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CD4027M/CD4027C dual JK master/slave flip-flop
with set and reset '

general description

These dual JK flip-flops are monolithic Comple- ® Medium speed ~ 8.0MHz typ
mentary MOS (CMOS) integrated circuits con- operation with 10V supply
structed with N and P-channel enhancement mode ® High noise immunijty 0.45 Ve typ

transistors. Each flip-flop has independent J, K,
set, reset and clock inputs and buffered Q and

Q outputs. These flip-flops are edge sensitive to appllcatlons
the clock input and change state on the positive ®  Automotive
going transition of the clock pulses. Set or reset ® Data terminals
is independent of the clock and is accomplished .

: L ® |nstrumentation
by a high level on the respective input. R X

® Medical electronics

features ® Alarm systems
® Wide supply voltage range 3.0V to 15V = Remote metering
® | ow power 50 nW typ ® Computers

schematic diagram

1,9
SET O

MASTER

4,12

cr 1,15
[}
SLAVE

[s, —
RESET T

3,13 l
cLocK O—'I )O—i)—c{ >—p CL

connection diagram

truth table

*tq.1 INPUTS *t, OUTPUTS
Voo @1 @1 CLOCK1 RESET1 K1 noosEmt ct* J K s R afla a
Ins 15 Iu 13 12 In w__ s /v x o o of1 o
T T
/ x o o o |1 o
l /- o x o o oo 1
| /- x 1-0 o 1|0 1
FIRL ! ] L. X x 0 0 Xx (No change)
‘ FF2 X X x 1 0o x|t o
X X x 0 1 x|lo 1
l _I x X X 1 1 X .
[ Where:
1 2 3 4 5 3 7 8
i . | = High Level ® =t 1 refers to the time interval prior to the
a2 02 CLOCK2 RESET2 K2 32 SET2 Vss O = Low Leve! positive clock pulse transition

TOP VIEW

4 = Level Change

X = Do

* = t, refers to the time intervals after the

n't Care positive clock pulse transition

+ = Invalid Condition
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CD4027M/CD4027C

absolute maximum

Voltage at Any Pin (Note 1)
Operating Temperature Range

ratings

Vss — 0.3V to Vgg + 15.5V

CD4027M -55°C to +125°C
CD4027C -40°C to +85°C
Storage Temperature Range" —65_°C to +150°C
Package Dissipation 500 mW
Operating Vpp Range Vgs + 3.0V to Vgg + 15V
Lead Temperature (Soldering, 10 seconds) 300°C
dc electrical characteristics cp4027m
LIMITS R
PARAMETER CONDITIONS -56°C 25°C 125°C UNITS
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
Quiescent Device Vpp =5.0V 1.0 0.005| 1.0 60 HA
Current (1) Vop = 10V 20 0.005{ 2.0 120 HA
Quiescent Device Dissi- | Vpp = 5.0V 5.0 0.025{ 5.0 300 uW
pation/Package (Pp) Vpp = 10V 20 0.05 20 1,200 uw
Output Voltage Low Vpp =5.0V 0.01 0 0.01 0.05 \Z
Level (Vo) Vpp = 10V 0.01 0 0.01 0.05 v
Output Voltage High Vpp =5.0V 4.99 4.99 5.0 4.95 \
Level (Vou) Vpp =10V 9.99 9.99 10 9.95 \Z
Noise Immunity Vpp = 5.0V 15 1.5 225 1.4 \
(Vni) (Al Inputs) Vpp =10V 3.0 3.0 4.5 2.9 \
Noise Immunity Vpp = 5.0V 14 1.5 225 1.5 \
(V) (ANl Inputs) Vpp = 10V 29 3.0 45 3.0 \Z
Output Drive Current Vpp =5.0V, Vo =0.5V| 0.63 0.5 1.0 0.33 mA
N-Channel (IoN) Vop =10V, Vo =0.5V | 1.25 1.0 25 0.7 mA
Output Drive Current Vpp =5.0V, Vo =4.5V| -0.31 —0.25 | 05 -0.175 mA
P-Channel (I5P) Voo = 10V, Vo =9.5V [ -0.8 -0.65 | -1.3 -0.45 mA
Input Current (I;) Any Input 10 \ pA
dc electrical characteristics cbao27c
) LIMITS
PARAMETER CONDITIONS -40°C . 25°C 85°C UNITS
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
Quiescent Device Vpp =5.0V 10 0.01 | 10 140 HA
Current (1) Vpp =10V 20 0.05 | 20 280 MA
Quiescent Device Dissi- | Vpp = 5.0V 50 0.05 | 50 '700 MW
pation/Package (Pp) Vpp = 10V 200 0.02 | 200 2,800 uW
Output Voltage Low Vpp = 5.0V 0.01 0 0.01 0.05 \
Level (Vo) Vop = 10V 0.01 0 0.01 0.05 v
Output Voltage High Vpp =5.0V 4.99 4.99 5.0 4.95 Vv
Level (Vou) Voo = 10V 9.99 999 | 10 9.95 v
Noise Immunity Vpp = 5.0V 15 15 2.25 1.4 Y
(Vo) (All Inputs) Vop = 10V 30 30 | 45 29 ]
Noise Immunity Vpp =5.0V 14 15 225 15 v
(Vg ) (Al Inputs) Vpp = 10V 2.9 30 | 45 30 v
Output Drive Current Vpp =5.0V, Vo =05V| 0.3 0.3 1.0 0.24 mA
N-Channel (ipN) Vop = 10V, Vo =05V | 0.72 06 | 25 0.5 mA
Output Drive Current Vpp =5.0V, Vg =4.5V| -0.17 -0.14 | 05 —0.063 mA
P-Channel (IpP) Voo = 10V, Vg =95V | 0.4 -0.33 | -1.3 -0.27 mA
Input Current (1) Any Input 10 pA

Note 1: This device should not be connected to circuits with power on because high transient voltages may cause permanent

damage.
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ac electrical characteristics cp4o27m

Ta =25°C, Vgg =0V,.C_ = 15 pF, and input rise and fall times = 20 ns, except t,c,_ and tecy .

Widths (twy (m))

LIMITS
PARAMETERS CONDITIONS UNITS
' MIN TYP MAX
Propagation Delay Time (tpy, ) Vpp = 5.0V 150 300 ns
Propagation Delay Time (tpy ) Vpp = 10V 75 110 ns
Transition Time (tyy, ) Vpp =5.0V 75 125 ns
Transition Time (tyy ) Vpp = 10V 50 70 ns
Minimum Clock Pulse Width (ty, ) Vpp =5.0V 125 300 ns
Minimum Clock Pulse Width (tyy) Vpp = 10V 50 100 ns
Maximum Clock Rise and Fall
=5. 1
Time (*tocy) Voo = 5.0V 5 s
Maximum Clock Rise and Fall
Time (trcd) Vpp = 10V 5.0 us
. Vpp = 5.0V 70 150 ns
Set-Up Time Vpo = 10V 25 50 ns
Maximum Clock Frequency Vpp =5.0V 15 30 MHz
(Toggle Mode) (fCL) Vpp = 10V 45 8.0 "MHz
Input Capacitance (C,) 5.0 ‘pF
SET AND RESET OPERATION
Propagation Delay Time (tpyy_(g)) Vpp =50V 175 225 ns
Propagation Delay Time (tpy yi(s)) Vpp = 10V 75 110 ns
Minimum Set and Reset Pulse
 Widths (twere)) Voo = 5.0V 125 200 ns
Minimum Set and Reset Pulse _
Widths (twe cry) Vpp = 10V 50 80 ns
ac electrical characteristics cp4027¢c
Ta =25°C, Vgg =0V, C_ = 15 pF, and input rise and fall times = 20 ns, except t,c, and tycy .
LIMITS
PARAMETERS CONDITIONS UNITS
MIN TYP MAX
Propagation Delay Time (tpy ) Vpp = 5.0V 150 400 ns
Propagation Delay Time (tpy ) Vpp =10V 75 150 ns
Transition Time (tyy ) Vpp =5.0V 75 250 ns
Transition Time (ty ) Vpp = 10V 50 140 ns
Minimum Clock Pulse Width (ty, ) Vpp =5.0V 125 400 ns
Minimum Clock Pulse Width (tywy) Vpp = 10V 50 130 ns
Maximum Clock Rise and Fall
V, =5
Time ("t,c) oo =50V . 5 s
Maximum Clock Rise and Fall _
Time (‘SCL) Vpp = 10V 5.0 us
. Vopp =5.0V 70 200 ns
Set-Up Time Vpp = 10V 25 75 ns
Maximum Clock Frequency Vpp =5.0V 1.0 3.0 MHz
(Toggle Mode) (fCL) Vpp = 10V 3.0 8.0 MHz
Input Capacitance (C,) 5.0 pF
SET AND RESET OPERATION
Propagation Delay Time {tony (a)) " Vpp =50V 175 350 ns
Propagation Delay Time (tpi14(s)) Vpp =10V 75 150 ns
Minimum Set and Reset Pulse
oo = 5. 125
Widths (twp sy) Voo =50V 300 ns
Minimum Set and Reset Pulse Voo = 10V 50 120 s
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CD4028M/CD4028C

NS

CD4028M/CD4028C BCD-to-decimal decoder

general description

The CD4028M/CD4028C is a BCD-to-decimal or binary- |

to-octal decoder consisting of four inputs, decoding
logic gates, and ten output buffers. A BCD code applied

" to the four inputs, A, B, C and D, results in a high level
at the selected one of ten decimal decoded outputs.
Similarly, a 3-bit binary code applied to inputs A, B and
C is decoded in octal at outputs O through 7. A high
level signal at the D input inhibits octal decoding and
causes outputs O through 7 to go low.

All inputs are protected against static discharge damage
by diode clamps to Vpp and Vsg.
features

m Wide supply voltage range
® High noise immunity

3.0V to 15V
0.45 Ve (typ)

‘m High decoded output drive capability

® Low power

truu, tron = 30 1s (typ)
at VDD =10V

®  Medium speed operation

m Glitch free outputs
. 8mA (typ) .

m “‘Positive logic’’ on inputs and outputs

applications

® Code conversion
®  Address decoding

® |ndicator—tube decoder

logic and connection diagrams
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absolute maximum
Voltage at Any Pin (Note 1)

ratings

Operating Temperature Range

CD4028M
CD4028C

Storage Temperature Range

Package Dissipation

Operating Vpp Range

Lead Temperature (Soldering, 10 seconds)

Vss — 0.3V to Vpp + 0.3V

-55°C to +125°C

—40°C to +85°C
—65°C to +150°C
500 mW
Vgs + 3.0V to Vgg + 16V
300°C

dc electrical characteristics cp4o2sm

LIMITS
PARAMETER CONDITIONS —55°C 25°C 125°C. UNITS
MIN TYP | MAX | MIN TYP MAX | MIN TYP MAX
Quiescent Device Vpp =5V 5 0.5 5 300 HA
Current (I ) Vpp =10V 10 1 10 600 HA
Quiescent Device Dissi- Vpp =5V 25 25 25 1500 uw
pation/Package (Pp) Vpp = 10V 100 10 100 6000 uw
Output Voltage Low Vpp =5V 0.01 0 0.01 0.05 \%
Level (Vo ) Vpp =10V 0.01 0 0.01 0.05 \
Output Voltage High Vpp =5V 4.99 499 | 5 4.95 \
Level (Vgy) Vpp = 10V 9.99 9.99 10 9.95 \
Noise Immunity Vpp =5V 1.6 1.5 2.25 1.4 \4
(Vo) (ANl Inputs) Vpp = 10V 3 3 45 2.9 v
Noise Immunity Vpp =5V 1.4 1.5 2.25 1.5 Vv
(Vn) (All Inputs) Vpp = 10V 2.9 3 45 3 v
Output Drive Current Vpp =5V, Vg =05V 0.75 0.6 1.2 0.45 mA
N-Channel (I5N) Vpp =10V, Vg5 = 0.5V 1.5 1.2 2.4 0.9 mA
Output Drive Current Vpp =5V, Vg =4.5V -0.7 —0.45 | 0.9 -0.32 mA
P-Channel (I P) Vbp =10V, Vg = 9.5V -1.4 095 [ -1.9 —0.65 mA
Input Current (1) Any Input 10 pA
dc electrical characteristics cp4o2sc
LIMITS
PARAMETER CONDITIONS —40°C 25°C 85°C UNITS
MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX
Quiescent Device Vpp =5V 50 5 50 700 MA
Current {1, ) Voo = 10V 100 10 | 100 1400 uA
Quiescent Device Dissi- Vpp =5V 250 25 250 3500 uw
pation/Package (Pp) Vpp =10V 1000 100 | 1000 14000 Hw
{
Output Vo'tage Low Vpp =5V 0.01 0 0.01 0.05 \
Level (Vg ) Vpp = 10V 0.01 0 0.01 0.05 \
Output Voltage High Vpp =5V ' 4.99 4.99 5 4.95 \%
Level (Vou) Vpp = 10V 9.99 9.99 | 10 9.95 v
Noise Immunity Vpp =5V 1.5 1.5 2.25 14 \
(Vno) (All Inputs) Vpp = 10V 3.0 3 45 29 A
Noise Immunity Vpp =5V 1.4 1.5 2.25 1.5 \
(Vnw) (Al Inputs) Vpp = 10V 2.9 3 4.5 3 \
Output Drive Current Vpp =5V, Vo =05V 0.35 03 1.2 0.25 mA
N-Channel (15N) Vpp = 10V, Vg = 0.5V 0.7 0.6 2.4 0.5 mA
Output Drive Current Vpp =5V, Vg =45V -0.32 -0.22 | 0.9 —0.18 mA
P-Channel (15P) Vpp =10V, Vg = 9.5V —-0.65 —0.48 | -1.9 —0.4 mA
Input Current (1) Any Input 10 pA

Note 1: This device should not be connected to circuits with power on because high transient vbltages may cause permanent damage.
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CD4028M/CD4028C

ac electrical characteristics cp4o02sm
Ta = 25°C, Vgs =0V, C =15 pF, and input rise and fall times = 20 ns.

0= Low Level

- LIMITS : :
PARAMETERS CONDITIONS UNITS
MIN TYP MAX o
Propagation Delay Time (tpyp, teLp) Vpp =5V 200 480 . ns
VDD =10V 100 180 § ns
Transition Time (tTHLr tTLH) VDD =5V 60 150 ns
, Vpp = 10V .30 75 ns
Input Capacitance (C;) Any Input 5 pF
ac electrical characteristics cpao2sc
Ta =25°C, Vgg = 0V, C_ = 15 pF, and input rise and fall times = 20 ns.
LIMITS
PARAMETERS CONDITIONS - UNITS
MIN TYP MAX
Propagation Delay Time (tPHL, tpLn) Vpp =5V 200 700 " ns
) Vpp = 10V 100 290 ns
Transition Time (tyy, tyip) Vpp =5V 60 300 ns
Vpp = 10V 30 150 ns
Input Capacitance (C,) Any Input "5 pF
truth table
A B C D 0 1 2 3 4 5 6 7 8 9
o 0 o0 O 1 o o0 O o o 0 o0 O0 O
B} o 0 O 1 0 1. 0 0 0 O0 0 0.0 O
o 0o 1 o0 o o 1 6 0 0 0 O 0 O
0 0 1 1 0 0 0 1 0 0 0 0 0o o0
0 1 0o o o 0 o0 O 1 0 o o 0 o
0 1 0 1 0o o0 o0 o0 O 1 o 0o 0 o
o 1 1 0 o o 0o 0 O 0 1 0 o0 O
0 1 1 1 o o o 0 o0 O0 O 1 0 o0
1 0 0 0 0 0 0 0 0 0 0 0 1 0
1 -0 0 1 0 0 0 o 0o o0 0 0 0 1
1 = High Level
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CD4029M/ CD4029C presettable, binary/decade, up/down counter

general description

The CD4029M/CD4029C is a presettable up/down
counter which counts .in either binary or decade mode
depending on the voltage level applied at binary/decade
input. When binary/decade is at logical 1"’ the counter
counts in binary, otherwise it counts in decade. Similarly,
the counter counts up when the up/down input is at
logical 1" and vice versa.

A logical ““1”" preset enable signa! allows information at
the “jam" inputs to preset the counter to any state
asynchronously with the clock. The counter is advanced
one count at the positive-going edge of the clock if the
carry in and preset enable inputs are at logical "‘0.”
Advancement is inhibited when either or both of these
two inputs is at logical ““1.”” The carry out signal is

normally at logical ‘1"’ state and goes to logical 0"
state when the counter reaches its maximum count in
the “‘up’’ mode or the minimum count in the “down’’
mode provided the carry input is at logical ‘0" state.

