 0 D 0 
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MC12012 (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·d ivider. 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 75/76 pre· 
scaler; 2) a 72 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 E 1 through E4. I f all E inputs are low before the tran· 
sition of the clock pulse driving 03 high, 03 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 anyone or all of the E inputs 
are high prior to the positive transition of the clock pulse 
driving 03 high, 03 will stay high for only 2 clock pulses, 
then will go low for 3 clock pulses. The result is division 
by 5. 

For the 75 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: tsetup 1 
and tsetup2 for El 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 reo 
ferred to as the "release time." Data for release time is 
given in the electrical characteristics table; tre 1 and t re2 
for E 1, E2, E3, E4. 

The data given in the tables for setup and release times 

are referenced to the positive transition of the clock pu lse 
causing 03 to go high. If it is necessary to reference the 
setup and release times to the positive transition of 03, 
add t++ (specified for 03) to the setuplrelease times given. 
It should be noted that the logic states for the enable 
inputs are important only for only one clock pulse which 
causes 03 to go high (within the limits specified by setup 
and release times). 

The 7 5/7 6 prescaler may be connected externally to 
the 7 2 prescaler to form a 7 10/7 11 prescaler (Figure 10) 
ora7 10/712 prescaler (Figure 11). 

By way of an example showing how a 7 10/7 11 pre· 
scaler operates, note that if El, 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 04 to E2 
(or to Ell. With this feedback, the 75/76 prescaler di· 
vides by 5 when 04 is high, and by 6 when 04 is low. 

Since 04 changes state with each positive transition of 
03, the prescaler alternates between 7 5 and 7 6 resulting 
in a 7 11 at 04. 

If anyone 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 04. 

With the addition of external flip·flops and counters 
(MECL or MTTL) various other modulus prescalers may 
be produced (20/21,20/22,20124,40/41,50/51, 1001 
101, etc.). 

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

The disadvantage of using a fixed modulus (7 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. fref (1) 

FIGURE 13 - FREQUENCY SYNTHESIS BY PRESCALING 

fout""Nepefref 

Reforonco@-ha-- / 
Frequencv ~ ase . F Is) veD 

(fref) oet. 

where P is fixed and N is variable. For a change of 1 in N, 
the output frequency changes by P • fref. If fref equals 
the desired channel spacing, then only every P channel 
may be programmed using th is method. A problem reo 
mains: how to program intermediate channels. 

One solution to this problem is shown in Figure 14. 

FIGURE 14 - FREQUENCY SYNTHESIS BY PRESCALING 

Roference &@-ha--fOU'=N-\frOf 
Fr.qu.ncv~ -;-p ase F (s) veo 

(f re1) Det. 

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

Another solution is found by considering the defining 
equation (1) for fout 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, 
AlP, N may be expressed as: 

N = Np+ AlP. 

Substituting this expression for N in equation 1 gives: 

or: 

fout = (Np + A/P) • P. fref 

fout = (Np P + A) • fref 

fout = Np. P • fref + A. fref. 

(2) 

(3) 

(4) 

Equation 4 shows that all channels can be obtained directly 
if N can take on fractional values. Since it is difficult 
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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 + A • P - 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· 
Ius counter (P and P + 1) and dividing by the upper modu· 
Ius, 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 

Frequency 
(frof) 

N""' N p • P+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 remaining count, (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 

If Np consists of 2 decades of counters then: 

Np = 10 Npl + NPO 

(Npl is the most significant digit), 

and equation 7 becomes: 

(7) 



MC12012 (continued\ 

L.E MC12D12' ® 

FIGURE 16 - DIRECT PROGRAMMING UTILIZING 
TWO-MODULUS PRESCALER 

2:0 

2:, 

2:2 

2:3 

Eo r---
® 

MTTLout fin 
MC12014 

fin 

® 
® 
© 

f out 

fin 

® 
® 
© 

tout 

® 
® 

© 
f out 

- C, 

'Connected 
f01"710/11 

11 Pulsel 

11 Puls.s 

11 Pulses I 

PO 

P' @ 
fout P2 c----<>--

P3 

r- B' 

000,0203 L OOQ'OO~~ Be---< 

'--C MC40,8 C MC40'6 C MC40'8 

fiE fiE 
_ R -
PE 

r r 1 r t 
t , , t 1 t t ttl 
I I I I I I I I 

A N' NO 

FIGURE 17 - WAVEFORMS FOR DIVIDE BY 43 

11 Pulse! 11 Pulses I 10 Pulses I 11 Pulses 11 Pulses 11 Pulses 

1 CYcle = 43 Pulses 

r 

FIGURE 18 - WAVEFORMS FOR DIVIDE BY 42 

11 Pulses 10 Pulses I 10 Pulses I 11 Pulses 11 Pulses 10 Pulses I 

I- 1 Cycle = 42 Pulses ·1 
1 1 ,--

FIGURE 19 - WAVEFORMS FOR DIVIDE BY 44 

11 Pulses 11 Pulses 11 Pulses I 11 Pulses 11 Pulses 11 Pulses 

,. 1 CYcle - 44 Pulses 

... I ___ --'r 
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MC12012 (continued) 

fout = (100 Npl + 10 NPO + 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 MC 12012; 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 Npl = 0, NPO = 4, 
.nd A= 3. 

Waveforms for various points in the circu it 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 O. The zero state of the 
A counter is detected by the MC12014, causing point 

@to go to 1 and changing the modulus of the MC12012 to 
10 at the start of the cycle. 

When fout 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 fout 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). 

I t 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 - METHOO OF INTERCONNECTING COUNTERS 

EOU 
zo 
Zl 
Z2 

E MTTLoutl 

Z3 
B2 

fin C~C12012 I I f'n MC120l4 
PO 
PI 

,...----. P2 f out fout 

r=~ 
I~ ~" h ------~ ~ ------, ,---- ,--' ,...---1-

00010203 03 B 03 t-:c:a~~J 00Q1Q2Q3 Q3 B 03 1 --Q3--l: yc MC40,;1 MC40'63 C MC40l~B C MC40~ Yc MC4016~ C MC4016{~ Lt MC40'6~:J 
PE PE PE PE PE PE ____ ~EJ 

ffLP f f f f f t tf t f T'TT~" fftU TTTft Tffff ::::: II 1 

I lA' I A2 
I I I I -I-rrr"'--

NpO Np, Np2 , , , 
V v 

, 
A Counter Np Counter 

A- '00A2+ lOA, + AD 
Np ~ '00 Np2 + '0 Np, + NpO 
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MC12012 (continued) 

50kHz 
Reference 
Frequency 

100 MHz 

DIAL 

IT] 

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

0 
0 
0 

F(I) 

10MHz 1 MHz 100kHz 

VCO 
MCI648 

f out - 100 to 200 MHz 

+ 10/+ 11 
MTTL 

60 kHz 

in 50 kHz 
step,. 

·Used·1II Modulus Two Programmable Count.r. 

Also could u .. MC4017. 

FIGURE 22 - FM BAND SYNTHESIZER WITH 10.7 MHz I.F. OFFSET 

MC4044 

f-----...... f out & 98.8-118.6 MHz 
in 200 kHz steps. 

DIAL 
0 1 0 0 0 0 0 

CD 
0 1 0 0 

0 0 0 0 .3 0 1 0 1 
1 1 2 0 o 1 0 .5 0 1 1 0 

3 0 0 1 1 .7 0 1 1 1 

4 0 1 0 0 .9 1 0 0 0 

5 0 0 1 

6 0 0 

7 0 1 

8 0 o 0 

9 1 0 o 1 
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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 tedhnique 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-A)P+A(p+M)Jefref 

or 

fout = [Np e P + M e AJ e 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 MC12012 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 10112 COUNTER 

MC4044 

600 kHz 

SWITCH 
READING 

1 0 0 0 0 

2 0 0 

3 0 0 2 
4 0 3 
5 1 0 0 4 

5 1 0 1 5 
1 1 1 0 6 

8 1 1 1 

8 
9 
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f out = 103.2-186.0 MHz 

in 1.2 MHz step •. 

\ 

0 0 0 

0 0 1 

0 0 0 

0 0 1 

0 1 1 0 
0 1 1 1 

1 0 0 0 
0 0 1 

0 1 0 
1 0 

f out ::: 516-930 MHz 
in 6 MHz steps. 

I.F. Strip 



PHASE-FREQUENCY 
DETECTOR 

MECL Phase-Locked Loop Components 

MC12040 

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 MC16481, 
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 

R60----/ 

V90----\ 

VCC1 = Pin 1 

VCC2 = Pin 14 

VCC3 = Pin 7 

6-38 

VCC1 

NC 2 

U 3 

U 4 

NC 5 

R 6 

VEE 

CERAMIC PACKAGE 
CASE 632-02 

NC - No Connection 

14 

13 

12 

11 

10 

9 

8 

VCC2 

NC 

D 

0 

NC 

V 

NC 

--....o-~--o 4 U (IR> Ivl 

./'----0 3 0 (IR > IVI 

12DIIV>IRi 



MC12040 (continued) 

ELECTRICAL CHARACTERISTICS 

The MC12040 has been designed to meet the de specifi­
cations shown in the test table after thermal equilibrium 
has been established. Outputs are terminated through a 
50 ohm resistor to +3.0 V for +5.0 V tests and through 
a 50 ohm resistor to -2.0 V for -5.2 V tests. 

6 R U 4 

o 3 

o 1--11 

9- V 
[jf---12 

Supply VOltage .. -S.2V 

Pin 
Und.r oGe 

MCl2040 

INPU OUTPUT 

RVUOOO 
00 XXXX 
01 XXXX 
1 1 X X X X 
o 1 'X X X X 
1 1 1 0 0 1 
o 1 1 0 0 
1 1 1 0 0 

o 1 0 0 
1 0 0 1 

1 0 0 0 1 1 
1 1 0 1 1 0 

TRUTH TABLE 

This is not strictly a functional 
truth table; Le., it does not cover 
all possibile modes of operation. 
However it gives a sufficient num· 
ber of tests to ensure that the de­
vice will function properly in all 
modes of operati on. 

1 0 0 1 lOX"" Oon't Care 
1 1 0 1 1 0 
o 1 0 1 1 0 
1 1 0 0 1 0 

.T", 
Temptr.tu .. 