All inputs are protected against static discharge by diode
clamps to both Vpp and Vgs.

features

= Wide supply voltage range 3.0V to 15V

® High noise immunity 0.45 Vpp typ

® Medium speed operation 9.0 MHz typ
with 10V Vpp

and 15 pF load

connection diagram

JAM INPUTS

BINARY/
Voo CLOCK Q3 3 Q2 UP/DOWN DECADE
. 16 15 14 13 12 1 10 9
1 2 3 1 5 6 7 8
PRESET 04 4 CARRY Q1  CARRY Vg .
ENABLE AN WPUTS 1] ouT

cascading packages

TOP VIEW

Paral!el Clocking

UP/DOWN

PRESET

ENABLE JAM INPUTS

JAM INPUTS

uo PE N1 2 3

up PE N1 J2 13 s

. |- 0 NEXT
..L—- c [ o €0 [—— ! sract
= 8/ CLK 01 02 Q3 04 8/D CLK Q1 02 03- 04
[ —) e
oUTPUTS OUTPUTS
cLocK
BINARY/
DECADE
Ripple Clocking
UP/DOWN
PRESET
ENABLE JAM INPUTS JAM INPUTS
1.1 1 L1 11
uo PE N 420 13 W D PE Nt 2 13 u.
. TO NEXT
[ . co [l co STAGE
B/0 CLK 01 Q2 03 04 B/D CLK 01 02 03 04
I | T
ctock oUTPUTS OUTPUTS
BINARY/
. DECADE

N ——
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CD4029M/CD4029C

absolute maximum

ratings

o

—65°C to +150°C

Voltage at Any Pin Vgg —0.3V to Vgg +15.6V Storage Temperature Range
Operating Temperature Rang Package Dissipation N 500 mW"
CD4029m —-55°C to +125°C Operating Vpp Range Vgg +3.0V to Vgg +16V .
CD4029C -40°C to +85°C Lead Temperature (Soldering, 10 seconds) .300°C
dc electrical characteristics cp4o2om : :
LIMITS <\
PARAMETER CONDITIONS ~55°C | 25°C 125°C UNITS
' ) MIN Tvp | MAX | MIN TYP | MAX MIN | TYP | MAX
Quiescent Device Vpp = 5.0V 5.0 03 {50 300 ‘ MA
Current (1) Vpp = 10V 10 05 | 10 600 MA
Quiescent Device Dissi- Vpp = 5.0V 25 15 | 25 1,600 W
pation/Package (Pp) Vpp =10V 100 5.0 100 6,000 uw
Output Voltage Low Vpp = 5.0V 0.01 0.01 0.05 \Y
Level (Vg ) Vpp = 10V 0.01 0.01 0.05 \
Output Voltage High Vpp = 5.0V 4.99 4.99 5.0 4.95 \
Level (Voy) Vpp = 10V 9.99 999 | 10 9.95 v
Noise Immunity (Vi) Vpp =6.0V, Vo =0.8V 1.5 15 2.25 14 v
(All Inputs) Vpp =10V, Vg =1.0V 3.0 3.0 45, 29 \Y
Noise Immunity (V) Vpp =5.0V, Vg = 4.2V 14 1.5 2.25 1.5 v
(All Inputs) Vpp = 10V, Vg =9.0V 2.9 3.0 45 3.0 Y]
Output Drive Current Q Outputs
N-Channel (15 N) Vpp = 5.0V, Vg =0.5V 05 0.4 1.8 0.28 mA
Vop = 10V, Vo =05V 0.74 0.6 40 0.42 mA
Output Drive Current Carry Output
N-Channel (15N) Vpp =5.0V, Vg =05V 0.1 Q.OS 1.8 0.06 mA
Vop =10V, Vg =0.5V 0.4 .032| 40 0.22 mA
Output Drive Current Q Outpus
P-Channel (15P) Vpp =6.0V, Vo =4.5V -0.18 -0.12 | 0.9 —-0.08 mA
Vop =10V, Vo =95V -0.3 0.2 | -20 -0.14 mA
QOutput Drive Current Carry Output
P-Channel (15 P) Vpp =5.0V, Vg =4.5V -0.09 ~0.06 | 0.9 . -0.04 mA
Vpp =10V, Vg =9.5V -0.15 -0.1 | 2.0 -0.07 mA
Input Current (1,) ’ 10 pPA
dc electrical characteristics cpso29c
. . LIMITS 4
PARAMETER CONDITIONS -40°C 25°C 85°C | units
/ MIN TYP | MAX MIN TYP | MAX | MIN TYP | MAX
Quiescent Device Vop = 5.0V 50 05 | 50 700 MA
Current (1) Vpp =10V . 100 1.0 | 100 1,400 A
Quiescent Device Dissi- Vpp =5.0V 250 25 | 250 3,500 uW
pation/Package (P ) Vpp = 10V 1,000 10 | 1,000 | 14,000 W
Output Voltage Low . Vpp =5.0v 0.01 0 - | 0.01 0.05 v
Level (Vo) Vpp = 10V 0.01 0 0.01 0.05 \
Output Voltage High Vpp = 5.0V 4.99 4.99 5.0 4.95 \
Level (Vo) Vpp = 10V 9.99 999 | 10 9.95 ' v
Noise Immunity (Vy,) Vpp =5.0V, Vg =0.8V. 15 15 | 225 14 v
(All Inputs) Vpp = 10V, Vo =1.0V 3.0 3.0 45 2.9 v
Noise Immunity (Vy ) Voo = 5.0V, Vo = 4.2V 14 15 2.25 15 v
(All Inputs) Vo =10V, Vg =9.0V 29 3.0 45 3.0 \Y
Output Drive Current Outputs ' )
N-Channel (I5N) Vpp = 5.0V, Vo =05V - 0.24 0.2 18 0.16 .mA
Vpp = 10V, Vo =05V 0.36 0.3 4.0 0.24 mA
Output Drive Current Carry Qutput
N-Channel (15 N) Vopb =5.0V, Vi =05V 0.05 004 | 18 0.03 mA
Vpp = 10V, Vo' =05V 0.19 0.16 | 4.0 0.13 mA
Qutput Drive Current Outputs
P-Channel (15P) Vpp = 5.0V, Vo =45V -0.07 -0.06 | 0.9 —-0.05 mA
Vpp = 10V, Vo =95V -0.14 -0.1 | —20 -0.08 mA
Output Drive Current Carry Output , .
- P-Channel (I5P) Vpp = 5.0V, Vo = 4.5V -0.04 -0.03 | 0.9 | 002 | CmA
Vpp = 10V, Vg = 9.5V -0.07 -0.05 | —2.0 -0.04 | mA
Input Current {1,) 10 pA

180




ac electrical characteristics cp4o29m :
Ta =25°Cand C_ = 15 pF. Typical Temperature Coefficient for all values of V5 = 0.3%/°C.

PARAMETER ] CONDITIONS | MmN | TYP MAX I UNITS
CLOCKED OPERATION .
Propagation Delay Time to Q Vpp = 5.0V 150 650 ns
Outputs (tpy, tp ) Vpp = 10V 65 230 ns
Propagation Delay Time to Carry Vpp = 5.0V 280 850 ns
Output (tpp, tey ) Vpp = 10V 115 300 ns
Transition Time/Q Outputs Vpp = 5.0V 50 200 ns
(trrL, trom) Vpp = 10V 25 100 ns
Transition Time/Carry Output Vop = 5.0V 40 400 ns
(trri, tron) Vpp = 10V ‘20 200 ns
Minimum Clock Pulse Width . Vpp =50V 80 340 ns
(twe, twn) Vpp = 10V 30 170 ns
Clock Rise and Fall Time Vpp = 5.0V 15 Ms
(teL, tieL) . Vpp = 10V 15 Hs
Set-Up Time (tsne, tsim) Voo = 5.0V 140 650 ns
Voo = 10V o 55 230 ns
Maximum Clock Frequency (fc, ) Vpp = 5.0V 1.5 3.3 MHz
Vpp = 10V 30 9.0 MHz
Input Capacitance (C,) Any Input ) 5.0 pF
PRESET ENABLE OPERATION )
Propagation Delay Time To Q Vpp = 5.0V 230 650 ns
Outputs (tpre, torn) Voo = 10V 100 230 ns
Propagation Delay Time to Carry Vpp = 5.0V 340 850 ns
Output (tpuy, tepn) Vpp = 10V ;150 300 ns
Minimum Preset Enable Pulse Vpp = 5.0V 80 330 ns
Width (twy) Voo = 10V 30 160 ns
Minimum Preset Enable Removal Vpp = 5.0V . 145 650 ns
Time (tremoval ) Vop = 10V 60 230 ns
CARRY INPUT OPERATION . X -
Propagation Delay Time to Carry Vpp = 5.0V 200 350 ns
Output (tpyy, teLn) Voo = 10V 85 150 ns
ac electrical characteristics cp4o2oc
Ta =25°Cand C__ = 15 pF. Typical Temperature Coefficient for all values of Vpp = 0.3%/°C.
PARAMETER | CONDITIONS | MmN TYP MAX _UNITS
CLOCKED OPERATION . .
Propagation Delay Time to Q ’ Vpp = 5.0V 150 1300 ns
Outputs (tpyy, tern) Vpp = 10V 65 460 ns
Propagation Delay Time to Carry ' Vpp = 5.0V . 280 1700 ns
Output (tpy,, tery) Vpp = 10V . 115 600 ns
Transition Time/Q Outputs . Vpp = 5.0V 50 400 ns
(trre, trom) . Vpp = 10V 25 200 ns
Transition Time/Carry Output Vpp = 5.0V 40 800 ns
(tyuc. trom) Vpp = 10V 20 400 ns
Minimum Clock Pulse Width Vpp = 5.0V ' 80 500 ns
(twe, twe) : Voo = 10V 30 250 ns
Clock Rise and Fall Time ’ Vpp = 5.0V T 15 s
(tcL, tiod) Vpp = 10V 15 Hs
Set-Up Time (tgup, tsp) Vpp = 5.0V 140 1300 ns
. Vpp = 10V 55 460 ns
Maximum Clock Frequency (fc ) Vpp = 5.0V 1 3.3 MHz
Vop = 10V . 2 9.0 MHz
Input Capacitance (C,) " . Any Input 5.0 pF
PRESET ENABLE OPERATION
Propagation Delay Time to Q Vpp = 5.0V 230 1300 ns
Outputs (tpy, tey ) Vpp = 10V 100 460 ns
Propagation Delay Time to Carry Vpp = 5.0V 340 1700 ns
Outpiit (tpy, top) : Vpp = 10V 150 600 ns
Minimum Preset Enable Puise . Vpp = 5.0V 80 660 ns
Width (tyy) Vpp = 10V ‘ 30 320 ns
Minimum Preset Enable Removal Vpp = 5.0V 145 1300 ns
Time (taemovar) Vpp = 10V 60 460 ns
CARRY INPUT OPERATION
Propagation Delay Time to Carry Vpp = 5.0V 200 700 ns
Output {tey, toLp) Vpp = 10V 85 200 ns

181

0620vAd/IN62Z0vad



CD4029M/CD4029C

logic wa\)eforms ' Decade Mode e :
oo _LI'UFU_LII_UTUI_LFUF'U_UI_UTU[_U_UTLI_UTUTUFUFUFL
UP/DOWN ]

PRESET
ENABLE —l

a2

Pt

=

a3

a4

CARRY OUT I I
9

COUNT 0 1 2 3 4 5 6 7 8

L

tnipinigigigigigigigigigipigigigigigigigligh
CARRY IN I_—

UP/DOWN

‘BINARY/

DECADE

eunait | | 1

S T Ty Oy Ty Ty Ny O

=

a2 —l

a | ‘ I L [ 1

a4

CARRY OUT I_4r
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CD4030M/CD4030C quad EXCLUSIVE-OR gate

general description applications
These EXCLUSIVE-OR gates are monolithic Com- ® Automotive
plementary MOS (CMOS) integrated circuits con-

structed with N and P-channel enhancement mode ® Data terminals

transistors. All inputs are protected against static

discharge with diodes to Vpp and Vgs.

features

® |nstrumentation

® Medical electronics

® Wide supply voltage range 3.0V to 15V ® Industrial controls

® | ow power 100 nW (typ)

® Medium speed teHL = ten =40 ns (typ) ® Remote metering
operation at C_ =15 pF, 10V supply

® High noise immunity 0.45 V¢ (typ) ® Computers

schematic diagram

14

—O

A O—4

ik it

et

connection diagram

Voo

Iu In

||z 1 10 Is |n

W
J

0
T,

TOP VIEW

183

00€0¥Ad/N0E0YAD



CD4030M/CD4030C

absolute maximum

Voltage at Any Pin (Note 1)
Operating Temperature Range

ratings

Vs = 0.3V to Vgg + 15.5V

CD4030M -55°C to +125°C
CD4030C ~40°C to'+85°C
Storage Temperature Range —65°C to +150°C
Package Dissipation 500 mW

Operating Vpp Range

Vgs + 3.0V to Vgg + 15V

Lead Temperature (Soldering, 10 seconds) 300°C
dc electrical characteristics cp4o03om
LIMITS
PARAMETER CONDITIONS -55°C 25°C 125°C UNITS
min | TYP | Max | min | TYP | mAX | MIN | TYP | MAX
Quiescent Device Vpp =5.0V 0.5 0.005| 0.5 30 MA
Current (1) Vpp = 10V 1.0 001 | 10 60 HA
Quiescent Device Dissi- Vpp =5.0V 25 0.025§ 25 150 MW
pation Package (Pp) Vpp = 10V 10 0.1 10 600 uw
Output Voltage Low Vpp =5.0V 0.01 L 0 0.01 0.05 \
Level (Vo) Vpp = 10V 0.01 0 0.01 0.05 v
Output Voltage High Vpp = 5.0V 4.99 499 | 5.0 4.95 \Y
Level (Vo) Vpp = 10V 9.99 9.99 | 10 9.95 v
Noise Immunity Vpp =5.0V 15. 15 225 1.4 \%
(Al Inputs) (Vi) Vpp = 10V 3.0 3.0 45 2.9 v
Noise Immunity Vpp =5.0V 1.4 1.5 2.25 1.5 \Y
(AIl Inputs) (V) Vpp = 10V 29 3.0 45 3.0 Y
QOutput Drive Current Vpp =5.0V 0.75 0.6 1.2 0.45 mA
N-Channel (I5N) Vpp =10V 15 1.2 24 0.9 mA
Output Drive Current Vpp =5.0V 045 | -0.3 -0.6 -0.21 mA
P-Channel (I5P) Vpp = 10V -0.95 -0.65 | -1.3 -0.45 mA
Input Current (1) V,=0VorV, = \/DD T 10 PA
dc electrical characteristics cpaozoc
LIMITS
PARAMETER CONDITIONS -40°C 25°C 85°C UNITS
MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX

Quiescent Device Vpp =5.0V 5.0 0.05 | 5.0 70 HA
Current (I, ) Vpp =10V 10 01 |10 140 uA
Quiescent Device Dissi- Vpp = 5.0V 25 0,25; 25 350 MW
pation Package (Pp ) Vop =10V 100 1.0 | 100 1,400 W
Output Voltage Low Vpp =5.0V 0.01 0 0.01 0.05 \
Level (Vo ) Vpp = 10V 0.01 0 0.01 0.05 v
Output Voltage High Vpp = 5.0V 4.99 499 | 5.0 4.95 v
Level (Vou) Vpp = 10V 9.99 999 | 10 9.95 v
Noise Immunity Vpp = 5.0V 1.5 15 |.225 14 \Y
(Al Inputs) (Vi) Vpp = 10V 3.0 3.0 45 2.9 \
Noise Immunity Vpp =5.0V 1.4 1.5 2.25 15 v
(All Inputs)(Vyp) Vpp = 10V 2.9 3.0 45 3.0 \Y
Output Drive Current Vop =50 0.35 03 |12 0.25 mA
N-Channel (15 N) Vpp =10V 0.7 0.6 24 05 mA
Output Drive Current Vpp = 5.0V -0.21 -0.15 |06 -0.12 mA
P-Channel (I P) Vpp = 10V -0.45 -0.32 |-1.3 -0.25 mA
Input Current (I}) V,=0VorV,=Vpp 10 PA

Note 1: This device should not be connected to circuits with power on because high transient voltages may cause permanent '

damage.
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ac electrical characteristics cp4o03om

at Tp =25°C, Vgs =0V, and C, = 15 pF. Typical temperature coefficient for all values of Vpp = 0.3%/°C.
A ss L

LIMITS -
PARAMETER CONDITIONS UNITS
MIN TYP MAX

Propagation Delay Time (tpyy ) Vpp =5.0V 100 200 ns

Vpp = 10V 40 100 ns
Propagation Delay Time (tp_ 1) Vpp =5.0V 100 200 ns

Vpp = 10V 40 100 ns
Transition Time High to Low Vpp = 5.0V 70 150 ns
Level (try,) Vpp = 10V 25 75 ns
Transition Time Low to High Vpp =5.0V 80 150 ns
Level (ty n) Vpp =10V 30 75 ns
Input Capacitance (C,) V,=0VorV,=Vpp' 5.0 pF
ac electrical characteristics cp4o3oc

LIMITS
PARAMETER CONDITIONS UNITS
MIN TYP MAX

Propagation Delay Time (tpy ) Vpp = 5.0V 100 300 ns

VDD =10V 40 150 ns
Propagation Delay Time (tp_ ) Vpp = 5.0V 100 300 ns

Vpp = 10V 40 150 ns
Transition Time High to Low Vpp = 5:0V 70 300 ns
Level (try ) Vpp = 10V 25 150 ns
Transition Time Low to High Vpp =5.0V 80 300 ns
Level (tr ) Vpp = 10V 30 150 ns
Input Capacitance (C,) V,=0VorV,=Vpp 5.0 pF

truth table (For One of Four Identical Gates)

A B J
0 0 0
1 0 1
0 1

1 1 0

Where: - “1" = High Level
“0" = Low Level
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CD4035M/CD4035C

NI

CD4035M/CD4035C 4-bit parallel-in/parallel-out shift register

general description

The CD4035M/CD4035C 4-bit parallel-in/parallel-
out shift register is a monolithic complementary
MOS (CMOS) integrated circuit constructed with
P and N-channel enhancement mode transistors.
This shift register is a four-stage clocked serial
register having provisions for synchronous parallel
inputs to each stage and serial inputs to the first
stage via JK logic. Register stages 2, 3, and 4 are
coupled in a serial "D" flip-flop configuration

when the register is in the serial mode (Parallel/ .

Serial control low).

Parallel entry via the ‘D" line of each register
stage is permitted only when the Parallel/Serial
control is “high.”