OOc 
,.·c 
75"0 

TEST VOLTAGE VALUES 

IVoh11 

VIM m.. VIL min VIMA "un VILA m.. VEE 
-0840 -1870 -1.145 -1490 -52 

-0810 -1.850 -1.105 -1475 -52 

-0 720 -1 830 -1.045 1.450 -5 2 

TEST VOLTAGE APfiLIED TO PINS LISTEO BELOW: 
1Vee' 

Symbol Test Min M.x Min Typ M .. Unit VIH max VIL min VIHA mIn VILA m.. VeE Grtd 

Pow.r Supply Ora," Current 

Input Current 

LogIc "1" 
Output Voltage 

LClglc "0" 

Output Voltage 

L09'c ''1'' 

Threshold Voltage 

LOllI(: "0" 

Threshold Voltage 

Supply Voltage = +S.OV 

'e 

11 
12 

4 
11 
12 

-1000 

-1.870 

OHA(l: -1.020 

11 
12 

12 

p," 
Under 

-0840 

~ 
-1.635 

~ 

-1.615 

~ 

os 
os 

-0960 

~ 
-1.850 

~ 
-0.980 

-90 -120 

350 
350 

-0810 

~ 
-1.620 

-1600 

~ 

MC12040 

-0900 

-1.830 

~ 
-0.920 

~ 

-0.720 

-1595 

mAdc 

J,lAdc 
J,lAdc 

Vd< 

~ 
Vd, 

~ 
Vd< 

-1575 Vdc 

~ ~ 

fitTest 
T,ml"'r.tu., 

O·C 

25'C 

7SClC 

6,9 

~ 

TEST VOLTAGE VALUES 

!Votu' 

VIH m.. VIL mIn VIHA mIn VILA m.. Vee 

+4.160 +3.130 +3.855 +3.510 +5.0 

+4190 +3.150 +3895 +3525 

+4.280 +3.170 +3.955 +3.550 +5.0 

TEST VOL TAGE APfiLIED TO PINS LISTED BELOW' 

1,14 

1,14 
1,14 
1, 
1,14 

114 

j 
1.14 

~ 
1.14 

1.14 

~ 

(VEE] 
Symbol Tesl M •• VIH max VIL mIn VIHA mIn VILA m.. Vee Gnd 

Power SupplV O'~ln Current 

',""ut Current 

Lqglc"I' 
. Oulpur Voltage 

LogIC "0" 

Output Voll~ge 

LogIC ", .. 

Th!e$hold Voltage 

LogIC "0" 

Threshold Vollage 

'e 

11 
12 

11 
12 

4000 

3.190 

!vOHA@: 3.980 

11 
12 

12 

-60 

os 
OS 

4.160 4.040 

~ ~ 
3.430 3.210 

~ 1 
4.020 

3.450 

~ 

-85 -lIS 

350 
350 

T 
3.440 

3.460 

~ 

4.100 4280 

~ ! 
3.230 3.470 

~ ~ 
4080 

~ 

,Ad< 
Ad, 

J,lAdc 
J,lAdc 

Vd< 

3.490 Vdc 

~ ~ 

'6.9 

~ 

:_.Q) 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 according to the truth table during these tests. 
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1,14 

1,14 
U4 
1.14 
1,14 

1.14 

~ 
1,14 

j 
1.14 



MC12040 (continued) 

AC TESTS 

To Scope Channel A 

6.01'F 1 

0)----..... --0 

NOTES, 

1. All input and output cables to the Icope .f. equal lengths of 50 n coaxial cable. 

2. Unused input and output. are connected 
to a 50 n resl'tor to ground. 

3. The device under test mUlt be precondi· 
tioned before performing the Be tests. 
Preconditioning may be accomplished by 
applying pulse "en8rator 1 for I minimum 
of two pulses prior to pulse "enerator 2. 
The device mUlt be preconditioned again 
when inputl to pins 6 and 9 are inter­
changed. The •• me technique applies. 

Pin 
Und. OUtpu' 

Cher.n.-Ntic Symbol Ton w.."orm 

Propeption Delay .... + 6.4 8 
1&+12+ 6.12 A 
'11+3- 6.3 A 

1&+11- 6.11 8 
1&+11+ 9.11 8 
'9+3+ 9,3 A 

'9+12- 9.12 A -- 9,4 8 

OutpUt Ri. Tim. '3+ 3 A 

'4+ 4 8 
t11+ 11 8 

t12+ 12 A 

Output F.II Tim. '3_ 3 A 

<4- 4 8 
t1'_ l' 8 
t12_ 12 A 

0.1 

Pul •• 
Gen. 1 

Pulse 
Gen. 2 

Output 
Waveform A 

Output 
Waveform B 

oac 
Min Mo. Min 

- 2.8 1.6 
- 4.5 2.6 

- 2.8 1.6 

- 4.8 2.8 

- 2.8 1.6 

- 4.5 2.6 

- 2.8 1.6 

- 4.8 2.8 

2.4 0.8 
- I I -
-

2.4 0.8 
-

1 I -
-

6-40 

6 

MC12CMO 
+:z&OC 

Typ Mo. 

- 2.8 
- 4.5 
- 2.8 
- 4.8 
- 2.8 
- 4.5 
- 2.8 
- 4.8 

1.5 2.4 

I 1 
1.5 2.4 

I 1 

10
.
1 

I'F 

14 

R U 

U 3 

11 
To Scope Channa' B 

0 

v 0 12 

Vee ". -3.2 or -3.0 V 

+1&OC 

Min Mo. Unit 

- 3.8 n. 

- 5.7 

- 3.8 

- 6.1 

- 3.8 
- 5.7 
- 3.8 
- 6.1 

- 3.1 no 
-

1 1 -
-
- 3.1 no 
-

1 1 -
-

+0.3V 

\-----+I.IV 

'-'-= ___ -X'-____ +0.3V 

TEST VOLTAGES!WAVEFORMS 
APPLIED TO PINS LISTED BELOW: 

Pu_ Pu_ VEE Vee 
Gen. 1 Gen. 2 -3.0 or -3.2 V +2.0 V 

6 9 7 1,14 
9 6 
6 9 
9 
9 
6 
9 
8 

6 7 1.14 
6 I I 9 
9 

6 7 1,'4 
6 

1 1 9 
9 



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 
"'ead" or "lag" phase relationsh ip 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 i211' radians. 

Operation of the device may be illustrated by assuming two 
waveforms. R and V (Figura 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 0 
output (pin 11) would simply remain low. 

On the other hand, it is also possible that V was leading A 
(Figure 1), giving rise to a positive pulse on the 0 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 Eel 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 

detector (U and 01. Using this technique the Quiescent differential 
voltage to the operational amplifier is zero (assuming matched "1" 
levels from the phase detector). The 0 and [) outputs are then used 
to pass along phase information to the operational amplifier. Phase 
error summing is accompHshed through resistors .A 1 connected to 
the inputs of the operational amplifier. Some A-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
sign guides for calculating A1, A2, and C are included in the 
MC4044 data sheet. Phase detector gain for this configuration is ap­
proximately 0.16 volts/radian. 

System phase error stems from input offset voltage in the oper­
ational amplifier, mismatching of nominally 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 
implemented and subsequent errors could be reduced considerably 
since offsets no longer enter the picture. 

FIGURE 1 - TIMING DIAGRAM 

R_~---

v ___ ~-

--j r- Lead 

(0 ~u;:~~s= ~.o:)Jl'-_____ .JnL _____ -Jn._ 
V leads A 1.C --U 

(U Output =: "0") Lag 

FIGURE 2 - TYPICAL FILTER AND SUMMING NETWORK 

c 

3 
u f-o-r'Mr'T""'Nv-~-I 

MC12040 510 >-0 .... __ .. To VCO 
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CRYSTAL OSCILLATOR 
MTTL Phase-Locked Loop Components 

M C12 060. M C12 5 60 
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 IiIITTL outputs. 

• Frequency Range = 100 kHz to 2.0 MHz for MC12060/12560 
= 2.0 MHz to 20 MHz for MC12061/12561 

• Temperature Range = -550 C to +1250 C for MC12560, 61 
= ooc to +700 C for MC12060, 61 

• Single Supply Operation: +5.0 Vdc or -5.2 Vdc 

• Three Outputs Available: 
1. Complementary Sine Wave (600 mVp-p typ) 
2. Complementary MECL 
3. Single Ended MTTL 

FIGURE 1 - BLOCK DIAGRAM 

Bias 
Bypass 
0.1 jlF 

Note: 0.1 ",F power supply 
pin bypass capacitors 
not shown. 

VCC 

1 VCC 

AGC 
Filter 

0.1 jlF 

4 

Sine Wave 
Output --+ 

3 2 14 

MECL 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

,- ,~'''' 
1 PLA~T~~::~KAGE 

11 VCC 

MECL 
to 

MTTL 
Trans­
lator 

MC12060/MC12061onlv. 

10 

MTTL 
Output 

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

FIGURE 2 - FIGURE 3 - MTTL OUTPUT FIGURE 4 - MECL OUTPUT FIGURE 5 - MECL OUTPUT 
SINE WAVE OUTPUT 1+5.0 V Supply) 1-5.2 V Supply) 

CRYSTAL 
REQUIREMENTS 

Note: Start-up stabilization 
time is a function of 
crystal series resistance. 

Characteristic 

Mode of Operation 

Frequency Range 

MC12060112560 MC12061/12561 

Fundamental Series Resonance 

100 kHz - 2.0 MHz 2.0 MHz - 20 MHz 

The lower the resistance, Series Resistance, Al Minimum at Fundamental 
the faster the circuit I-M':":"':":'" '-'-=Ef'-'f::....:'-'·'-R'-'--·---R-----1t-----4-k-o-h-m-'----.-----15-5-0-hm-'-----1 
stabilizes. aXlmum ectlVe eSlstance, E(max) 
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ELECTRICAL CHARACTERISTICS 

C ..... cr.illic 

PoWIr Supply Or.m Currenl 
- MCI2060112560 
- Mel 2061/12561 

InPIJtCurrent 

Olfferentlel Othet Volt9 
MCl2060112560 
MC12061112561 

Output Voltege Lel/el 

Vee 
F,11 ... Si .... W .... 
01,.F 

Unt 

T.ml"'~':~ 
MC12560, MC12561 +25oC ' 

+12SoC 

MCl2080. MCl2061 I +a~ 
+7SoC 

Unit 

ICC I I I I I I I I I I I I I I I ImAdO' 
1 - - 13 16 19 - - - - 13 16 19 - -
1 - - 18 23 ~ - - - - 18 n ~ - -

11 - - - 30 40 - - - - - 30 40 - - . ~ - - ~ ~ ~ - - - - ~ ~ ~ - - ! 
'INH I :: 1 = 1 = 1 = 1 = 1 ~~ 1 = 1 = 1 = 1 = 1 = 1 = 1 ~~ 
"NL I :: 1 = 1 = 1 = 1 = 1 :~ 1 = 1 = 1 = 1 = 1 = 1 = 1 :~ 