In the parallel or serial mode information is trans-
ferred on positive clock transitions.

becomes a “D”’ flip-flop. An asynchronous common
reset is also provided.

features

® Wide supply voltage range
4-stage clocked shift operation
Synchronous parallel entry on all 4 stages
JK inputs on first stage

Asynchronous True/Complement control on
all outputs

Reset control

® Static flip-flop operation; master/slave config-
uration

® Buffered outputs
| Low-power dissipation

3.0V to 15V

5.0uW typ (ceramic)

® High speed to 5.0 MHz
When the True/Complement control is ‘high,” the
True contents of the register are available at the applications
output terminals. When the True/Complement con- - .
trol is “low,” the outputs are the complements - Automotive
of the data in the register. The True/Complement - Datav terminals
control functions asynchronously with respect to = Instrumentation
the clock signal. ® Medical electronics ¢
= . . . . . ® Alarm systems
JK input logic is provided on the first stage serial - 'y
input to minimize logic requirements particularly Industrial °°"fr°|s
in counting and sequence-generation applications. ® Remote metering
With JK inputs connected together, the first stage ® Computers R
logic diagram
PARALLEL
INPUYQ—I '§%0 PIT-J"
PARALLEL 7 N
SERIAL - . _
CONTROL (P/S) Vv L !
. 6
. - 1
3 o——ry, ! .
T6 o Q
3 1
R ]
a
CI.I'II:K‘ {>C
RESET & So—>-
TRUE/COMPL. 2 :{) .
(r/c) L l-_b

P/$ = 0 = serial mode
T/C =1 = true outpiits
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absolute maximum ratings

‘Voltage at Any Pin (Note 1)
Operating Temperature Range

Vs — 0.3V to Vgg + 15.5V

DGE0YAD/WSE0YAD

O o
CD4035M —-55°Cto+125°C
o o
CD4035C —40°Cto+85°C
o o
Storage Temperature Range —65 Cto+150°C
Package Dissipation 500 mW
Operating Vpp Range Vgs + 3.0V to Vgg + 15V
. (<}
Lead Temperature (Soldering, 10 seconds) 300°C
dc electrical characteristics cp403sm
LIMITS
PARAMETER CONDITIONS -55°C 25°C 125°C UNITS
MIN TYP MAX MIN TYP MAX MIN TYP MAX
Quiescent Device Vpp =5.0V 50 03 5.0 300 uA
Current (1) Vpp = 10V 10 05 10 600 A
Quiescent Device Dissi- Voo =5.0V 25 15 25 1500 | ww
pation Package (Pp) Voo = 10V 100 5.0 100 6,000 | ww
Output Voltage Low Vpp =5.0V 0.01 0 0.01 0.05 v
Level (Vo) Voo = 10V 0.01 0 0.01 0.05 v
Output Voltage High Vpp =5.0V 4.99 499 50 4.95 v
Level (Von) Vpp = 10V 9.99 9.99 10 9.95 v
Noise Immunity Vo =0.8V, Vpp = 5.0V 1.5 1.5 225 14 \
(Vyi) (Al Inputs) Vo = 1.0V, Vpp = 10V 30 30 45 29 v
Noise Immunity Vo =4.2V, Vpp = 5.0V 1.4 15 225 15 Vv
(Vi) (Al Inputs) Vo = 9.0V, Vpp = 10V 29 30 45 30 v
Output Drive Current Vo = 0.5V, Vpp = 5.0V 0.62 0.50 1.0 0.35 mA
N-Channel (IN) Vo =05V, Vpp = 10V 155 125 25 087 mA
Output Drive Current Vo =45V, Vpp =50V | =031 -025 | -05 -0.17 mA
P-Channel (5P} Vo =955V, Vpp = 10V -081 -065 | -13 -0.45 mA
Input Current (1) 10 pA
dc electrical characteristics cp4o3sc
LIMITS
PARAMETER CONDITIONS -40°C 25°C 85°C UNITS
MIN TYP MAX MIN TVYP MAX MIN TYP MAX
Quiescent Device Vpp =5.0V 50 05 50 700 MA
Current (1) Vpp =10V 100 10 100 1,400 | pA
Quiescent Device Dissi- Vop =5.0V 250 26 250 3500 | uw
pation Package (Pp) Voo =10V 1,000 10 1,000 14,000 | ww
Output Voltage Low Vpp =5.0V 0.01 0 0.01 0.05 \
Level (Vo) Voo = 10V 0.01 0 0.01 005 v
Output Voltage High Vpp =5.0V 4.99 4.99 50 4.95 v
Level (Vou) Vpp = 10V 9.99 9.99 10 9.95 v
Noise Immunity Vo =08V, Vpp = 5.0V 15 15 2.25 14 v
(Vo) (Al Inputs) Vo= 1.0V, Vpp = 10V 30 30 45 29 v
Notse Immunity Vo =42V, Vpp =5.0V 1.4 15 225 15 v
(V) ATl Inputs) Vo =9.0V, Vpp = 10V 29 30 45 30 v
Output Drive Current Vo =05V, Vpp =5.0V 043 0.35 10 0.24 mA
N-Channel {15 N) Vo =055V, Vpp = 10V 1.05 0.85 2.5 0.59 mA
Output Drive Current Vo =45V, Vpp = 5.0V -02 -0.18 | -05 -0.12 mA
P-Channel (15P) Vo =95V, Vpp = 10V -056 -045 | 031 -0.31 mA
Input Current (I,) 10 pA

Note 1: This device should not be connected

permanent damage.

to circuits with the power on because high transient voltages may cause
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CD4035M/CD4035C

ac electrical characteristics. cp4o3sm
’ atTp = 25°C and C_ = 15 pF. Typical Temperature Coefficient for all values of Vpp = 0.3%/°C.
PARAMETER CONDITIONS LIWITS - . UNITS
MIN TYP MAX :
CLOCKED OPERATION
Propagation Delay Time (tp ) Vpp =5.0V 250 : 500 . ns
Propagation Delay Time (tpyy) Vpp =10V 100 200 ns
. Transition Time (tyy,) Vpp =5.0V 100 200 ! ns.
Transition Time (tr_y) Vpp =10V 50 ° 100 S s
Minimum Clock Pulse Duration (ty) Vpp =5.0v 200 335 . ns
Minimum Clock Pulse Duration (tyy) Vpp = 10V 100 165 ns
Clock Rise and Fall Time (t,c)” Vpp =5.0V 15 . 15 us
Clock Rise and Fall Time (t¢c, ) Vpp = 10V ) 5.0 ) 5.0 us |
JK Lines Setup Time Vpp =5.0V 250 500 ns
' . . - Vpp =10V 100 200 ns
Parallel-In Lines Setup Time Vpp =5.0v ’ 100 350 ns
Vpp = 10V 50 80 . ns
Maximum Clock Frequency (fc, ) Vpp =5.0V 15 25 ~ MHz
Vpp = 10V 3.0 5.0 MHz
Input Capacitance (C,) Any Input 5.0 pF
RESET OPERATION
Propagation Delay Time (tpy ) Vpp = 5.0V 250 . 500 ns
Propagation Delay Time (tp_ ) Vpp = 10V : ) 100 200 ns
Minimum Reset Pulse Duration {ty_} - Vpp =5.0V » 200 _ 400 ns
Minimum Reset Pulse Duration (tyy) ’ Vpp = 10V 100 175 e ns -
ac electrical characteristics cpaossc
PARAMETER CdNDIfIONS LIMITS UNITS
MIN v | max
CLOCKED OPERATION
Propagation Delay Time (tpi ) Vpp =5.0V 250 . 700 ns
Propagation Delay Time (tpy ) Vpp =10V ‘ 100 300 ns
Transition Time (trp.) Vpp = 5.0V 100 300 ns
Transition Time (tryn) Vpp = 10V 50 150 ns
Mini‘mum Clock Pulse Duration (tw;_) Vpp =5.0V 200 500 ns .
Minimum Clock Pulse Duration (tws) Voo = 10V 100 250 ns
Clock Rise and Fall Time (t,c.)* Voo =50V 15 T us
Clock Rise and Fall Time (tsc) Vpp = 10V 5.0 ) 5.0 Hs
JK Lines Setup Time Vop = 5.0V 250 750 ns
JK Lines Setup Time ~ Vopp =10V . . 100 250 ns
Parallel-In Lines Setup Time Vop =5.0V : ) . 100 500 ns
Vpp = 10V 50 100 ns
Maximum Clock Frequency (fgL ) Vpp =5.0V 1.0° 25 ) MHz
Vpp =10V . 20 5.0 MHz
Input Capacitance (C;) ’ Any Input 5.0 pF
RESET OPERATION
Propagation Delay Time (tpp ) ) Voo = 5.0V o . 250 - 700 ns
Propagation Delay Time (tp_ 1) Vpp = 10V 100 300 s ns
Minimum Reset Puise Duration (ty, ) Vpp =5.0V 200 500 ns
Minimum Reset Pulse Duration (ty) Vpp = 10V 100 200 ns
*1f more than one unit is cascaded t,CL should be made less than or equal to the sum of the fixed propagation delay time at
15 pF and the transition time of the output driving stage for the estimated capacitive load.
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connection diagram

TRUE/COMPLEMENT OUTPUTS

PARALLEL INPUTS

Vop 0202 Q303 Q4d8 P, Ply Py Pl
16 15 1 13 12 1 10 ls
4-STAGE REGISTER
1 B 3 1 5 5 7 ‘u
@ e 4 RESET CLOCK  P/S Vs
TRUE/COMPLEMENT SERIAL
ouTPUT INPUTS
~

truth table

o thy (INPUTS) 1o (OUTPUTS)
] K R Q.1 Q,
va 0 x 0 0 0
va 1 X 0 0 '
va X 0 0 ' 0
o e e e | e
va X [ 0 | |
N X X 0 Q4 Qa4
X x| x [ X 0
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CD4040M/CD4040C

NS

‘general description

The - CD4040M/CD4040C is a -12-stage -ripple-carry
binary counter. Buffered outputs from each stage are
externally available. The counter is reset to its logical
0" state by a logical “1” on the reset input. The
counter is advanced one count on the negative transition
of each clock pulse.

features

= Wide supply voltage range 3.0V to 15V

® High noise immunity 0.45 Vc typ

® Medium speed operation - 10.0 MHz typ
with Vpp = 10V

' CD4040M/CD4040C’ 12-stage ripple-carry binary couhter/divider

m | ow power

= Fully static.operation

applications

= Automotive

® [nstrumentation

® Medical electronics
® Alarm systems

® Industrial electronics

® Remote metering

logic diagram

Stage 1 of 12 Binary Stages

CLOCK 3

e

NEXT STAGE

O 01
l INPUT TO
—o0 01

%
]

i . )
——Do———»m BUFFERED OUT

RESET T0
RESET—W — ALL STACSS
connection diagram switching time waveforms
BUFFERED

ouT BUFFERED
,———_ﬂ\—_ﬁ out VDD
Voo Qi 010 a8 Q9 RESET CLOCK Q1 cLock
16 15 |14 13 12 1 10 Is 0
Voo
o
]
Voo
o
0
Voo
a2
]

1 2 3 4 5 6 7 ]n
vV,
a12 [ as (Y] [ a3 (Y] Ves - o
s @
BUFFERED . . . 0

out )
TOP VIEW
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absolute maximum

Voltage at Any Pin

Operating Temperature Range

CD4040M
CD4040C

Storage Temperature Range
Package Dissipation
Operating Vpp Range

ratings

Vgs —0.3V to Vpp +0.3V

-55°C to +125°C
—-40°C to +85°C
—65°C to +150°C
500 mW

Vgs +3.0V to Vgg +15V

Lead Temperature (Soldering, 10 seconds) 300°C
dc electrical characteristics cpaodom
LIMITS
- PARAMETER CONDITIONS -55°C 25°C 125°C UNITS.
' MIN TYP MAX MIN TYP MAX MIN TYP MAX
Quiescent Device - Vpp = 5.0V 15 05’ 15 900 A
Current (1) R Vpp = 10V 25 1.0 25 1500 HA
Quiescent Device Dissi- | Vpp =5.0V 75 25 75 4500 uwW
pation/Package (P ) Vpp = 10V 250 10 250 15000 uW
Qutput Voltage Low Vpp = 5.0V 0.01 0 0.01 0.05 Y
Level (Vo) Vpp =10V 0.01 0 0.01 0.05 \
Output Voltage High Vpp = 5.0V 4.99 4.99 5.0 4.95 \
Level (Vo) Vpop = 10V 9.99 9.99 10 9.95 \
Noise Immunity Vpp =5.0V, Vg = 0.8V 1.5 1.5 2.25 1.4 \Y
(Vi) (All Inputs) Vpp = 10V, Vg = 1.0V 3.0 3.0 45 29 v
Noise Immunity Vpp =5.0V, Vg =42V 1.4 15 2.25 1.5 \%
(Van) (All Inputs) Vgp =10V, ¥o =9.0V ° 2.9 3.0 45 3.0 \Y
Output Drive Current Vpp = 5.0V, Vg = 0.5V 0.22 0.18 0.55 0.125 mA
N-Channel (I5N) Vpp =10V, Vg =0.5V 0.44 0.36 1.1 0.25 mA
Output Drive Current Vpp =5.0V, Vg = 4.5V —0.15 -0.125 -0.35 -0.085 mA
P-Channel (15P) Vpp =10V, Vg =9.5V 0.3 -0.25 0.7 -0.175 mA
Input Current (1) Any Input 10 pA
dc electrical characteristics cpa4o4oc
- \ LIMITS
PARAMETER - CONDITIONS ~40°C 25°C 85°C UNITS
MIN TYP MAX NMIN TYP MAX MIN TYP MAX

Quiescent Device Vpp = 5.0V 50 1.0 50 700 HA
Current (1, ) Vpp =10V 100 20 100 1400 MA
Quiescent Device Dissi- | Vpp =5.0V 250 5.0 250 3500 uW
pation/Package (Pp) Vpp = 10V 1000 20 1000 14000 uW
Output Voltage Low Vop = 5.0V. 0.01 0 0.01 0.05 v
Level (Vo ) Vpp = 10V 0.01 0 0.01 0.05 \
Output Voltage High Vpp = 5.0V 4.99 4.99 5 4.95 A
Level (Vo) Vpp = 10V 9.99 9.99 10 9.95 v
Noise Immunity Vpp = 5.0V, Vo = 0.8V 1.5 1.5 2.25 1.4 \
(Vo) (All Inputs) “Vpp = 10V, Vo = 1.0V 3.0 3 45 29 \
Noise Immunity Vpp = 5.0V, Vg = 4.2V 1.4 1.5 2.25 15 Vv
(V) (All Inputs) Vpp =10V, Vg = 9.0V 29 3.0 45 3.0 \
Output Drive Current Vpp = 5.0V, Vg = 0.5V 0.21 0.18 0.55 0.15 mA
N-Channel (15 N) Vpp =10V, V5 =0.5V 0.42 0.36 1.1 03 mA
Output Drive Current Vpp = 5.0V, Vg = 4.5V —0.145 -0.125 —0.35 0.1 mA
P-Channel (15P) Vpp = 10V, Vg =9.5V —0.29 -0.25 0.7 0.2 mA
Input Current, (1,) . Any Input 10 PA
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CD4040M/CD4040C

ac electrical characteristics cpao4om T, =25°C, C_ = 15 pF, and input rise and fall tirries = 20 ns
except t,cp, tqcL.  Typical Temperature Coefficient (for all values of Vpp) = 0.3%/°C.

, ’ LIMITS :
PARAMETER CONDITIONS - UNITS
‘ o MIN ] TYP ] MAX
CLOCKED OPERATION ,
Propagation Delay Time (tpy, = tpy 1) Vpp = 5.0V 220 900 ns
(Note 1) Vpp = 10V 80 450 ns
Transition Time (try, = triy) Vpp = 5.0V 120 300 ns
‘ Vop = 10V 60 150. ns
Minimum Clock Pulse Width (tw = twn) Vpp = 5.0V 150 400 ns
Vpp = 10V 50 110 ns
- Clock Rise and Fall Time (t,ci = ticL )" Vpp = 5.0V 15 s
Vpp = 10V 75 us
Maximum Clock Frequency (fe ) Vpp = 5.0V 1.5 3.0 MHz
Vpp = 10V 4.0 10 MHz
Input Capacitance (C,) Any Input 50" pF
RESET OPERATION
Propagation Delay Tirpe (teHL(r)) Voo = 5.0V 350 1000 ns
Vpp = 10V 150 500 ns
Minimum Reset Pulse Width (tyu(R)) Vpp = 5.0V- 350 1000 ns
: Vpp = 10V 150 500 ns
ac electrical characteristics cp4odoc Ta =25°C, C_ = 15 pF, and input rise and fall times = 20 ns
except t,c, , tec - Typical Temperature Coefficient (for all values of Vpp) = 0.3%/°C.
‘ ) ) LIMITS -
PARAMETER CONDITIONS UNITS
MIN | TYP | - MAX o
CLOCKED OPERATION
Propagation Delay Time (tpy = tp ) ‘ VbD = 5.0V 220 960 ns
(Note 1) Vpp = 10V 80 475 - ns
Transition Time (tty, = ttin) Vpp = 5.0V . 120 350 ns
Vpp = 10V 60 175 ns
Minimum Clock Pulse Width (ty = twy) Vpp = 5.0V 150 500 ns
: . Vpp = 10V 50 125 ns
Clock Rise and Fall Time (t,c = ticp) Vpp = 5.0V 15 us
Vop = 10V’ 75 us
Maximum Clock Frequency (feo ) Vpp = 5.0V 1.0 3.0 MHz
Vpp = 10V. 3.25 10 MHz
Input Capacitance (C,) . Any Input 5.0 pF
RESET OPERATION
“Propagation Delay Time (tepy (r)) ‘Vpp = 5.0V 350 | "1250 ns
Vpp = 10V 150 600 . ns
Minimum Reset Pulse Width (twn(r)) Vpp = 5.0V 350 1250 ns
. Vpp = 10V 150 . 600 ns
Note 1: Measured from clock to Q1, 0r Q;t0 Qj 4 1.1 ='1,...,11.
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CD4042M/CD4042C quad clocked D latch

general description

The CD4042M/CD4042C quad clocked ‘D" latch is
a monolithic complementary MOS (CMOS) integrated
circuit constructed with P and N-channel enhancement
mode transistors. The outputs Q and Q either latch or
follow the data input depending on the clock level
which is programmed by the polarity input. For polarity
= 0; the information present at the data input is trans-

negative for polarity = 1) the information present at
the input during the clock transition is retained at the
outputs until an opposite clock transition occurs.

features

ferred to Q and Q during O clock level; and for polarity . W.ide sq?ply vo|tage range 3.0V to 15V
= 1 the transfer occurs during the 1 clock level. When ™ High noise immunity 0.45 Ve typ
a clock transition occurs (positive for polarity = 0 and ® Clock polarity control
connection diagram and truth table
Voo i) D4 D3 3 a3 a2 az
16 15 1 13 12 11 10 9
CLOCK POLARITY Q
o 0 D
I 0 Latch
1 1 D
- 1 Latch
1 2 3 4 5 6 7 Is
a4 (Y] a DI CLOCK POLARITY D2 Vs
TOP VIEW

logic diagrams

POLARITY —-Do—

ctock—-DO-—1

LTI
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CD4042M/CD4042C

Voltage at Any Pin

CD4042M
CD4042C"