:~:1 -.Y 14'0'1-1-140 1-13251 -1- 1-1- 140 I - 1325 2 to 3 -220 "'220 -300 
2t03 -100 +100 -200 

Yout I 3.5 
3.5 

35 
3.5 

- 1 :::~ 

- I :::~ 
mYdc 

+ 
Yd, 
Ydo 

TEST VOLTAGE/CURAENT VALUES 

Volt, .... 
VIHm .. VILmin VIHAmin VILAlMx VIHT VCCL Vee VCCH IOl 10H IL 

4.07 3.18 3.72 3.49 4.0 4.5 5.0 5.5 1'6 -0.4 -2.5 

4.19 3.21 3.90 3.52 4.0 4.5 5.0 5.5 16 -0.4 -2.5 

4.37 3.25 4.03 3.60 4.0 4.5 5.0 5.5 '6 -0.4 -2.5 

4.16 3.19 3.86 3.51 4.0 4.75 5.0 5.25 16 -0.4 -2.5 

4.19 3.21 3.90 3.52 4.0 4.75 5.0 5.25 16 -0.4 -2.5 

4.28 3.23 3.96 3.55 4.0 4.75 5.0 5.25 16 -0.4 -2.5 

TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW 

VIHnwli1 VILminl VIHArnmiVllAIM.lVIHT]VCCL! Vee IVCCHlloL I IOH I IL 

14 

14 
15 

15 

15 
14 

- '11,161 -,. ,. ,. 

and 

• • ... 
• 

15 ,. 16 ,. 8,14 
- • 8,15 

5.6 

• • 
1 

+ 
• 
+ 

logic ''1'' Output Volt9 
VOM,.I ~; 1~::~I::g~I:::1 =.I::!:I::gl::~;I:::I::!:I:::1 = 1::~:I::!gl::~:1 ~~~I !~ 15 

14 

,. 
16 

12 
13 

VOH2 
LOgiC "0" Output Volt. VOl1-

VOl2 

logic "1" Tt'lreshold Volt. VOHA 

Logic "0" Threshold VoltegB: VOLA 

Output Short-Circuit Current 'os 

10 2.4 I - I 2.4 

12 12"'13.3913.00 
13 2.97 3.39 3.00' -
10 
10 

0.5 
0.5 

g I~::I - 4.02· -
4.02 

2.4 I -' I 2.4 

3.441 3.041 J.50 12.981 J.4J 
J.44 3.04 3.50 2.98 3.43 

~~I=I~~I=I~: 

2.4 

3.00. -
3.00 

4.15 
4.15 

3.98 
3." - I:~~' -

12 
13 

J.41 
J.41 

J.46' -
- • J.46 

3.52 
3.52 = I~::' -

10 20 60 20 60 20 60 20 6O~.1 20 

-Devices will meet st.ncMrd MECl logic levels using VEE = -5.2 Vdc end Vee '" O. 

2.4 I - I Ydc 

~::: I ~:~~ I ~::; I ~:~ 
~:~l = I g::1 ~=~ 
- • 4.081 - I Vdc 

4.081 - I Vdc 

~::: I = I ~::: I ~:~ 
60 1 20 1 60 1 mAdcl 

15 

15 
14 

14 
14 

15 

14 

1. 
15 

15 15 

14 

14 
15 

15 ,. 
15 14 
14 
15 

- '11,16' -

16 1. 
- "1,161 - ",J6l !g 

1. 1. 
16 ,. 

- • 11,'6' -

10 

~~ I 

12 
13 

12 
13 

.. ' 

.. ' ... 

- '1\9,10 

3:3: 
(')(') ...... 
NN 
00 
0')0') 
..... 0 

3:3: 
(')(') ...... 
NN 
UIUI 
0')0') 
"'0 

n­
O 
::J 
~. 
::J 
C 
(I) 

C. 



MC12060, MC12560 (continued) 

MC12061, MC12561 

FIGURE 6 - AC CHARACTERISTICS - MECL AND MTTL OUTPUTS' 

+200 mV Vee"" +2.0 Vdc 

MECL Output 
(Pin 13) ---+=""1 t+ t-

0.1jlF f 

Pul .. Generator 
(EH 137 or Equiv) 

PRF - 2.0 MHz 
t+ IE t- "'" 2.0 ± 0.2 n. 

14 

16 " 
13 450 

12 450 

10 1.2 k MECL outPut--"::"8=-~:':~~- tf[-+ 
(P;n 121 50~ _ 

t- 2:.:0:.:"=-____ t+ 
L-.---r-~rr~~r=~4:00~~ 

.--l4--. ....... ~'V--o+~d~ 

C ...... __ ic .. -, 
Propeg.tlonOeI.v 1'5+10+ 

'15_10-
"5+12-
'15-'2+ 
115+13+ 
1'5_13-

Ri. Time 112. 
t13+ 

hUTirne t12-
"3-

All Input and output cable, to the scope 
are equal length, of 50 n coaxial cable. 

Unu.,d outputs are connectad to • 50 n 
±1% r.sistor to ground. 

CT "" 15 pF - total parasitic capacitance 
which Includes probe, wiring, and load 
capacitance. 

p~ 
MCl25l1O. Mel21e' 

u .... · ... c +aGe +l25Gc "c 
T .. .... T" .... Min 

" JO " 
,. JO " ,. " " " " " " 5 .• '.3 55 6 .• 5.' 

" 4 .• 37 5.2 5.5 5. 

" ... ..• 5 .• 54 4 .• 

" 5 .• ... 5 .• S.2 5 .• 

" 3 .• 3 .• ..• S .• 

" 3.' 3 .• ..• 5 .• 4 .• 

" 3. 3. .. '.5 ... 
" 3 .• - 3 .• 4 .• 4.S .. 
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VEe = -3.0 Vdc 

MCl2060, MCl2061 

+25o C +l'SoC 

T,. 

" :IS " " 
,. ,. 

! 4.3 55 5 .• 

" 5.2 5.2 ... 5 .• 52 ... S .• 5.' 
3. ..• .. "' - 3 .• - 4.' "' 
3 .• .. 4 .• "' 3 .• ..• - ..• " 

MM06150 
or Equiv 

MM07000 
or EQuiv 

-3.0 Vdc 

TEST VOL TAGES/WAVEFORMS 
APPLIED TO PINS LISTED BELOW: 

PuI_ln Put-Out .2.oVclc -3.0Vdc G ... 

" 
,. 11,16 ... " 

! 
,. 

! ! ! " " " " " " 11.16 ..9 " " " 11,16 ... " 
" " 11.16 . .. " " " 11,16 '.' " 



MC12060, MC12560 (continued) 

MC12061, MC12561 

FIGURE 7 - AC TEST CIRCUIT - SINE WAVE OUTPUT 

Vee = +2.0 Vdc O.I/OF 

Crystal - Reeves Hoffman Series Mode 
Series Aesistance Minimum • 
at F u "dame" tal 
MCI2060/12560, O.I/OF 

fz:500kHz 
Re = 1 k n 

MC12061/12561' 
f= 10MHz 

Re c 5 n 

'RS - MCI2060/12560= 3 kn 
MC12061112561 c 150 n 
AS 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 kn 
for MC12060/12560 and 

155 n for MC12061/12561. 

All output cables to the scope are equal 
lengths of 50 .n coaxial cable. All unused 
cables must be terminated with 8 50 n 
±'% resistor to ground. 
450 n resistor and the scope termination 
impedance constitute 8 10:1 attenuatar 
probe. 

Characteristic 

Sine Wave Amplitude 
MC12060/12560 

MC12061/12561 

,..-.l-_--L ____ ....L-, 3 450 

2 450 

6 

..... ---<1>----. Vee· -3.0 Vdc 

Cry""1 D~ 
MCI2560 MC12060 TEST VOLTAGE 

Pin 
MC12561 MCI2061 APPLIED TO PINS 

Undar +25oC +250 C LISTED BELOW 

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

2 600 675 500 650 

mr
p 

1 8,9 
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 section5: an oscillator with AGe and two translators 
(Figure 1). Buffered complementary sine wave outputs are avail-
8~e from the oscillator section. The translators convert these sine 
wave outputs to levels compatible with MECL andlor MTTL. 

Series mode aystals should be used with the oscillator. If it is 
necessary or desirable to adjust the crystal frequency, a reactive 
elen'Ent 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 frequency is changed from the natural resonance of the 
aystal, more and more dependence is placed on the external re­
actance, and temperature drift of the trimming oomponents then 
affects overall oscillator IJE!'rformance. 

The MC12060/12560and MC12061/12561 are designed to op­
erlta from • single supply - either +5.0 Vdc or -5.2 Vdc. Although 
each translator has separate VCC and Vee supply pins, the circuit 
is NOT designed to operate from both voltage levels at the same 
time. The separate VEE pin from the MTTL translator helps 
minimize transient disturbance. If neither translator is being used, 
all unused pins (9 thru 16) should be connected to VEE (pin 81. 
With the translators not IX)vvered, supply current drain is typically 
rodUC8d 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 oscifiator circuits (of a given 
device type number) will very somewhat when used with a given 
test .tup, however the variation should be within approximately 
±O.001% from unit to unit. 

Frequency variations with temperature (independent of the 
crystal, which is held at 2sDC) are smoll - about -0.08 ppmfDC 

for MC12061/12561 operating at 8.0 MHz, and about -0.16 
ppmfDC lor MC12060/125600peratingat 1.0 MHz (see Figure 81. 

Signal Chlract.istics 
The sine wave outputs at either pin 2 or pin 3 will typically 

range from 800 mVp-p (no load) to SOO 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 11 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 Vee = +5.0 Vdc. 

Harmonic distortion content in the sine wave outputs is crystal 
as well as circuit dependent. The largest harmonic (third) will 
usually be at least 15 dB down from the fundamental. The har· 
monic content is approximately 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 12and 13) will drive upto 
five gates, as defined in Figure 10, and the MTTl output (pin 10) 
will drive up to ten gates, as defined in Figure 11. 