Package Dissipation

absolute maximum

Operating Vpp Range
Lead Temperature (Soldering, 10 seconds)

ratings (Note1)

Vgs — 0.3V to Vpp + 0.3V

Operating Temperature Range

Storage Temperature Range

—55°C to +125°C

—40°C to +85°C
—65°C to +150°C
500 mW.
Vgg + 3.0V to Vgg + 15V
300°C

dc electrical characteristics cpao42m
| ‘

LIMITS
PARAMETERS CONDITIONS -55°C 25°C 125°C UNITS
MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX
Quiescent Device ' Vpp =5V 1 0.005| 1 60 HA
Current (1) Vpp =10V 2 0.005| 2 120 HA
Quiescent Device Dissi- | Vpp =5V 5 0.025| 5 300 uw
pation/Package (Pp ). Vpp = 10V 20 0.05 20 . 1200 uW
Output Voltage Low Vpp =5V 0.01 0 0.01 0.05 \
Level (Vo) Vpp = 10V 0.01 0 0.01 0.05 \
Output Voltage High Voo =5V 4.99 499 | 5 4.95 v
Level (Vou) Vpp = 10V 9.99 9.99 [ 10 9.95 \Y
Noise Immunity (All Vpp =5V, Vo =095V| 1.5 1.5 2.25 1.4 A"
Inputs) (V) Vpp =10V, Vo =29V | 3 3 45 2.9 "
Noise Immunity (All Vpp =5V, Vo =3.6V 1.4 1.5 2.25 1.5 \Y
Inputs) (Vu) Vpp =10V, Vo =72V | 29 3 45 3 \
Output Drive Current Vpp =5V 0.5 0.4 1 0.27 mA
N-Channel (I5N) Voo = 10V 1.25 1 2 0.7 mA
Output Device Current | Vpp =5 -0.45 -0.35 | -1 -0.25 mA
P-Channel (I5P) Vpp = 10V -1.15 09 |2 —0.6 mA
Input Current (1) 10 pA
dc electrical characteristics cpao42c
LIMITS
PARAMETERS CONDITIONS -40°C 25°C 85°C UNITS
MIN TYP MAX MIN | TYP MAX MIN TYP MAX
Quiescent Device Vpp =5V 10 0.01 | 10 140 MA
Current (1) Vpp = 10V 20 0.02 | 20 280 HA
Quiescent Device Dissi- | Vpp =5V 50 0.05 | 50 700 uw
pation/Package (Pp) Vpp = 10V 200 0.2 200 2800 i
Output Voltage Low Vpp =5V 0.01 0 0.01 0.05 \
Level (Vo) Vpp = 10V - 0.01 0 0.01 0.05 %
Output Voltage High Vpp =5V 4.99 4.99 5 4.95 \
Level (Vo) Vpp = 10V 9.99 9.99 10 9.95 \"
Noise Immunity (All Vpp =5V, Vo =095Vv| 1.5 15 2.25 1.4 \
Inputs) (V) Vop =10V, V5 =29V | 3 i 3 45 2.9 \Y%
Noise Immunity (All Vpp =5V, Vo =36V 1.4 1.5 2.25 1.5 v
Inputs) (Vu) Vpp =10V, Vo =72V | 29 3 4.5 3 Vv
Output Drive Current | Vpp = 5V 0.24 0.2 1 0.18 mA
N-Channel (15 N) Vpp = 10V 0.6 0.5 2 0.45 mA
Output Drive Current Vpp =5V -0.2 —0.175{ 1 -0.15 mA
P-Channel (IoP) Vpp = 10V -0.34 045 | -2 0.4 mA
Input Current (l,) 10 pA
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ac electrical characteristics cbso42m

LIMITS
PARAMETERS CONDITIONS UNITS
MIN TYP MAX

Propagation Delay Time (tpy, tep ) Vpp =5V 150 300 ns

Vpp = 10V 75 125 ns

Transition Time (tryy, tron) Vpp =5V 100 200 ns

Vpp = 10V 50 100 ns

Minimum Clock Pulse Width (ty , twn) Vpp =5V 175 250 ns

Vpp = 10V 50 75- ns

Clock Rise Time (t,c ) or Clock Fall Time Vpp = 5Y 15 us

(tecL) Vpp = 10V ; 5 Ms

Set-up Time Vpp =5V 50 100 ns

. Vpp = 10V 25 50 ns

Input Capacitance (C,) (Note 2) Any Input 5 pF
ac electrical characteristics cpso42c

LIMITS
PARAMETERS CONDITIONS UNITS
. MIN TYP MAX

Propagation Delay Time (tpy,, tprp) Vpp =5V 150 400 ns

Vpp = 10V 75 200 ns

Transition Time (tyy, tren) Vpp =5V 100 300 ns

Vpp = 10V 50 150 ns

Minimum Clock Pulse Width (ty, , twn) Vpp =5V 175 . 350 ns

Vpp = 10V 50 175 ns

Clock Rise Time (t,c) or Clock Fall Time Vpp = 5V 15 Ms

(tecr) Vpp = 10V 5 us

Set-up Time Vpp = 5V 50 125 ns

Vpp = 10V 25 60 ns

Input Capacitance (C,) (Note 2) Any Input 5 pF

Note 1: ““Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ““Operating
Temperature Range’’ they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics’ pro-

vides conditions for actual device operation.
Note 2: Capacitance is guaranteed by periodic testing.
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CD4049M/CD4049C, CD4050M/CD4050C

NI

CD4049M/CD4049C, CD4050M/CD4050C

hex buffers

general déscription

These hex buffers are monolithic complementary
MOS (CMOS) integrated circuits constructed with
N- and P-Channel enhancement mode transistors.
These devices feature logic-level conversion using
only one supply voltage (V). The input-signal

- high level (V) can exceed the V¢ supply voltage

when these devices are used for logic-level conver-
sions. These devices are intended for use as hex
buffers, CMOS to DTL/TTL converters, or as
CMOS current drivers, and they can drive directly
two DTL/TTL loads.

features
® Wide supply voltage range 3.0V to 15V
® High noise immunity 0.45 Ve typ -

® Low power 100 nW typ

® Directdrive to 2TTL loads at 5.0V, V¢ = 5.0V,
Voo <04V, Ipy 23.0mA

® High source and sink current\\capability

applications

® CMOS hex inverter

® CMOS to DT?../T TL hex converter

® CMOS current “Sink"’ or ““Source” driver

® CMOS high-to-low logic-level converter

schematic diagrams

Vee

(a) Schematic Diagram of CD4049M, 1 of 6 Identical Units

connection diagrams

CD4049M/CD4043C
=F F NC K=E E =0 0

16 IIS 14 In IIZ 1 10 9

3 4 5 6 7 8

2
=R A H=B 8 1=T Vss
TOP VIEW

(b) Schematic Diagram of CD4050M, 1 of 6 Identical Units

CD4050M/CD4050C
NG L=F  F NC  K=E 3 0. D
Ivs 15 L] LE] 12 1 10 9

3

l| Iz 3 1 5 In 7 It
Vee G=A A H=B B 1=C c Vss
TOP VIEW




absolute maximum ratings (Note 1)

Voltage at Any Pin

Vgs — 0.3V to Vgg + 15.5V

Operating Temperature Range

CD40XXM
CD40XXC

. —55°C to +125°C
—40°C to +85°C

Storage Temperaturé Range

Package Dissipation
Operating Vpp Range

Lead Temperature (Soldering, 10 seconds)

dc electrical characteristics cpa4oaac, cpaosoc

—65°C to +150°C

500 mW

Vgs + 3.0V to Vgg + 15V
300°C

LIMITS
PARAMETER CONDITIONS -40°C 25°C 85°C UNITS
' MIN [ TYP | MAX | MIN | TYP | MAX| MIN | TYP | MAX
Quiescent Device Vee = 5.0V, Vi = Ve 3.0 0.03 3.0 42 LA
Current (I} Vee =10V, Vi = Ve 5.0 0.05 5.0 70 HA
Quiescent Device Dissi- | Vee =5.0V, Vi = Ve 15 0.15 15 210 W
pation Package (Pp) Vee = 10V, Vi = Vee 50 0.5 50 700 HW
Output Voltage Low Vee = 5.0V 0.01 o 0.01 0.05 \
Level (Vo) Ve = 10V 0.01 1o 0.01 0.05 v
Output Voltage High Vee = 6.0V 4.99 499 | 5.0 4.95 v
Level (Vou) Ve = 10V 9.99 999 | 10 9.95 Y
“Noise tmmunity (Vi) | Vee = 5.0V, Vou = 3.6V 1.0 1.0 225 0.9 Vv
(All Inputs) CD4049M | Ve = 10V, Vo = 7.2V | 2.0 2.0 45 1.9 v
Noise Immunity (V) | Vee = 5.0V, Vo =095V | 1.5 1.5 2.25 14 \Y
(All Inputs) CD4050M | Ve =10V, Vo =29V | 3.0 3.0 45 2.9 \Y
Noise Immunity (Vyy) | Vee = 10V, Vo = 7.2V 29 3.0 4.5 3.0 \%
(All Inputs) CD40EOM | Ve = 5.0V, Vou =36V | 1.4 1.5 2.25 15 v
Noise Immunity (Vyu) | Vee = 10V, Vo =29V | 2.9 3.0 45 3.0 \
(All Inputs) CD4049M | Ve = 5.0V, Vo =0.95V| 1.4 1.5 2.25 1.5 v
) Vee = 4.5V, Vg = 0.4V 3.1 2.6 5.2 2.1 mA
zf‘é:“;r?'l"(’f ‘i;‘)"e"‘ Vee =50V, Vo =04V | 36 30 | 60 25 mA
annel o Vee =10V, Vo =05V | 96 80 | 16 6.6 mA
) Vee =5.0V, Vo =45V |06 -05 | 1.0 0.4 mA
g‘g:“{:nol' '("f g;‘"e"' Voo =50V, Vo =25V |-1.5 -125 | -25 -10 mA
annel to Vee =10V, Vo =95V |-1.6 125 | -25 -1.0 mA
Input Current (1) Vin = Vee 10 pA
dc electrical characteristics cD4049M, CD4050M
LIMITS
PARAMETER CONDITIONS -55°C 25°C 125°C UNITS
MIN | TYP | MAX | MIN [ TYP | MAX| MIN | TYP | MAX
Quiescent Device Vee =5.0V, Viy = Ve 0.3 0.01 0.3 20 ;.(A
Current (1) Vee = 10V, Vi = Vee 05 001 | 05 30 HA
Quiescent Device Dissi- | Vge = 5.0V, V,y = Ve 15 0.05 15 100 uw
pation Package (Pp) Vee =10V, Vi = Vee 5.0 0.1 6.0 300 uw
Output Voltage Low Vee = 5.0V 0.01 0 0.01 0.05 \2
Level (Vo) "Vee = 10V 0.01 0 0.01 0.05 \Y
Output Voltage High Vee = 5.0V 4.99 4.99 5.0 4.95 \
Level (Vou) Vee = 10V 9.99 9.99 | 10 9.95 v
Noise Immunity (V) | Vee = 5.0V, Vo =36V | 1.0 1.0 2.25 0.9 v
(All Inputs) CD4049M | Ve = 10V, Vo =7.2V | 2.0 2.0 4.5 1.9 \
Noise Immunity (V) | Vee = 5.0V, Vo =0.95V| 1.5 1.5 2.25 14 Y
(All Inputs) CD4050M | Ve = 10V, Vo =29V | 3.0 3.0 45 2.9 v
Noise Immunity (Vyp) | Ve =10V, Vo = 7.2V | 2.9 3.0 45 3.0 Y
(All Inputs) CD4050M | Ve = 5.0V, Vo = 3.6V | 1.4 1.5 2.25 15 \
Noise Immunity (V) | Ve = 10V, Vo = 2.9V 29 3.0 4.5 3.0 \Z
(All Inputs) CD4049M | Vce = 5.0V, Vo =0.95V| 1.4 1.5 2.25 1.5 \Y
. Vee = 4.5V, Vg = 0.4V 33 26 5.2 1.8 mA
g“é.‘:::::':f Ch;‘)’ M| Voo =50V, Vo =04V | 375 30 | 60 21 mA
° Vee = 10V, Vo = 0.5V 10 8.0 16 5.6 mA
. Vee = 6.0V, Vo =45V | -0.62 -05 | -1.0 -0.35 mA
2‘&‘}:’:"‘"2; '("Ie (;')’"e"‘ Voo =50V, Vo =25V |-1.85 -1.25 | -25 -0.9 mA
° Vee =10V, Vo =95V | -1.85 -1.25 | -2.5 -0.9 mA
input Current (I;) Viu = Vee 10 PA

Note 1: ‘““Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot be guaranteed.

Except for ““Operating Range’’ they are not meant to imply that the devices should be operated at these limits.  The

table of “Electrical Characteristics’’ provides conditions for actual device operation.
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CD4049M/CD4049C, CD4050M/CD4050C

ac electrical characteristics cD4050M/CD4050C

Ta = 25°C, C,_ = 15 pF, and input rise and fall times = 20 ns. Typical Temperature Coefficient for all
L

values of Vg = 0.3%/°C.

, . LIMITS
PARAMETER CONDITIONS i UNITS
MIN TYP MAX
Propagation Delay Time High-to- Vee =5.0V, Vi, = Vee 55 110 ns
Low Level (tpy ) Vee =10V, Vi = Vee 25 55 ns
Propagation Delay Time Low-to- Vee =5.0V, Viy = Vcc 20 140 ns
High Level (tp, 1) =10V,'V |y = Vee 40 85 ns
Transition Time High-to-Low Vee = S.OV, Vi = Vee l 20 45 ns
Level (tyy,) c =10V, Vi = Ve 16 40 ns
Transition Time Low-to-High Vee =5.0V, Viy = Vee 50 100 ns
Level (ty. ) c =10V, Vi = Vce 30 60 ns
Input Capacitance (C,) ‘Any Input 5.0 pF
ac electrical charactenstlcs CD4049M/CD4049C
Ta = 25°C, CL =16 pF, and input rise and fall times = 20 ns. Typical Temperature Coefﬁment for all
values of Ve = 0.3%/°C.
LIMITS
PARAMETER CONDITIONS - UNITS
: MIN TYP MAX
Propagation Delay Time High-to- Vee =50V, Vi =Vee 15 55 ns
Low Level (tpy ) Vee =10V, Viy = Vee 10 30 . ns
Propagation Delay Time Low-to- Vee =5.0V, Vi = Ve 50 80 ns
High Level (tp_y) Vee =10V, Viy = Vee 25 55 ns
"Transition Time High-to-Low Vee =5.0V, Viy = Ve 20 45 ns
Level (tyy) Vee = 10V, Viy = Vee 16 40 ns
Transition Time Low-to-High Vee =5.0V, Vy = Vee 50 100 ns
Level (t+ ) c =10V, Viy =Vce 30 60 ns
Input Capacitance (C,) Any Input 5.0 ' pF
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CD4066M/CD4066C quad bilateral switch .

general description

The CD4066M/CD4066C is a quad bilateral switch
intended for the transmission or multiplexing of analog
or digital signals. It is pin-for-pin compatible with
CD4016M/CD4016C, but has a much lower ON resis-
tance, and ON resistance is relatively constant over the
input-signal range.

features

® Wide supply voltage range 3V to 15V

® High noise immunity 0.45 Vpp typ

® Wide range of digital and 17.5Vpeak
analog switching

® ON resistance for 15V operation 8012 typ

®m Matched ON resistance over 15V 5Q

signal input

® ON resistance flat over peak-to-peak signal range
® High ON/OFF output voltage ratio 65 dB typ
@ fis = 10 kHz,
R_ =10k
<0.5% distortion typ
@ f,, =1 kHz,
Vis = 6V(p-p),
Vpp — Vgg = 10V,
RL =10kQ

® High degree of linearity

Extremely low OFF switch leakage 10 pA typ

®Vpp — Vss = 10V,

Ta =25°C

Extremely high control input 10"2Q typ
impedance

Low crosstalk between switches —50 dB typ

@ fg =0.9 MHz,

. R =1kQ

Frequency response, switch ON 40 MHz typ

applications

Analog signal switching/multiplexing
® Signal gating

® Squelch control

® Chopper

® Modulator/Demodulator
® Commutating switch

' Digital signal switching/multiplexing

CMOS logic implementation

Analog to digital/digital to analog conversion

Digital control of frequency, impedance, phase, and
analog-signal gain

schematic and connection diagrams

1 of 4 Bilateral Switches

Vis
INPUT A—“ 1 vee
1 s outeuT AL LS conta
4 3 12
i H 1 0UTPUT B ED = conto
P ¥ v INPUT B = H. L input 0
" 3—._ - conrs 2 LEF L0 gumpuro
T cont e < . outputc
a Vgs L8 weutc
Vss
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CD4066M/CD4066C

absolute maximum ratings

Voltage at Any Pin (Note 1) Vgg —0.3V to Vgg +15.5V

Operating Temperature Range

Lead Temperature (Soldering, 10 seconds)

CD4066M -55°C to +125°C

CD4066C —40°C to +85°C -
Storage Temperature Range —65°C to +150°C
Package Dissipation 500 mW
Operating Vpp Range Vgs +3V to Vgg +15V