Noi. Cher.~.iltics 

Noise level evaluation of the sine wave outputs using the 
circuit of Figure 12, with operation at 1.0 MHz for MC120601 
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 andlor 
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, MC12560 (continued) 

MC12061, MC12561 

FIGURE 8 - FREOUENCY SHIFT versus TEMPERATURE 
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FIGURE 10 - MECL TRANSLATOR LOAD CAPABILITY 
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FIGURE 11 - MTTL TRANSLATOR LOAD CAPABILITY 
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FIGURE 12 - NOISE MEASUREMENT TEST CIRCUIT 
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ANALYZER SETTING 

Video 
Measurement Sweep Bandwidth Filter 

Noise Floor 50 kHz/div 10 kHz 10 Hz 

Close-In Noise 20 kHz/div 10 Hz 10 Hz 
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MOTOROLA 
MIL-M-38S10 
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 iri 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 d\!vices: 
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-rei specifications designated 
as MIL-M-38510 JAN-Processing. (See ordering 
information.) 
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The MOTOROLA MIL-M-38510 PROGRAM is 
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-rei program, 
the MOTOROLA MIL-M-38510 PROGRAM aids 
in reducing the high costs and delivery delays 
normally associated with "custom" hi-rei 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-rei cus­
tomers with the finest in quality, reliability and 
performance - fast! 

THE MOTOROLA MIL-M-38S10 PROGRAM 
OFFERS YOU THESE BENEFITS: 

L 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 



I MI L·M·38510Ioontin ",d) 

MIL -M-3851 0 processed 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-3851O qualified MECL 
10,000 devices. 

Most devices in the MECL II, and MECL III 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,OXX -
MC10,lXX 

-300C/+850C 
L 

MC10,2XX L 
MC10,3XX -

MC10,4XX -
MC10,5XX 

-550C/+1250C 
L,F 

MC10,6XX L,F 
MC10,7XX 

MECLIII 

MC16XX -300C/+850C L,F 
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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 
I 

CassA 
I 

Class B 
I 

CassC 
JAN·QUALIFIED DEVICE MARKINGS 

JM38510/XXXXXAXX JM38510/XXXXXBXX JM38510/XXXXXCXX 

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

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

DEVICE: MC1741BCBJ 

Digital 

MC5400BCBJ 

MC5400BCBJ 
2. Must be manufactured in a Government· 

approved facility. ORDER: MCI74IBCBJ 

3. Product inventoried in distributor and OEM 
warehouses. 

MARKING: JM385IO/lOIOIBCB JM385IO/OOI04BCB 

HOW TO ORDER MIL·M·38510 JAN·QUALIFIED PRODUCT 
BaSIC Numbering Parameters - Example: JM38510/XXXXXBCB 

M38510 /XXX xx B 
')' (2) ,3) 15' 

(1) = J - This Indrcates a qualified deVice. 
(2) = M385IO - The military designator. 

C B 
(6) rll 

(3) = /XXX - This three·dlglt number signifies the detail 
specification In which the device type is found. The 
detail specifications. also referred to as "slash specs," 
generally contain more than one device type and are 
written for various generic groupings (i.e .. TTL NAND 
Gates. TTL NAND Buffers, TTL Flip·Flops. Op Amps. 
Voltage Regulators. etc.) 

(4) = xx - ThiS two·digit number Identifies the device type 
within the detail specification. 

(5) = B - This is a single letter and specifies the device 
class per MIL·M·385IO and will be class A, B or C. 

(6) = Case Outline. (See listings in adjacent column). 
(7) = Lead finish. (See lIStings in adlacent column). 

The Motorola equivalent of the JAN M385IO part num· 
ber is as shown In the following example and should be 
referenced when ordering your specific device requirement. 

MCXXXX BCB J 
(1) (2) (3) 

1. The MCXXltX designates the Motorola source deVice 
type. 

2. The first three letters after the part type have the same 
meaning and order as in the JAN part numbering sys· 
tern. This will simplify your cross· referencing. 

3. J. which is the last letter in the part number. desig· 
nates a JAN·qualified device. 
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Case outline and lead finish designations 
are common to both JAN Qualified 
andJAN~de~ 

QUALIFIED # (6) PROCESSED # (3) 

C - This is a single letter 
and specifies the package or case 
outline. A list of the currently· 
defined package types (the letters 
define the same case outline for 
all detail speCifications) is shown 
below: 

CASE OUTLINE 
DESIGNATOR CASE OUTLINE 

*A - 1/.' x 1,4" flat pack, l4'pin 
B - I/S' x 1,4" flat pack, l4-pin 
C - 1,4" x %" dual-in· line, l4·pin 

*0 - 1/4 " X If.'' flat pack, l4'pin 
E - 1/.' x 3,4" dual·in-line, l6-pin 
F - 1/4 " X If.'' flat pack, l6'pin 
G - 8-lead can 
H - 1,4" x 1,4" flat pack, lO-lead 
I - lO·lead can 
J - %" x 11,4" dual·in·line, 24-pin 
K - 3fa" x I/Z" flat pack, 24-pin 
Z - 1,4" X 1/2 " flat pack, 24-pin 

- A and D outlines are Interchangeable 



MIL-M-38S10 JAN· PROCESSED PRODUCT 
I 

Class A 
I 

Class B 
I 

Class C 
I 

Class D 
JAN·PROCESSED DEVICE MARKINGS 

MC38510/XXXXAXXM 
MC38510/XXXXAXXS 

JAN PROCESSED 

MC38510/XXXXBXXM 
MC38510/XXXXBXXS 

MC38510/XXXXCXXM 
MC38510/xxxxcxxs 

MC38510/XXXXDXXM 
MC38510/XXXXDXXS 

1. No G.S.I. provided. 

2. Government·approved facility 
not required. 

will be designated by an "S" 
suffix. 