300°C

electrical characteristics cbaossc

. LIMITS
CHARACTERISTIC sYmBoOL TEST CONDITIONS -40°C 25°C 85°C UNITS
MIN | TYP MAX | MIN | TYP | MAX | MIN | TYP | MAX
Quiescent Dissipation VOLTS
per Package TERMINALS APPLIED
Voo 14 +10
All Switches OFF Vss 7 GND
Ve 5,6,12,13 GND 50 0.1 50 300 uw
Vis 1,4,8 11 <+10
Vos 2,3,9,10 <+10
Py -
VOLTS
TERMINALS APPLIED
Voo 14 +10
All Switches ON Ves 7 GND 50 0.1 50 300 uw
Ve 5,6,12,13 +10
Vis = Vos 1-4,8-11 <+10
(Thru
10052)
SIGNAL INPUTS (Vi) AND OUTPUTS (V)
Ve=Vop Vss Vis -
+7.5V  -7.5V -7.51t0 +7.5V 80 250 80 280 130 | 300 Q
+15V OV OVto15V
) _ +5V -5V -5V 1045V
ON Resistance Ron Ry =10k 10V OV OVio10V 100 | 450 120 500 170 | 520 Q
+25V  -2.5V -2.5t0 +25V
5V OV OVioBV 190 | 3500 270 5000 330 |.5200 Q
+75V  -75V -75tc +75V 5 Q
AON Resistance Between A _ Q +15V 0V 0V to 15V
Any 2 of 4 Switches Ron R =10k 6V BV -5V to+5V
#10V OV OVto 10V 10 @
Sine Wave Response R_=10kQ2  +5V -5V 5V(p-p) 04 9
(Distortion) f=1kHz (Note 3) e ?
Ve=Vss Voo Vis
=7.5V 475V +75V
Input or Output -7.5V +75V -7.5V 100 201 100 . 200 nA
Leakage—Switch OFF (Note 2) .
(Effective OFF -5V +6V 45V +100 +0.05| +100 +200 nA
Resistance) “5V 45V -5V :
(Note 2)
V¢ = Vpp = +5V, Vgg = -5V
Frequency Response— B v
Switch ON (Sine Wave SL - ;\;ﬂ ) 20 Logio —>--34d8 40 MHz
Input) * L Vis
Vpp = +5V, V¢ = Vgg = -5V
Feedthrough Switch Vos - A
OFF 20 Logg V_,s 50 dB 1.25 MHz
Vc(A) = Vpp = +6V
Crosstalk Between Any 2 R =1k Vc(B) = Vgg =5V
of the 4 Switches Vs(A) = V..(8) . 0.9 MHz
(Frequency at —50 dB) 5V (p-p) 20 Logyg —— =50 dB
Vis(A)
Capacitance
Input Cis Vpp = +5V, V¢ = Vgg = —5V 8 pF
Output Cos Vpp = #BV, V¢ = Vgg = -5V 8 pF
Feedthrough Cios Vpp =BV, V¢ = Vgg = -5V 05 °* pF
Propagation Delay Ve =Vpp =+10V, Vg5 =GND, C_ = 15pF s
Signal Input to Signal toa Vis = 10V (square wave) 10 ns
Output t, = t¢ = 20 ns (input signal)
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electrical characteristics cD4066C Continued

‘ LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS -40°C 25°C 85°C UNITS
MIN TYP MAX | MIN TYP MAX MIN TYP MAX
CONTROL (V)
V - Vgg = 10V
Noise Immunit \Y Vis <V oo 'ss 2 2 | 45 2 \Y
ol unity NL is> Voo I = 10A
Vpp ~ Vss = 10V
Input Current 1 oo Vss +10 PA
¢ Ve <Vop ~ Vss
Average Input
Capacitance Ce 5 oF
LIt
Crosstalk—Control _ Vpp ~ Vgg = 10V
Input to Signal RL=10k2 oy 50 mv
Output (square wave)
Turn ON P i
urn ON Fropagation toaC te=te=20ns V,<10V,C, = 15pF 35 ns
Delay N
1
Maximum Allowable RL =1k, Vpp =10V, Vss = GND
C_=15pF
Control Input 10 MHz
. V¢ = 10V (square wave)
Repetition Rate
t, =t =20ns
Note 1: The device should not be connected to circuits with the power on.
Note 2: Limit determined by minimum feasible leakage measurement for automatic testing.
Note 3: Symmetrical about OV.
electrical characteristics cp4o66Mm
LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS -55°C 25°C 125°C UNITS
MIN TYP | MAX MIN TYP | MAX | MIN | TYP MAX
Quiescent Dissipation VOLTS
per Package TERMINALS APPLIED
Voo 14 +10
Vss 7 GND
All Switches OFF Ve 5,6,12,13 GND 5 0.1 5 300 W
V, 1,4,8,11 <+10
Vos 2,3,9,10 <+10
PT -
VOLTS
TERMINALS APPLIED
Voo 14 +10 .
All Switches ON Vs 7 GND 5 0.1 5 300 uw
Ve 5,6,12,13 +10
V.= Voo 1,4,8,11 <+10
(Thru
10092)
SIGNAL INPUTS (V) AND QUTPUTS (V)
Ve=Vopo Vs Vi
+7.5V  ~7.8V ~75V t0+75V
5V OV OV to 15V 60 220 80 280 145 320 Q
ON Resistance Ron R_=10kQ  +5V -5V -5V to+5V .
Q
OV oV OV to 10V 85 400 120 500 190 550
+2.5V  -2.5V -25V to 425V
N Q
45V ov OV to 5V 160 3000 270 5000 360 5500
+7.5V  -7.5V -75Vto+75V 5 Q
AON Resistance Between 3R R, =10KQ #15V OV 0V to 15V :
Any 2 of 4 Switches OoN L 5V -8V -5V to +5V 10 Q
+10vV 0V 0V to 10V -
Sine Wave Response Ry =10kQ +5V -5V 5V(p-p) 04 o
(Distortion) fis =1 kHz (Note 3) )
Ve=Vss Voo Vis
Input or Output ~75V  +7.5V +7.6V +100 +0.1 +100 +500 nA
N -7.5V  +7.5V 7.5V
Leakage—Switch OFF (Note 2)
(REHectlve)OFF 5V 45V 15V ‘
esistance -5V 45V -5V £100 0.01[ ‘100 500  nA
, (Note 2)
Frequency Response— _ Ve = Voo = 5V, Vsg = -5V
Switch ON (Sine Wave BU=1k2 o000 o = 348 40 MHz
Input) Vs =5V (p-p) s
Feedthrough Switch Voo =8V, Ve = Vgs = -5V 125 MHz
OFF 20 Logio —= =-50dB '
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CD4066M/CD4066C

electrical characteristics cD4066M Continued

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS -55°C 25°C 125°C UNITS
MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX
Vc(A) = Vpp =45V
Crosstalk Between Any 2 R =1k Vc(B)=Vgs =-56V
of the 4 Switches Vi(A) = Vos(B) 0.9 MHz
(Frequency at ~50 dB) 5V(p-p) 20 Logqo =-50dB
is
Capacitance .
Input Cis Vpp =+5V, V¢ = Vgg = -5V 8 pF
Output Cos Voo = +5V, V¢ = Vgg = —5V 8 pF
Feedthrough Cios Vpp =48V, V¢ = Vgg = -6V 05 pF
Propagation Delay V¢ =Vpp =+10V, Vgs = GND, C, =15 pF
Signal Input to tog Vs = 10V (square wave) 10 ns
Signal Output t, = ty = 20 ns (input signal)
CONTROL (V¢)
. . Vpp — Vss = 10V
Noise Immunity Vi Vis < Voo li,DS 1 Wis 2 2 45 2 \Y
N Vpp — Ves = 10V
Input Current 1 *10 , PA
¢ Ve < Vop ~ Vss
* Average Input
Capacitance Ce 5 PF
Crosstalk—Control Vpp ~ Vss = 10V
Input to Signal RL =10k V¢ = 10V 50 mV
Output (square que)
Turn ON
=tge = s <10V, C_ = 15pF 35 ns
Propagation Delay teaC tete=20ms Vi <10V, G =15p ’
Maximum Allowable ::/DZ ?510\; Vss = GND, Ry =1kQ2 )
Control Input - ot 10 . MHz
. Ve =10V (square wave)
Repetition Rate
te=t;=20ns

Note 2:
Note 3:

Note 1: The device should not be connected to circuits with the power on.
Limit determined by minimum feasible leakage measurement for automatic testing.

Symmetrical about OV.
\

special considerations

In applications where ‘separate power sources are
used to drive Vpp and the signal .input, the Vpp
current capability should exceed Vpp/R_. (R. =

effective external load of the 4 CD4066M/CD4066C

bilateral switches). This provision avoids any permanent
current flow or clamp action on the Vpp supply when

power is applied or removed.from CD4066M/CD4066C.

In certain applications, the external load-resistor current
may include both Vpp and signal-line components. To

avoid drawing Vpp current when switch current flows
into terminals 1, 4, 8 or 11, the voltage drop across the
bidirectional switch must not exceed 0.8V at T, < 25°C,
or 0.6V at Ty > 25°C (calculated from Roy values
shown).

No Vpp current will flow through R, if the switch
current flows into terminals 2, 3, 9 or 10.
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L\1q "~ Advance Reférenc'e Information

CD4069BM/CD4069BC hex inverters
(See MM74C04 Data Sheet) Page Number 1

CD4070BM/CD4070BC quad EXCLUSIVE-OR gate
(See MM74C86 Data Sheet) Page Number 5

CD4076 BM/CD4076 BC TRI-STATE®-quad D flip-flop
(See MM74C173 Data Sheet) Page Number 64

CD40106 BM/CD40106BC hex schmitt trigger
(See MM74C14 Data Sheet) Page Number 8

CD40192BM/CD40192BC sync up/down decade counter
"~ (See MM74C192 Data Sheet) Page Number _73 '

CD40193BM/CD40193BC sync up/down binary co'unter.

(See MM74C193 Data Sheet) Page Number 73




CD4511BM/CD4511BC

NS

CD4511BM/CD451BC BCD-to-7 segment latch/decoder/driver

general description

The CD4511BM/CD4511BC BCD-to-seven segment latch/
decoder/driver is constructed with complementary MOS
(CMOS) enhancement mode devices and NPN bipolar
output drivers in a single monolithic structure. The circuit
provides the functions of a 4-bit storage lateh, an 8421
BCD-to-seven segment decoder, and an output drive
capability. Lamp test (LT), blanking (BI), and latch
enable (LE) inputs are used to test the display, to
turn-off or pulse modulate the brightness of the display,
and to store a BCD code, respectively. It can be used
with seven-segment light emitting diodes (LED), incan-
descent, fluorescent, gas discharge, or liquid crystal
readouts either directly or indirectly.

Applications include instrument (e.g., counter, DVM,
etc.) display driver, computer/calculator display driver,
cockpit display driver, and various clock, watch, and
timer uses. )

features

Low logic circuit power dissipation

High current sourcing outputs (up to 2,5 mA)
Latch storage of code

Blanking input

Lamp test provision

Readout blanking on all illegal input combinations

Lamp intensity modulation capability
Time share (multiplexing) facility

Equivalent to Motorola MC145‘i1

connection diagram

o U e,
Pl 2
-4 LA
s 13
Bl — =%
LE—sd —1-2—!.1
Pl .
A=l LU
Vss—nn -g—'e
- TOP VIEW .
Display
A i / [ y
HAEEIFIEIRNEIE]
0 1 2 3 4 5 [] 7 8 ]

Segment Identification
a
[
c

1=

truth table

INPUTS OUTPUTS

LE|BI| IT|Dp c B A|la b-c d e f g | DISPLAY
x| x| ofx x x x{1 11 11 1 1] 8
x| o]l 1Ix x x x{o o o 0 o0 00 .
o 1 1/0 0 0 0f1 1 1 1 1 10 0
o1 1 ]o o0 1o 1 1 0 0 00 1
0|1 110 0 1 0f1 10 1 1 0 1] 2
ol 1 1o o 1 1f1 11 1 0 0 1 3
o1 1o 1 0 o0fo 1 1t 0 0 1 1 a
of 1 1o 1 0 1f1 0 1. 1.0 1 1 5
o1 1o 1 1 0f{0 0 1 1 1 1 1 6
ol 1o 1 1 17 11 0 0 00 7
ol 1 141 00 0f1 1 1 1 1 11 8
o 1 11100 1}1 1 1 00 1 1 9
ol 11 0 1 0|0 0 00 0 0O :
ol 1 111 01 1]/0 0000 00

of 1 11 1 0 0f/0 00 00 0 O

ol 1 111 1 0110 000060
o1 111 1 1 0fl0 00 0 o0 00

ol 1 141 1 1 110 0 0 0 0 0 0
1] TIX X X X * .

X = Don‘t care

*Depends upon the BCD code applied during the 0 to 1 transition of LE.
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absolute maximum ratings

Voltage at Any Pin (Note 1)
Operating Temperature Range

CD4511BM
CD4511BC

Storage Temperature Range
Package Dissipation
Operating Vpp Range

Vss — 0.3V to Vpp + 0.3V

—-55°C to +125°C
-40°C to +85°C
—65°C to +150°C
500 mW

Vs + 3V to Vg + 15V

Lead Temperature (Soldering, 10 seconds) 300°C
dc electrical characteristics cpas118m
-55°C +25°C +125°C
PARAMETER CONDITIONS UNITS
] MIN TYP | MAX MIN TYP MAX MIN TYP | MAX
Output Voltage Vpp =5V 0.01 0 0.01 0.05 \Y
Logical “0" Vpp = 10V 0.01 0 0.01 0.05 \%
Level (Vout) Vpp = 15V 0 v
Qutput Voltage Vpp =5V 4.1 41 457 4.1 \%
Logical “1"" Vop = 10V 9.1 9.1 9.58 9.1 \Y
Level (Vout) Vpp = 15V 14.59 Y
Noise Immt]nity Vpp =5V, Vour > 3.5V 1.5 1.5 2.25 1.4 \
(Vo) Voo =10V, Vour =7V | 30 .30 | 45 2.9 v
Vpp = 15V, Vour > 105V 6.75 %
Noise Immunity Vpp =5V, Vpur £1.5V 1.4 1.5 2.25 1.5 \Y
(V) Vpp = 10V, Vour <3V 29 30 | 45 3.0 v
Voo = 15V, Vour < 4.5V 6.75 v
Output (Source) | Vpp =5V, loy =0mA 4.1 4.57 \
Drive Voltage Vpp =5V, lop =5mA 4.24 \
(Vou) Vpp =5V, lon =10 mA 39 | 412 v
Vop =5V, loy =15 mA 1 3.04 Y
Voo =5V, lon = 20 mA 34 | 375 Y%
Voo =5V, lon =25 mA 354 %
Vob = 10V, oy = 0mA 9.1 | 958 v
Voo = 10V, loy = 5 mA 9.26 v
Voo = 10V, loy = 10 mA 9.0 | 9.17 v
Vpp = 10V, oy = 15 mA 9.04 %
Voo = 10V, loy = 20 mA 86 | 89 v
Voo = 10V, Igy = 25 mA 8.75 v
Vpp =15V, oy =0 mA 1459 v
Voo = 15V, oy = 5 mA 14.27 v
Voo = 15V, lop = 10 mA 14.18 v
Vpp = 15V, loy = 15 mA 14.07 v
Voo = 15V, lon = 20 mA 13.95 v
Voo = 15V, loy =26 mA 13.8 ‘ v
Output (Sink) Vpo =5V, Vo, =04V 05 04 | 078 0.28 mA
Drive Voltage Vpp = 10V, Vo, = 0.5V 1.1 09 | 20 0.65 mA
(lor) Voo = 16V, Vo, = 1.5V 7.8 mA
Input Current 10 pA
(hn)

Note 1: Devices should not be connected with power on.
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CD4511BM/CDA4511BC

dc electrical

characteristics cn4s5118C

' —40°c +25°C +85°C ~
PARAMETER CONDITIONS UNITS
MIN TYP | MAX | MIN TYP | MAX | MIN TYP | MAX
Output Voltage | Vpp = 5V 0.01 0 0.01 0.05 v
Logical “0" Vpp = 10V 0.01 0 0.01 0.05 Vv
Level (VouT) Vpp = 16V 0 Y
Output Voltage Vpp =5V 4.1 4.1 457 4.1 \
Logical 1" Vpp = 10V 9.1 9.1 9.68 9.1 \
Level (VouT) Vpp = 16V © | 14.59 \
Noise Immunity Vop =5V, Vour >3.5V 1.5 1.6 2.25 1.4 \
(Vao) Vpp =10V, Voyt =7V 3.0 3.0 45 2.9 \"
Vpp = 168V, Vour > 105V, 6.75 \%
Noise Immunity Vpp =5V, Vour <156V | 14 1.5 225 1.5 v
(V) Vpp =10V, Voyt <3V 29 3.0 45 3.0 \%
Vpp = 15V, Vot < 4.5V 6.75 v
Output (Source) Vpp =5V, lon =0mA 4.1 4.57 \
Drive Voltage Vpp =5V, loy =5mA 4.24 Vv
(Vou) Vpp =5V, loy =10mA 36 4.12 Y
Voo =5V, loy =15 mA 3.94 v
Vpp =5V, lonw =20 mA 2.8 3.75 \Y
Vpp =5V, loy =25 mA | 354 \%
Vpp = 10V, loy =0 mA 9.1 958 v
Vpp = 10V, loy =5 mA 9.26 v
Voo = 10V, loy = 10 mA 875 | 9.17 v
Vpp = 10V, Ty = 15 mA 9.04 Y
Vpp = 10V, lgy =20 mA 8.1 8.9 \
Vpp = 10V, lgy =256 mA 8.75 \
Vpo = 15V, loy = 0 mA 14.59 v
Voo = 15V, loy =5 mA 14.27 Y
Vpp = 15V, loy = 10 MA 14.18 \
Vpp = 15V, loy = 156 mA 14.07 v
Vpp = 15V, loy =20 mA 13.95 \
Vpp = 15V, loy =25 mA - 13.8 v
Output (Sink) Voo =5V, Vo_=04V 023 02 | o078 0.16 mA
Drive Voltage Vpp = 10V, Vo =0.5V 0.6 05 2.0 0.4 mA
(P8 Vpp = 15V, Vo, = 1.5V 7.8 mA |
Input Current 10 pA

(hn)
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ac electrical characteristics
Ta = 25°C and C, = 15 pF, typical temperature coefficient for all values of Vpp = 0.3%/°C -

’ CD4511BM CD4511BC
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Input Capacitance (Cyy) Vin = 5.0 : 5.0 pF
Output Rise Time (t,) (Figure 1a) Vpp = 5.0V 30 175 30 200 ns
Vpp = 10V 17 75 17 110 ns
Vpp =15V .15 15 ns
Output Fall Time (t;) (Figure 1a) Vpp = 5.0V 1000 1000 ns
Vpp = 10V 1000 1 1000 ns
. Vpp = 15V 1000 1000 ns
Turn-Off Delay Time (Data) (tp 1) Vpp =5.0V 640 1500 640 2250 ns
(Figure 1a) Vpp = 10V 250 600 250 900 ns
Vpp = 15V 175 175 ns
Turn-On Delay Time (Data) (tpy, ) Vpp =5.0V 720 1500 720 2250 ns
(Figure 1a) Vpp = 10V 290 600 290 900 ns
Vpp = 15V 195 195 ns
Turn-Off Delay Time (Blank) (tp ) Vpp = 5.0V 320 1000 320 1500 ns
(Figure 1a) Vpp = 10V 130 400 130 600 ns
Vpp = 15V 100 . 100 ns
Turn-On Delay Time (Blank) (tpy, ) Vpp = 5.0V : 485 1000 485 1500 ns
(Figure 1a) Vpo = 10V 200 400 200 600 ns
Vpp = 15V 160 160 ns
Turn-Off Delay Time (Lamp Vpp =5.0V 290 625 ) 290 940 ns
Test) (tpy ) (Figure 1a) Vpp = 10V 125 250. 125 375 ns
Vpp = 15V 85 85 ns
Turn-On Delay Time (Lamp Test) Vpp =5.0V 290 625 290 940 ns
(tpy ) (Figure 1a) " Vpp =10V 120 250 120 375 ns
. Vpp = 15V 90 90 ns
Setup Time (tggTup) (Figure 1b) Vpp = 5.0V 180 90 270 920 ns
Vpp =10V 76 38 114 38 ns
) Vpp = 15V 20 20 ns
Hold Time (tyop) (Figure 1b) . Vpp = 5.0V 0 -90 90 - -90 ns
Vpp = 10V 0 -38 38 -38 ns
Vpp = 15V -20 -20 ns
Minimum Latch Enqbie Pulse Vpp =5.0V 520 260 780 260 ns
Width (PW_¢) (Figure Tc) Vpp = 10V 220 110 330 110 ns
Vpp = 15V 65 65 ns

switching time waveforms

(a)

INPUT

ouTPUT

(b)

— l=—tuoo

Voo /== == 7
DATA INPUT 50% 7
. ] B )

FOR SETUP
(c} Voo
ourpur ,/  FomHoLD
o e e e 2D
2005 - 2005
v
e 90%
LE 0% .
(STROBED) 10%
o
PWLe
FIGURE 1.
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CD4511BM/CD4511BC

typical applications

Light Emitting Diode (LED) Readout

COMMON
CATHODE LED

thL
ey

Incandescent Readout

.

Voo

<
)
]

s
3

AAA D
\'A'A e

il

**A filament pre-warm resistor is recommended to reduce filament
thermal shock and increase the effective cold resistance of the
filament.

Gas Dischargé Readout

Voo APPROPRIATE
Y VOLTAGE

-COMMON
ANODE LED

Flourescent Readout

DIRECT .
(LOW BRIGHTNESS)

FILAMENT

Vss ! SupPPLY

j Vss OR APPROPRIATE
= VOLTAGE BELOW Vss¢
g

Liquid Crystal (LC) Readout

Voo, EXCITATION
y (SQUARE WAVE,
r Vss TO Vpp)
p

nEy
19

Vss

:
1
s

= Vss

Direct dc drive of LC's not recommended for life of LC readouts.
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CMOS, THE IDEAL LOGIC FAMILY

INTRODUCTION

Let’s talk about the characteristics of an ideal logic
family. It should dissipate no power, have zero
propagation delay, controlled rise and fall times,
and have noise immunity equal to 50% of the
logic swing.

Well, that ideal logic family is here — almost.
The properties of CMOS . (complementary MOS)
begin to approach these ideal characteristics.

First, CMOS dissipates low power. Typically, the
static power dissipation is 10 nW per gate which is
due to the flow of leakage currents. The active
power depends on power supply voltage, frequency,
output load and input rise time, but typically, gate
dissipation at TMHz with a 50 pF load is less than
10mWw.

Second, the propagation delays through CMOS are
short, though not quite zero. Depending on power
supply voltage, the delay through a typical gate is
on the order of 25 to 50 ns.

Third, rise and fall times are controlled, tending
to be ramps rather than step functions. Typically,
rise and fall times tend to be 20 to 40% longer

~ than the propagation delays.

Last, but not least, the noise immunity approaches
50%, being typically 45% of the full logic swing.

Besides the fact that it approaches the characteris-
tics of an ideal logic family and besides the obvious
low power battery applications, why should de-
signers choose CMOS for new systems? The answer
is cost.

On a component basis; CMOS is still more expen-
sive than TTL. However, system level cost may be

Stéphen Calebotta
National Semiconductor

lower. The power supplies in a CMOS system will
be cheaper since they can be made smaller and with
less regulation. Because of lower currents, the
power supply distribution system can be simpler
and therefore, cheaper. Fans and other cooling
equipment are not needed due to the lower dissi-
pation. Because of longer rise and fall times, the
transmission of digital signals becomes simpler
making transmission techniques less expensive.
Finally, there is no technical reason why CMOS
prices cannot approach present day TTL prices as
sales volume and manufacturing experience in-
crease. So, an engineer about to start a new design
should compare the system level cost of using
CMOS or some other logic family. He may find
that, even at today’s prices, CMOS is the most
economical choice.

National is building two lines of CMOS. The first
is a number of parts of the CD4000A series. The
second is the b4C/74C series which National
introduced and which will become the industry
standard in the near future.

The 54C/74C line consists of CMOS parts which
are pin and functional equivalents of many of the
most popular parts in the 7400 TTL series. This
line is typically 50% faster than the 4000A series
and sinks 50% more current. For ease of-design, it
is spec’d at TTL levels as well as CMOS levels, and
there are two temperature ranges available: 54C,
~55°C to +125°C or 74C, —40°C to +85°C. Table 1
compares the port parameters of the 54C/74C
CMOS line to those of the 54L/74L low power
TTL line.

TABLE 1. Comparison of 54L/74L Low Power TTL and 54C/74C CMOS Port Parameters.

Vie o vim | owm | Voo Vo too | 4 Poiss/GATE Poiss/GATE

F pd1 D! Di!

AMILY | Vec | pax | max | min | 24v | max | o MN | ' | Tve | TYP | STATIC | 1MHz, 50 oF LOAD
sa/7al | 5 | 07 |o018ma | 20 | 10pa| 03 | 20mA | 24 | t00ea ]| 31 | 3 T mw 225 mw
saciac | 5 | os - 35 | - | 04 |360ua | 24 |*100a | 60 | a5 | 0.00001 mw 126 mw
sac/7ac | 10 | 20 - so | - 10 | **10ua | 90 |**toua | 25 | 30 | o0oo0c03mw 5 mw

* Assumes interfacing to low power TTL.
** Assumes interfacing to CMOS.
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AN-77 CMOS, THE IDEAL LOGIC FAMILY

CHARACTERISTICS OF CMOS

The aim of. this section is to give the system
designer not familiar with CMOS, a good feel for
how it works and how it behaves in a system.
Much has been written about MOS devices in
general. Therefore, we will not discuss the design
and fabrication of CMOS transistors and circuits.

The ‘basic CMOS circuit is the inverter shown in
Figure 2-1. It consists of two MOS enhancement

. mode transistors, the upper a P-channel type, the

lower an N-channel type.

Vee

G .S
ar CHANNEL
Vin 3—-0 Vour
N-CHANNEL
G

GND

FIGURE 2-1. Basic CMOS Inverter.

The power supplies for CMOS are called Vpp and
Vss, or Ve and Ground depending on the manu-
facturer. Vpp and Vgg are carryovers from con-
ventional MOS circuits and stand for the drain and
source supplies. These ‘do not apply directly ‘to
CMOS since both supplies are really source supplies.
Vce and Ground are carryovers from TTL logic
and that nomeclature has been retained with the
introduction of the 54C/74C line of CMOS. V¢
and Ground is the nomenclature we shall use
throughout this paper.

The logic levels in a CMOS system are V¢ (logic
“1") and Ground (logic ““0”). Since “‘on” MOS
transistor has virtually no voltage drop across it if
there is no current flowing through it, and since
the input impedance to CMOS device is so high
(the input characteristic of an. MOS transistor is
essentially capacitive, looking like a 1028 resistor
shunted by a 5 pF capacitor), the logic levels seen
in a CMOS system will be essentially equal to the
power supplies.

Now let’s look at the. charactenstuc curves of

MOS transistors to get an idea of how rise and_

fall times, propagation delays and power dissipation
will vary with power supply voltage and capacitive
loading. Figure 2-2 shows the characteristic curves
of N-channel and P-channel enhancement mode
transistors.

There are a number of important observations to
be made from these curves. Refer to the curve of
Vgs = 15V (Gate to Source Voltage) for the
N-channel transistor. Note- that for a constant
drive voltage Vgg, the transistor behaves like a
current source for Vpg's (Drain to Source Voltage)
greater than Vgg — Vg3 (V¢ 'is the threshold

1

‘voltage swing. However,

voltage of an MOS transistor). For Vpg's below
Vgs — Vi, the transistor behaves essentially like a
resistor. Note also that for lower Vgg's, there are
similar curves except that the magnitude of the
Ips's are significantly smaller and that in fact, Ipg
increases approximately as the square of increasing
Vgs. The P-channel transistor exhibits essentially
identical, but complemented, characteristics. :

a5 T

30

OUTPUT CURRENT Ips (mA)

<
2
®
g

W
2
hat

1

TINNVHIN

v.; @ Ve =

= By
!

0 5 10 15
OUTPUT VOLTAGE Vos (V)

OUTPUT VOLTAGE Vos (V)

-15 =10 -5 0
FTITTT
Vgs @ Ve =5V ™12
=3
<
=
=
<
0 =
- a
o Vgs @ Vec = 10V 19" s
2 E
z / m
= P4 E
g 4 g
ve 20 ,?,,‘
[Vgs @ Ve = 15V EY
CTT T £
1 A1
11 30

FIGURE 2-2. Logical “1” Output Voltage vs
Source Current..

If we try to drive a capacitive load with these
devices, we can see that the initial voltage change
across the load will be ramp-like due to the current
source characteristic folldwed by a rounding off
due to the resistive characteristic dominating as
Vps approaches zero. Referring this to our basic
CMOS inverter in Figure 2-1, as Vps approaches
zero, Voyt will approach Ve or Ground depend-
ing on whether the P-channel or N-channel transistor
is conducting.

Now if we increase Vcc and, therefore, Vcs the
inverter must drive the capacitor through a Iarger
for this same voltage
increase, the drive capability (lpg) has increased
roughly as the square of Vgg and, therefore, the
rise times and the propagation delays through the
inverter as measured in Figure 2-3 have decreased.

So, we can see that for a given design, and therefore -
fixed capacitive load, increasing the power supply’
voltage will increase the speed of the system.
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Increasing V¢ increases speed but it also increases
power dissipation. This is true for two reasons.
First, CV2f power increases. This is the power
dissipated in a CMOS circuit, or any other circuit
for that matter, when driving a capacitive load.

FIGURE 2-3. Ri'se and Fall Times and Propagation
Delays as Measured in a CMOS System.

For a given capacitive load and switching frequency,
power dissipation increases as the square of the
voltage change across the load.

The second reason is that the VI power dissipated
in the CMOS circuit increases with V¢ (for Vec's
> 2V+). Each time the circuit switches, a current
momentarily flows from V¢ to Ground through
both output transistors. Since the threshold voltages
of the transistors do not change with increasing
Vce, the input voltage range through which the
upper and lower transistors are conducting simul-
taneously increases as V¢ increases. At the same
time, the higher V¢ provides higher Vgg voltages
which also increase the magnitude of the Ipg
currents. Incidently, if the rise time of the input
signal was zero, there would be no current flow
from Vee to Ground through the circuit. This
current flows because the input signal has a finite
rise time and, therefore, the input voltage spends a
finite amount of time passing through the region
where both transistors conduct simultaneously.
Obviously, input rise and fall times should be kept
to 'a minimum to minimize VI power dissipation.

Let’s look at the transfer characteristics, Figure 2-4,
as they vary with Vcc. For the purposes of this
discussion we will assume that both transistors in
our basic inverter have identical but complementary
characteristics and threshold voltages. Assume the
threshold voltages, Vy, to be 2V. If V¢ is less
than the threshold voltage of 2V, neither transistor
can ever be turned on and the circuit cannot
operate. If Ve is equal to the threshold voltage
exactly then we are on the curve Figure 2-4a.
We appear to have 100% hysteresis. However, itis
not truly hysteresis since both output transistors
are off and the output voltage is being held on the
gate capacitances of succeeding circuits. If Vg is
somewhere between one and two threshold volt-
ages (Figure 2-4b), then we have diminishing
amounts of “'hysteresis’’ as we approach V¢ equal
to 2V (Figure 2-4c). At V¢ equal to two thres-
holds we have no “’hysteresis’’ and no current flow
through both the upper and lower transistors dur-
ing switching. As V¢ exceeds two thresholds the

transfer curves begin to round off (Figure 2-4d). As
VN passes through the region where both transis-
tors are conducting, the currents flowing through
the transistors cause voltage drops across them
giving the rounded characteristic.

s T s T T
Vee *Vr Vo Ve 2V
1 4
H E
H 2
52 5 2
3 3
' '
] T2 3 e s 0 L T T B
Vin (VOLTS) Vi (VOLTS)
(a) (b)
)
Ve 2Vy T ,[
- b
o e Y !
= : =~
Vee = 2Vs = H
. ce 2 —— . ! 5
g
_ ) ~s ¢
z 5 z
g 3 B3 \ b —e 2
I R !
= 5 p—
2
: /
1
0

0 1 2 EN 1 0 2 4 6 8 1w 12 e
Vin (VOLTS) . Vi (VOLTS)

(c) (d)

FIGURE 2-4. Transfer Characteristics vs V.

Considering the subject of noise in a CMOS system,
we must discuss at least two specs: noise immunity
and noise margin.

National’s CMOS circuits have a typical noise
immunity of 0.45 V¢¢. This means that a spurious
input which is 0.45 V¢ or less away from V¢ or
Ground typically will not propagate through the
system as an erroneous logic level. This does not
mean that no signal at all will appear at the output
of the first circuit. In fact, there will be an output
signal as a result of the spurious input, but it will
be reduced in amplitude. As this signal propagates
through the system, it will be attenuated even
more by each circuit it passes through until it
finally disappears. Typically, it will not change any
signal to the opposite logic level. In a typical
flip flop, a 0.45 V¢ spurious pulse on the clock
line would not cause the flop to change state.

National also guarantees that its CMOS circuits
have a 1V DC noise margin over the full power
supply range and temperature range and with any
combination of inputs. This is simply a variation of
the noise immunity spec only now a specific set of
input and output voltages have been selected and
guaranteed. Stated verbally, the spec says that for
the output of a circuit to be within 0.1 V¢ volts
of a proper logic level (Ve or Ground), the input

ATIWVY4 91901 1v3al 3HL ‘SOWD LL-NV
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THE IDEAL LOGIC FAMILY

AN-77 CMOS,

can be as much as 0.1 Ve plus TV away from
power supply rail. Shown ‘graphically we have:

15V

GUARANTEED QUTPUT “1” LEVEL
Vour (1) @ INPUTS = V,y (0)

Vi (1)

135
125

4.05

3.05 GUARANTEED OGUTPUT “0” LEVEL

Vour (0) @ INPUTS = Vi (1)

Vin (0) . 25 '
1.45 15
045 "

1
4.50V 1ov ©o1sv

LOGIC LEVELS

Vee

FIGURE 2-5. Guaranteed CMOS DC Margin Over
Temperature as a Function of Vgc.
CMOS Guararntees 1V.

This is similar in nature to the standard TTL noise
margin spec which is 0.4V.

T
Vour (1) MIN
24 X
4 20 Vi (1) MIN
=
>
z
4
o
] . Vi (0) MAX
S 08
04 Vour (0) MAX
|
45 50 55
Vee

FIGURE 2-6. Guaranteed TTL DC Margin‘Over
Temperature as a Function of V.
TTL Guarantees 0.4V.

For a complete picture of Vot vs Vy refer to
the transfer characteristic curves in Figure 2-4.

SYSTEM CONYS|DERATI0NS

This section describes how to handle many of the
situations that arise in normal system design such
as unused inputs, paralleling. circuits for extra
drive, data bussing, power considerations and inter-
faces to other logic families.

Unused inputs: simply stated, unused inputs should
not be left open. Because of the very high imped-
ance (~10'2Q), a floating input may drift back
and forth between a ““0" and ““1" creating some
very intriguing system problems./AII unused inputs
should be tied to Ve, Ground or another used
input. The choice is not completely arbitrary,
however, since there will be an effect on the
output drive capability of the circuit in guestion.

'Take, for example, a four input NAND gate being

used as a two input gate, The internal structure is
shown in Figure 3-1. Let inputs A & B be the
unused inputs. .

If we were going to tie the unused inputs to a
logic level, inputs A-& B would have to be tied to
Ve to enable the other inputs to function. That
would turn on- the lower A and B transistors and
turn off the upper A and B transistors. At most,
only- two of the upper transistors could ever be
turned on. However, if inputs' A and B were tied
to input C, the input capacitance would triple, but
each time C went low, the upper A; B and C
transistors would turn on, tripling the available
source current. If input D was low also, all four of
the upper transistors would be on.

:}]g]:ﬁd

A3%% |'H ol Mo W
i
A |*:T*
8 O J“j_‘ )
|n-—0c
| Jl
[ —e
X3x%1

FIGURE 3-1. MM74C20 Four Input NAND Gate.

So, tying unused NAN’D gate inputs to. V¢c
(Ground for NOR gates) will enable them, but
tying unused inputs to other used inputs guarantees
an increase in source current in the case of NAND
gates (sink current in the case of NOR gates).
There is no increase in drive possible through the
series transistors. By using this approach, a multiple -
input gate could be used to drive a heavy current
load such as a lamp or a relay.