Examples of MIL·M·38510 
JAN·Processed markings: 

3. Product supplied with MIL·M· 
38510 elect rica Is will be desig· 
nated by an "M" suffix. 

5. Devices will be manufactured 
using design and processing 
guidelines contained in MIL·M· 
38510. 

DEVICE: 
ORDER: 

linear 
MCI741BCBIM or 51 
MCI741BCBIMor51 

MARKINGS: MC3851011741BCB 1M or SI 

4. Product supplied with Motorola 
standard data sheet electricals 

6. Inventories will be maintained 
prior to burn·in and final elec· 
trical tests. 

Digital 
DEVICE: MC5400BCB 1M or 51 
ORDER: MC5400BCB 1M or 51 
MARKINGS: MC38510/5400BCB 1M or 51 

QUALIFIED #(7) PROCESSED # (4) 
B - This is a single letter 

and specifies the finish to be 
used on the package leads. There 
are three types of lead finishes 
which are acceptable for JAN 
product. They are: 

LEAD FINISH 
SYMBOL 

A 

B 

c 

LEAD FINISH 

- Kovar or Alloy 42. with hot 
solder dip 

- Kovar or Alloy 42. with bright 
acid tin plate 

- Kovar or Alloy 42. with 
gold plate 

Note: For other Motorola standard pack· 
aging. not currently identified in MIL·M· 
38510. contact your Motorola represen· 
tative. 

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 
to Motorola's standard data sheet electricals. the order 
would be entered as follows: 

MCXXXX B C B S 
il) (3) ," (5) 

(1) = Motorola deVice type. 
(2) = B - This is a single letter and specifies the device 

ciass per MIL·M·38510 for Classes A. Band C. 
Class D is an added Motorola JAN processing class 
and is the same as the MIL·M·38510 Class B 
except for the differences shown in the following 
screening procedures table. 

(3) = Case Outline. (See listings in adjacent column). 
(4) = Lead finish. (See listings in adjacent column). 
(5) = S - This is a single letter and specifies the elec· 

trical specifications to which the device is to be 
screened during electrical test and will be either an 
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. 

Electrical Test Symbols Test Level 

S - Motorola standard 
data sheet electricals 

M - JAN slash·sheet 
electricals 

7·5 



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. 

CLASS A CLASS B CLASS C CLASS D 

SCREEN METHOD RQMT METHOD 

Internal Visual (Precap) 2010 Cond 100% 2010 Cond 
A and 38510 Band 38510 

100824 hrs 1008. 24 hrs 
Stabilization Bake min. test 100% min, test 

condition C condition C 
Thermal Shock lOll. Cond A 100% 
Temperature Cycling 1010, Cond C 100% 1010. Cond C 

2002 Cond F 
One Shock In 

Mechanical Shock V, plane only 
100% or 5 shocks 

at Cond B In 
y, plane 

2001 Cond E 2001 Cond E 
Constant Acceleration (min) in VI 

100% (min) YI plane then 
V, plane plane 

Seal (a) Fine 
(b) Gross 1014 100% 1014 

JAN slash -sheet JAN slash·sheet 
Interim Electrical electrical electrical 

Parameters specification 100% specifications 
unless otherwise unless otherwise 
designated designated 

1015 1015 
Burn-in test 240 hrs @ 100% 168 hrs@ 

125°C min 125·C min 

JAN slash-sheet 

Interim Electricals 
electrical specI-
fications unless 100% 
otherwise 
deSignated 

Reverse Bias Burn-In 1015 Cond A 
or C 72 hrs 100% 
at 150·C min 

Final Electrical tests JAN slash-sheet JAN slash-sheet 

(a) Static tests electrical electrical 

(1) 25' C (Subgroup specifications 100% specifications 

1 table 1 5005) unless otherwise unless otherwise 
designated designated 

(2) Max and min 
rated op. temperature 

100% (subgroups 2 and 3 
table I. 5005) 

(b) Dynamic tests and/or 
switching tests 2S·C 

100% (subgroup 4 and 9 . 
table 1. 5005) 

(C) functional test 
25'C (subgroup 7 100% 
table I. 5005) 

Radiographic 2012 100% 

Qualification or quality 5005 per 5005 
conformance inspection Class A 38510 Class B . 
External Visual 2009 100°0 2009 

- Group A per 5005, Generic data available for .roups B & C on deVices 

produced to Class B. C. 0 for JAN processed (from JAN pro. ram) 
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ROMT METHOD ROMT METHOD RQMT 

100% 2010 Cond 100% 2010 Cond 100% Band 38510 Band 38510 

10OS, 24 hrs 10OS. 24 hrs 
)')0% min, test 100% min, test 100% 

condition C condition C 

100% 1010 Cond C 100% 1010, Cond C 100% 

- - -

2001 Cond E 2001 Cond E 
100% (min) y, 100% (min) y, 100% 

plane plane 

100% 1014 100% 1014 100% 

Motorola stand. 
data sheet 

100% - electrical specs 100% 
unless otherwise 
ir.dicated 

1015 
100% - 168 hrs@ 100% 

125·C min 

JAN slash-sheet Motorola stand. 
electrical data sheet 

100% specifications 100% electrical specs 100% 
unless otherwise unless otherwise 
designated Indicated 

100% - -

100% - -

100% 100% 100% 

- - -
per 5005 per 5005 ::> 38510 Class C 38510 Class B . . 

100% 2009 100% 2009 100% 
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