Parallel gates: depending on the type of gate, tying
inputs together guarantees an increase in either
source or sink current but not both. To guarantee
an increase in both currents, a number of gates
must be paralleled as in Figure 3-2. This insures
that there are a number of parallel combinations
of the series string of transistors (Figure 3-1),
thereby increasing drive in that direction also.

OR

FIGURE 3-2. Paraileling Gates or Inverters Increases
: Output Drive in Both Directions.

Data bussing:: there are essentially two ways to do
this. First, connect ordinary CMOS parts to a bus
using transfer gates (part no. CD4016C). Second,




and the preferred way, is to use parts specifically
designed with a CMOS equivalentof a TR |-STATE®
output.

Power supply filtering: since CMOS can operate
over a large range of power supply voltages (3V
to 15V), the filtering necessary is minimal. The
minimum power supply voltage required will be
determined by the maximum frequency of opera-
tion of the fastest element in the system (usually
only a very small portion of any system operates
at maximum frequency). The filtering should be
designed to keep the power supply voltage some-
where between this minimum voltage and the
maximum rated voltage the parts can tolerate.
However, if power dissipation is to be kept to a
minimum, the power supply voltage should be
kept as low as possible while still meeting all speed
requirements.

Minimizing system power dissipation: to minimize
power consumption in a given system, it should be
run at the minimum speed to do the job with the
lowest possible power supply voltage. AC and DC
transient power consumption both increase with
frequency and power supply voltage. The AC
power is described as CV2f power. This is the
power dissipated in a driver driving a capacitive
load. Obviously, AC power consumption increases
directly with frequency and as the square of the
power supply. Italso increases with capacitive load,
but this is usually defined by the system and is not
alterable. The DC power is the VI power dissipated
during switching. In any CMOS device during
switching, there is a momentary current path from
the power supply to ground, (when Ve > 2Vy)
Figure 3-3. :

Vee
v
« Ve
Vin
Ve
aNo
Hotmse  —H Hteaw
™ Vour
ax
[
3_ i
GNo

GND I

vr T Ve

i
[ tromav

VI POWER IS GIVEN BY:

1
Py = Ve x 2 Imax x RISE TIME TO PERIOD RATIO

RISE TIME T0 Vee - 2Vr
PERIOD RATIO = ——y——

1
troraL

x tRise *traLL
Vee trotaL

WHERE = FREQUENCY

Py1 =1/2 (Vce - 2Vr) lec max (taise * trace) FREQ.

FIGURE 3-3. DC Transient Power.

The maximum amplitude of the current is a rapidly
increasing function of the input voltage which in
turn is a direct function of the power supply
voltage. See Figure 2-4d.

The actual amount of VI power dissipated by the
system is determined by three things: power supply
voltage, frequency and input signal rise time. A
very important factor is the input rise time. If the

rise time is long, power dissipation increases since
the current path is established for the entire period
that the input signal is passing through the region
between the threshold voltages of the upper and
lower transistors. Theoretically, if the rise time
were zero, no current path would be established
and the VI power would be zero. However, with a
finite rise time there is always some current flow
and this current flow increases rapidly with power
supply voltage.

Just a thought about rise time and power dissipa-
tion. If a circuit is used to drive many loads, its
output rise time will suffer. This will result in an
increase in VI power dissipation in every device
being driven by that circuit (but not in the drive
circuit itself). |f power consumption is critical, it
may be necessary to improve the rise time of that
circuit by buffering or by dividing the loads in
order to reduce overall power consumption.

So, to summarize the effects of power supply
voltage, input voltage, input rise time aind output
load capacitance on system power dissipation, we
can say the following:

1. Power supply voltage: CV2f power dissipation
increases as the square of power supply voltage.
VI power dissipation increases approximately
as the square of the power supply voltage.

2. Input voltage level: VI power dissipation in-
creases if the input voltage lies somewhere
between Ground plus a threshold voltage and
Vce minus a threshold voltage. The highest
power dissipation occurs when Vy is at 1/2
Vcc. CV2f dissipation is unaffected.

3. Input rise time: VI power dissipation increases
with longer rise times since the DC current path
through the device is established for a longer
period. The CV2f power is unaffected by slow
input rise times.

4. Output load capacitance: the CV2f power dissi-
pated in a circuit increases directly with load
capacitance. VI power in a circuit is unaffected
by its output load capacitance. However, in-
creasing output load capacitance will slow
down the output rise time of a circuit which in
turn will affect the VI power dissipation in the
devices it is driving.

INTERFACES TO OTHER LOGIC TYPES

There are two main ideas behind all of the follow-
ing interfaces to CMOS. First, CMOS outputs
should satisfy the current and voltage requirements
of the other family’s inputs. Second, and probably
most important, the other family’s outputs should
swing as near as possible to the full voltage range
of the CMOS power supplies.

P-Channel MOS: there are a number of things to
watch for when interfacing CMOS and P-MOS. The
first is the power supply set. Most of the more
popular P-MOS parts are specified with 17 to 24V
power supplies while the maximum power supply
voltage for CMOS is 15V. Another problem

ATIAVH 21901 1v3al IHL 'SOWD  LL-NV
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is that unlike CMOS, the output swing of a push-
pull P-MOS output is significantly less than the
power supply voltage across it. P-MOS swings from

very close to its more positive supply (Vgg) to’

quite a few volts above its more negative supply
(Vpp). So, even if P-MOS uses a 15V or lower
power supply set, its output swing will not go low
enough for a reliable interface to CMOS. There are
a number of ways to solve this problem depending
on the configuration of the system. We will discuss
two solutions for systems that are built totally
with MOS and one solution for systems that
include bipolar logic. ‘

b § 1
Vee Vs Vee
. mmos—de .
surLy = cMoS. - PMOS . cmos
GND Voo Fro GND. )
4

FIGURE 3-4. A One Power Supply System Built
Entirely of CMOS and P-MOS.

First, MOS only. P-MOS and CMOS using the
same power supply of less than 15V, Figure 3-4.

‘In this configuration CMOS drives P-MOS directly.

However, P-MOS cannot drive CMOS directly be-
cause of its output will not pull down close enough
to the lower power supply rail. Rpg (R pull down)

is added to each P-MOS output to pull it all the -

way down to the lower rail. Its value is selected
such that it is small enough to give the desired
RC time constant when pulling down but not so
small . that the P-MOS output cannot pull it
virtually all the way up to the upper power supply
rail when it needs to. This approach will work with
push-pull as well as open drain P-MOS outputs.

Another approach in a purely ‘MOS system is to
build a cheap zener supply to bias up the Iower
power supply rail of CMOS, Figure 3-5.
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Use a bias supply to reduce the voltage across the CMOS
to match the logic swing of the P-MOS. Make sure the
resulting voltage across the CMOS is less than 15V.

FIGURE 35. A P-MOS and CMOS System Where The
P-MOS Supply is Greater Than 15V.

In this configuration the P-MOS suppiy is selected
to satisfy the P-MOS voltage requirement. The bias

supply voltage is selected to reduce the total .

voltage across the CMOS (and therefore its logic

swing) to match the minimum swing of the P-MOS

outputs. The CMOS can still drive P-MOS directly

‘and now the P-MOS can drive CMOS with nos

pull-down resistors. The other restrictions are that
the total 'voltage across the CMOS is less than 16V
and that the bias supply can handle the current
requirements of all the CMOS. This approach is
useful . if. the P-MOS supply must be greater than
15V and the CMOS current requirement is low
enough to be done easily with a small discrete
component regulator.

If the system has bipolar logic, it will usually

have at least two power supplies. In this case, the
CMOS is run off the bipolar supply and it inter-
faces directly to PMOS Figure 3-6.
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Run the CMOS from the bipolar supply and interface directly to P-MOS

" FIGURE 3-6. A System With CMOS, P-MOS and Bipolar

Logic.

N-Channel MOS: interfacing to N-MOS is some-.
what simpler than interfacing to P-MOS although
similar problems exist. 'First, N-MOS requires
lower power supplies than P-MOS, being in the
range of 5V to 12V. This is directly compatible
with CMOS. Second, N-MOS logic levels range
from slightly above the lower power supply rail to
about 1 to 2V below the upper rail.

At the higher power supply voltages, N-MOS and
CMOS can be interfaced directly since.the N-MOS
high logic level will be only about 10 to 20 percent
below the upper rail. However, at lower supply
voltages the N-MOS output level will be down 20
to 40 percent below the upper rail and something
may have to be done to raise it. The simplest solu-
tion is to add pull up resistors on the N-MOS
outputs as shown in Figure 3-7.

T h 4 1
Vee Voo S| Voo
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[ sTot2v
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Both operate off same supply with pull up resistors optional from
N-MOS to CMOS.

FIGURE 3-7. A System With CMOS and N-MOS Only.

TTL, LPTTL, DTL: two questions arise when
interfacing bipolar logic families to CMOS. First,
is the bipolar family’s logic ‘1"’ output voltage high
enough to drive CMOS directly?
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TTL, LPTTL, and DTL can drive 74C series CMOS
directly over the commercial temperature range
without external pull up resistors. However, TTL
and LPTTL cannotdrive 4000 series CMOS directly
(DTL can) since 4000 series specs do not guarantee
that a direct interface with no pull up resistors will
operate properly.

DTL and LPTTL manufactured by National (NS
LPTTL pulls up one diode drop higher than the
LPTTL of other vendors) will also drive 74C
directly over the entire military temperature range.
LPTTL manufactured by other vendors and stan-
dard TTL will drive 74C directly over most of the
mil temperature range. However, the TTL logic
1" drops to a somewhat marginal level toward the
lower end of the mil temperature range and a pull
up resistor is recommended.

According to the curve of DC margin vs V¢ for
CMOS in Figure 2-5, if the CMOS sees an input
voltage greater than Voo — 1.5V (Ve = 5V), the
output is guaranteed to be less than 0.5V from
Ground. The next CMOS element will amplify
this 0.5V level to the proper logic levels of V¢ or
Ground. The standard TTL logic 1" specisa VouT
min. of 2.4V sourcing a current of 400uA. This
is an extremely conservative spec since a TTL
output will only approach a one level of 2.4V
under the extreme worst case conditions of lowest
temperature, high input voltage (0.8V), highest
possible® leakage currents (into succeeding TTL
devices), and V¢ at the lowest allowable (Ve =
4.5V).

Under nominal conditions (25°C, V,y = 0.4V,
nominal leakage currents into CMOS and V¢c =
5V)a TTL logic "*1” will be more like Ve — 2Vp,
or Vee — 1.2V. Varying only temperature, the
output will change by two times-—2mV per °C, or
~4 mV per “C. Vge — 1.2V is more than enough
to drive CMOS reliably without the use of a pull
up resistor.

If the system is such that the TTL logic ‘1" output
can drop below Ve — 1.5V, use a pull up resistor
to improve the logic ‘1"’ voltage into the CMOS.

) S G—
Vee ,2 Rey Vee
b
5V 0% T +- cMos
I GND GND
I ]
nd

Pull up vesr‘slnv, Rpuy, is needed only at the lower end of the Mil
temperature range.

_ FIGURE 3-8. TTL to CMOS Interface.

The second question is, can CMOS sink the bipolar
input current and not exceed the maximum value
of the bipolar logic zero input voltage? The logic
“1"" input is no problem.

The LPTTL input current is small enough to allow
CMOS to drive two loads directly. Normal power
TTL input currents are ten times higher than
those in LPTTL and consequently the CMOS out-
put voltage will be well above the input logic 0"
maximum of 0.8V. However, by carefully examin-
ing the CMOS output specs we will find that a two
input NOR gate can drive one TTL load, albeit
somewhat marginally. For example, the logical
“0" output voltage for both an MM74CO00 and
MM74C02 over temperature is specified at 0.4V
sinking 360uA (about 420uA at 25°C) with an
input voltage of 4.0V and a V¢ of 4.75V. Both
schematics are shown in Figure 3-9.

FIGURE 3-9a. MM74C00.

Vee

AD I

FIGURE 3-9b. MM74C02.

Both parts have the same current sinking spec but
their structures are different. What this means is
that either of the lower transistors in the MM74C02
can sink the same current as the two lower series
transistors in the MM74C00. Both MM74C02
transistors together can sink twice the specified
current for a given output voltage. If we allow the
output voltage to go to 0.8V, then a MM74C02
can sink four times 360uA, or 1.44 mA which is
nearly 1.6 mA. Actually, 1.6 mA is the maximum
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spec for the TTL input current and -most TTL'

parts run at about 1 mA. Also, 360uA is the
minimum CMOS sink current spec, the parts will
really sink somewhere between 360 and 540uA
(between 2 and 3 LPTTL input loads). The 360uA
sink current is specified with an input voltage of
4.0V. With an input voltage of 5.0V, the sink
current will be about 560uA over temperature,
making it even easier to drive TTL. At room
temperature with an input voltage of 5V, a CMOS

output can sink about 800uA. A 2 input NOR.

gate, therefore, will sink about 1.6 mA with a Vgt
of about 0.4V if both NOR gate inputs are at 5V.

The main point of this discussion is that a common
2 input CMOS NOR gate such as an MM74C02

can be used to drive a normal TTL load in lieu of a
special buffer. However, the designer must be
willing to sacrifice some noise immunity over
temperature to do so. :

TIMING CONSIDERATIONS IN CMOS MSls

There is one more thing to be said in closing. All
the flip-flops used in CMOS designs are genuinely
edge sensitive. This means that the J-K flip-flops
do not "‘ones catch’ and that some of the timing

~ restrictions that applied tothe control lines on

MSI functions in TTL have been relaxed in the
74C series. '
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CMOS LINEAR APPLICATIONS

PNP and NPN bipolar transistors have been used
for many years in ‘“complementary’” type of
amplifier circuits. Now, with the arrival of CMOS
technology, complementary P-channel/N-channel
MOS transistors are available in monolithic form.
The MM74C04 incorporates a P-channel MOS
transistor and an N-channel MOS

as an inverter.

Due to the symmetry of the P- and N-channel
transistors, negative feedback around the comple-
mentary pair will cause the pair to self bias itself
to approximately 1/2 of the supply voltage.
Figure 1 shows an ‘idealized voltage transfer
characteristic curve of the CMOS inverter con-
nected with negative feedback. Under these
conditions the inverter is biased for operation
about the midpoint in the linear segment on the
steep transition of the voltage transfer character-
istic as shown in Figure 1.

Vep =15V

o

OUTPUT VOLTAGE - Vg

] 75 15

INPUT VOLTAGE -V,

FIGURE 1. ldealized Voltage Transfer Characteristics of
an MM74C04 Inverter.

Under AC conditions, a positive going input will
cause the output to swing negative and a negative
going input will have an.inverse effect. Figure 2
shows 1/6 of 'a MM74C04 inverter package
connected as an AC amplifier.

transistor
connected in complementary fashion to function:

Gene Taatjes
National Semiconductor

R1

FIGURE 2. A 74CMOS Invertor Biased for Linear Mode
‘Operation.

The power supply current is constant during
dynamic operation since the inverter is biased for
Class A operation. When the input 'signal swings
near the supply, the output signal will become
distorted because the P-N channel devices are
driven into the non-linear regions of their transfer
characteristics. |f the input signal approaches the
supply voltages, the P- or N-channel transistors
become saturated and supply current is reduced to
essentially zero and the device behaves like the
classical digital inverter.
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0 25 50 15 10 125 15

INPUT VOLTAGE -V,

FIGURE 3. Voltage Transfer Characteristics for an
Inverter Connected as a Linear Amplifier.

Figure 3 shows typical voltage characteristics of
each inverter at several values of the Vgc. The
shape of these transfer curves are relatively
constant with temperature. Temperature affects
for the self biased inverter with supply voltage is
shown in Figure 4. When the amplifier is operating
at 3 volts, the supply current changes drastically as
a function of supply voltage because the MOS
transistors are operating in the proximity of their
gate-sdurce threshold voltages.
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FIGURE 4. Normalized Amplifier Supply Current Versus
Ambient Temperature Characteristics.

Figure 5 shows typical curves of voltage gain as a
function of operating frequency for various supply
voltages.

Output voltages can swing within millivolts of the
supplies with either a single or dual supply.

Ve =30V
50~

Vee =50V
0 B

Vg =10V

[y X
Ve =+15V
-
0 .
! L 1 1 1 L I
102

w1 10 [T T 10’ 108

VOLTAGE GAIN - d8

OPERATING FREQUENCY - Hz

FIGURE 5. Typical Voltage Gain Versus Frequency
Characteristics for Amplifier Shown in Figure 2.

APPLICATIONS
Cascading Amplifiers for Higher Gain.

By cascading the basic amplifier block shown in
Figure 2 a high gain amplifier can be achieved. The
gain will be multiplied by the number of stages
used. |f more than one inverter is used inside the
feedback loop (as in Figure 6) a higher open loop
gain is achieved which results in more accurate
closed loop gains. )

R

FIGURE 6. Three CMOS lhverters Used as an X10 AC
Amplifier.

Post Amplifier for Op Amps.

A standard operational amplifier used with a
CMOQOS inverter for a Post Amplifier: has several
advantages. The operational amplifier essentially.
sees no load condition since the input impedance
to the inverter is very high. Secondly, the CMOS
inverters will swing to within millivolts of either
supply. This gives the designer the advantage of
operating the operational amplifier under no load
conditions yet having the full supply swing
capability on the output. Shown in Figure 7 is the
LM4250 micropower Op Amp used with a 74C04
inverter for increased output capability while
maintaining the low power advantage of both
devices.

Py ~500 oW

FIGURE 7. MM74C04 Inverter Used as a Post Amplifier
for a Battery Operated Op Amp.

The MM74C04 can also be used with single supply
amplifier such as the LM324, With the circuit
shown in Figure 8, the open loop gain is approxi-
mately 160 dB. The LM324 has 4 amplifiers in a
package and the MM74C04 has 6 amplifiers per
package.

FIGURE 8. Single Supply Amplifier Using a CMOS
Cascade Post Amplifier with the LM324.

CMOS inverters can be paralleled for increased
power to drive higher current loads. Loads of
5.0 mA per inverter can be expected under AC
conditions. ‘ ' '

Other 74C devices cankbe used to provide greater
complementary current outputs. The MM74C00
NAND Gate will provide approximately 10 mA
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from the Vcc supply while the MM74C02 will
supply approximately 10 mA from the negative
supply. Shown in Figure 9 is an operational
amplifier using a CMOS power post amplifier to
provide greater than 40 mA complementary
currents.

/4

L
MM74C00
/ 14

lgyr=~50mA
Vour~6.0Vpp

FIGURE 9. MM74C00 and MM74C02 Used as a Post
Amplifier to Provide Increased Current Drive.

Other Applications.

Shown in Figure 10 is a variety of applications
utilizing CMOS devices. Shown is a linear phase
shift oscillator and an integrator which use the
CMOS devices in the linear mode as well as a few
circuit ideas for clocks and one shots.

Conclusion

Careful study of CMOS characteristics show that
CMOS devices used in a system design can be used
for linear building blocks as well as digital blocks.

Utilization of these new devices will decrease
package count and reduce supply requirements.
The circuit designer now can do both digital and
linear de'signs,with the same type of device.

1
>33

Phase Shift
Oscillator Using MM74C04

R
Viy ——AAA,—d b— Vour
T=RC

Integrator Using
Any Inverting CMOS Gate

28 R c
~ b
"~1ame

Square Wave Oscillator

Wee

R
c
INPUT
T=14RC

One Shot

CLOCK =] . 1aci61

Staircase Generator

FIGURE 10. Variety of Circuit Ideas Using CMOS
Devices.
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54C/74C FAMILY CHARACTERISTICS

INTRODUCTION

The purpose of this 54C/74C Family Character-
istics application note is to set down, in one place,
all those characteristics which are common to the
devices in the MM54C/MM74C logic family. The
characteristics which can be considered to apply
are:

. Output voltage-current characteristics
. Noise characteristics

1

2

3. Power consumption

4. Propagation delay (speed)
5

. Temperature characteristics

With a good understanding of the above charac-
teristics the designer will have the necessary tools
to optimize his system. An attempt will be made
to present the information in as simple a manner
as possible to facilitate its use. This coupled with

50

Thomas P. Redfern
National Semiconductor

the fact that 54C/74C has the same function and
pin-out as standard series 54L/74L will make the
application of CMOS to digital systems very
straightforward. .

OUTPUT CHARACTERISTICS

Figure 1 and Figure 2 show typical output drain
characteristics for the basic inverter used in the
54C/74C family. For more detailed information on
the operation of the basic inverter the reader is
directed to application note AN-77, “CMOS, The
Ideal Logic Family.” - Although more complex
gates, and MSI devices, .may be composed of
combinations of parallel and series transistors the
considerations that govern the output character-
istics of the basic inverter apply to these more
complex structures as well.
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The 54C/74C family is designed so that the output
characteristics of all devices are matched as closely
as possible. To ensure uniformity all devices are
tested at four output conditions (see Figures 1
and 2). These points are:

Vee =5.0V | Viy = 5.0V Vin =0V
Ips > 1.75 mA llpsl >1.75mA
Vps > 5.0V [Vps| >5.0V
Vee =10V | Viy = 10V Vin =0V
Ips > 8.0 mA |lpsl >8.0mA
Vps > 10V [Vpsl > 10V

Note that each device data sheet guarantees these
points in the table of electrical characteristics.

The output characteristics can be used to determine
the output voltage for any load condition. Figures
1 and 2 show load lines for resistive loads to V¢
for sink currents and to GND for source currents.
The intersections of this load line with the drain
characteristic in question gives the output voltage.
For example at V¢e = 5.0V, Vout = 1.5V (typ)
with a load of 50052 to ground.

These figures also show the guaranteed points for
driving two 54L/74L standard loads. As can be
seen there is typically ample margin at Ve = 5.0V.

In the case where the 54C/74C device is driving
another CMOS device the load line is coincident
with the Ipg = 0 axis and the output will then
typically switch to either V¢ or ground.

NOISE CHARACTERISTICS
Definition .of Terms

Noise Immunity: The noise, immunity of a logic
element is that voltage which applied to the input
will cause the output to change its output state.

Noise Margin: The noise margin of a logic element
is the difference between the guaranteed logical
“1" ("'0") level output voltage and the guaranteed
logical “1" (*’0”) level input voltage.

The transfer characteristic of Figure 3 shows
typical noise immunity and guaranteed noise
margin for a 54C/74C device operating at Ve =
10V. The typical noise immunity does not change
with voltage and is 45% of Vcc.

fe—asv (TYPICAL NOISE IMMUNITY)
Voo =10V
10 ec 1
Vourn, min Tas25°C
— - “0" LEVEL NOISE MARGIN =
[ Vinior max = Vour @, max
s W \ 4 LEVEL NOISE MARGIN -
= ~ | Vourm.mim = Vinin, i
v
560
> — i
st
—_—
X 3
4.0 1 {TYPICAL NOISE IMMUNITY)
— I 45V
l z
20 -, i
| Yoo
I (-
] 20 40 60 80 10

Vin (V)

FIGURE 3. Typical Transfer Characteristic

All 54C/74C devices are guaranteed to have a
noise margin of 1.0V or greater over all operating
conditions (see Figure 4). .

15V

GUARANTEED OUTPUT “1” LEVEL ] 135
Vour (1)@ INPUTS =V, (0) 125
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Vour (0) @ INPUTS =V, (1)

Vin (0) 25
145 15
0.45

w
2
&

LOGIC LEVELS

4.50v 1ov 15V

Vee

FIGURE 4. Guaranteed Noise Margin Over Temperature
vsVee

Noise immunity is an important device character-
istic. However, noise margin is of more use to the
designer because it very simply defines the amount
of noise a system can tolerate under any circum-
stances and still maintain the integrity of logic
levels.

Any noise -specification to be complete. must
define how measurements are to be made. Figure 5
indicates two extreme cases; driving all inputs
simultaneously and driving one input at a time.
Both conditions must be included because each
represents one worst case extreme.

Vee

Vn*

- +
~
Vour
Vour *
(A)

Vee
o

n* }_ Vour
()=
Vour™

T

-;J—-
*Vour = Voutmmin. Voutiomax
Vy = ALLOWABLE NOISE VOLTAGE =1.0V
(8)

FIGURE 5. Noise Margin Test Circuits

To guarantee a noise margin of 1.0V, all 54C/74C
devices are tested under both conditions. It is
important to note that this guarantees that every
node within a system can have 1.0V of noise, in
logic ““1"”" or logic 0" state, without malfunction-
ing. This could not be guaranteed without testing
for both conditions in Figure 5.
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POWER CONSUMPTION

There are four sources of power consumption.in
CMOS devices: (1) leakage current (2) transient
power due to load capacitance (3) transient power
due to internal capacitance and (4) transient power
due to current spiking during switching.

The first, leakage current, is the easiest to calculate
and is simply the leakage current times Vcc. The
data sheet for each specific device specifies this
leakage current.

The second, transient power due to load capaci-
tance, can be derived from the fact that the energy
stored on a capacitor is 1/2 CV2, Therefore every
time the load capacitance is charged or discharged
this-amount of energy must be provided by the
CMOS device. The energy per cycle is then
2 [(1/2) CVcc?] = CVc2. Energy per unit time,
or power, is then CVgc?2 f, where C is the load
capacitance and f is the frequency.

The third, transient power due to internal capaci-
tance takes exactly the same form as the load
capacitance. Every device has some internal nodal
capacitance which must be charged and discharged.
This then represents another power term which
must be considered.

The fourth, transient power due to switching
current, is caused by the fact that whenever a
CMOS device goes through a- transition, with
Vee > 2 Vg, there is a time when both N-channel
and P-channel devices are both conducting. An
expression for this current is derived in application
note AN-77. The expressionis:

Pvi == (Vec =2 V1) lcecmax (trise + trarl) f

1
2
where:

V+ = threshold voltage

lce(max) = peak non-capacitive current
~during switching

f = frequency

Note that this expression, like the capacitive power
term is directly proportional to frequency. If the
Py, teym is combined with the term arising from
the internal capacitance, a capacitance Cpp may
be defined which closely approximates the no load
power consumption for a CMOS device when used
in the foHowing expression:

Power {no load) = Cpp Vcc? f

The total power consumption is then simplified
to: . )

‘Total Power = (Cpp +Cp) Vec2 f+1, gax Vee (1)

The procedure for obtaining Cpp is to measure
the no load power at Ve =10V vs frequency and
calculate the value of Cpp which corresponds to
the measured power consumption. This value of
Cpp is given on each 54C/74C data sheet and
with equation (1) the computation of power
consumption is straightforward.

To simplify the task even further Figure 6 gives a
graph of normalized power vs frequency for dif-
ferent’ power supply voltages. To obtain actual
power consumption find the normalized power for
a particular Voc and frequency, then multiply
by Cpp + Cp.

NORMALIZED POWER CONSUMPTION PER GATE, uW/pF
(TO OBTAIN ACTUAL POWER MULTIPLY BY Cpp +Cy)

FREQUENCY (Hz)

FIGURE 6. Normalized ‘Typical Power Consumption
vs Frequency

)

As an example let’s find the total power consump-
tion for an MM74C00 operating at f = 100 kHz,
Vee = 10V and C. = 50 pF. From the curve,
normalized power per gate equals 10uW/pF. From °
the data sheet Cpp = 12 pFy therefore, actual
power per gate is:

power 10uwW . 0.62 mwW
——— = —— X (12 pF + 50 pF) = ——
gate pF gate
no. of gates power
total power = ————— —— + Il eakace X Vee
package gate

=4 X 0.62 mW + 0.014A X 10V = 2,48 mW

Up to this point the discussion of power con-
sumption has been limited to simple gate functions.
Power consumption for an MSI function is more
complex but the same technique just derived
applies. To demonstrate the technique let’s com-
pute the total power consumption of a MM74C161,
four bit binary counter, at Vee = 10V, f=1 MHz
and C; =50 pF on each output.

The no load power is still given by P (no load) =
Cpp Vcc? f. This demonstrates the usefulness
of the concept of the internal capacitance, Cpp.
Even through the circuit is very complex and has
many nodes charging and discharging at various
rates, all of the effects can be easily lumped into
one easy to use term, Cpp: .
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Calculation of transient power due to load capaci-
tance is a little more complex since each output
is switched at one half the rate of the previous
output: Taking this into account the complete
expression for power consumption is:

f f
ProtaL =CppVec? f+Cp Vccz'z‘ +Cy Vec? 7

—— — \a—————

no load output - 2nd stage .
power power of
1st stage

f f
+Cy Vec? ‘8‘+ 2C, \_/cczTé*’ I Vee

~

3rd stage 4th stage leakage
& carry term
output

This reduces to:

ProtaL =(Cpp + CL) Vec? f+1 Ve |

From the data sheetCpp = 90 pF and |, = 0.05uA.
Using Figure 6 total power is then:

: 100uW
ProtaL = (90 pF + 50 pF) X F
p

+0.05 X 10€

X 10V =14 mwW

This demonstrates that with more complex devices
the concept of Cpp greatly simplifies the calcula-
tion of total power consumption. It becomes an
easy task to compute power for different voltages
and frequencies by use of Figure 6 and the
equations above.

PROPAGATION DELAY

Propagation delay for all 54C/74C devices ‘is
guaranteed with a load of 50 pF and input rise
and fall times of 20 ns. A 50 pF load was chosen,
instead of 15 pF as in the 4000 series, because it
is representative of loads commonly seen in CMOS
systems. A good rule of thumb, in designing with
CMOS, is to assume 10 pF of interwiring capaci-
tance. Operating at the specified propagation
delay would allow 5 pF fanout for the 4000
. series while 54C/74C has a fanout of 40 pF. A
fanout of 5 pF (one gate input) is all but useless,
and specified propagation delay would most prob-
ably not be realized in an actual system.

Operating at loads other than 50 pF poses a
problem since propagation is a function of load
capacitance. To simplify the problem Figure 7,
has been generated ‘and gives the slope of the
propagation delay vs load capacitance line (At,q/
pF) as a function of power supply voltage. Because

5

Z 18 T
w

= Tt =t =20 ns
= \

E

g u \

g

3

2 \

o

S

5 05

e A

s

I+ P~

H

1

2

4 0. 50 10 15

Vcc — POWER SUPPLY VOLTAGE (V)

FIGURE 7. Typical Propagation Delay per pF of Load
Capacitance vs Power Supply

the propagation delay for zero load capacitance is
not zero and depends on the internal structure of
each device, an offset term must be added that is
unique to a particular device type. Since each
data sheet gives propagation delay for 50 pF the
actual delay for different loads can be computed
with the aid of the following equation:

» Aty
toa = (C~50) pF X —2 + tpq

c.=C

C, =50pF

" where:

C = Actual load capacitance

tod = propagation delay with 50 pF
C, =50 pF load, (specified on each de-
vice data sheet)
Atygy

. = Value obtained from Figure 7.
p

As an example let's compute the propagation
delay for an MM74C00 driving 15 pF load and
operating with a Vgc = 5.0V. The equation
gives:

ns
tod = (15— 50) pFXO.57; +50ns
C_=15pF

=-20ns +50 ns =30 ns

The same formula and curves may be applied to
more complex devices. For example the propaga-
tion delay from data to output for an MM74C157
operating at Vec = 10V and C; = 100 pF is:

= (100 — 50} 0.29 ns + 70 ns
4l ¢, =100 pF

=145+70=85ns
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AN-90 54C/74C FAMILY CHARACTERISTICS

It is significant to note that this equation and
Figure 7 apply to.all 54C/74C devices. This is trué
because of the close match in drive characteristics
of every device including MSI functions, i.e., the
slope of the propagation-delay vs load capacitance
line at a given voltage is typically equal for all
devices. The. only exception is high fan-out buffers
~which have a smaller. Atpd/pF

Another point to consider in the design of a
CMOS system is the affect of power supply
voltage on propagation delay. Figure 8 shows
propagation delay. as a function of Ve and
propagation delay times power consumption vs
Ve for an MM74C00 operating with 50 pF load
at f = 100 kHz.

1y
. - >
CIIP I T O I i M 3
> RREN
< [t =4 =20m T 7
= 1t L
s tpa X PWR 3
B y, g
E ® 4 w
g 1
] \ tod 2
<
s m
g L/ g
ER LA 100 §
8 = H
£ =5 F
! 8
3 LI
8
] 50 10 15 =
Vee (V) 3

) FIGURE 8. Speed Power Product and Propagation Delay

vs Voo

Above Ve = 5.0V note the speed power product
curve approaches a straight line. However the

tog curve starts to “flatten' out.” Going from
50 ;
Vee = 5.0V ‘L - ,]55“3
a0 |Taz 12 c/ Ta=0C__|
IVI T 11
§ 3.0 . Ta = +70°C |
E - > Ta=+125°C
° 20 e
10
0 . 10 20 30 40 50
Vour (V)

(A) Typical Output Drain Characteristic
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LYY A 25.]0
a0
|
20 l

L] 28 4.0 6.0 80 10

Vourm (V)

(A) Typical Output Drain Characteristic
(N-Channel)

FIGURE 10

Veé = 5.0V to Ve, = 10V gives a 40% decrease

_ in propagation delay and -going from V¢e = 10V -

to Ve = 15V only decreases propagation delay
by 25%. Clearly for Ve > 10V a small increase
in speed is gained by a disproportionate increase
in power. Conversely, for small decreases in power
below Ve = 5.0V large increases in propagation
delay result. B ,

Obviously it is optimum to use the lowest voltage
consistent with system speed requirements. How-
ever 'in general it can be seen.from Figure 8 that
the best speed power performance will be obtained
in the Vec = 5.0V to Vee = 10V range.

TEMPERATURE CHARACTERISTICS
Figures 9 and 10 give temperature variations in drain

~ characteristics' for the N-channel and P-channel

devices operating. at Ve = 5.0V and Ve = 10V
respectively. As can be seen from these curves the
output sink and source current decreases as tem-
perature increases. The affect is almost linear and
can be closely approximated by a temperature
coefficient of —0.3% per degree centigrade.

Since the t,q can be éntirely attributed to rise
and fall time, the temperature dependance of
toq is a function of the rate at which the output

h load capacitance can be charged and discharged.

This in turn is a function of the sink/source
current which was shown above to vary as —0.3%
per degree centigrade. Consequently we can say
that t,q varies as —0.3% per degree centigrade.
Actual measurements of toy with temperature
verifies this number.

lo (mA)
=
*
<
o
\\

¢ 10 20 30 40 50
Vourm V)
|
(B). Typical Output Dram Characteristic
(P-Channel)

FIGURE 9

N 1

Bl LI
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-16 TarvE
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(B) fypic;al Output Drain Characteristic
(P-Channel)
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15
T = 126°C
e T, = -56°C
Veg = 15V
LVee =10V e
10
= 1]
2 11
3 1
2 Vec = 5.0V
50
1
11
0 50 10 15
Vin (V)

FIGURE 11. Typical Gate Transfer Characteristics

The drain characteristics of Figure 9 and 10 show
considerable variation with temperature. Examina-
tion of the transfer characteristics of Figure 11

indicates that they are almost independent of.

temperature. The transfer characteristic is not
dependent on temperature because although both
the N-channel and P-channel device characteristics
change with temperature these changes track each
other closely. The proof of this tracking is the
temperature independance of the transfer charac-
teristics. Noise margin and maximum/minimum
logic levels will then not be dependent on
temperature.

As discussed previously power consumption is a
function of Cpp, C, Ve, f and I gakage. All
of these terms are essentially constant with tem-
perature except | _gaxace. However, the leakage
current specified on each 54C/74C device applies
across the entire temperature range and therefore
represents a worst case limit.
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AN-118 CMOS OSCILLATORS

'CMOS OSCILLATORS

INTRODUCTION

This note describes several square wave oscillators that
can be built using CMOS logic elements. These circuits
offer the following advantages:

® Guaranteed startability

Relatively good stability with respect to power supply
variations

® QOperation over a wide supply voltage range (3V to 15V)

® Operation over a wide frequency range from less than
1 Hz to about 15 MHz

= Low power consumption (see AN-90)

® Easy interface to other logic families and elements
including TTL

Several RC oscillators and two crystal controlled oscil-
lators are described. The stability of the RC oscillator
will be sufficient for the bulk of applications; however,
some applications will probably require the stability of
a crystal. Some applications that require a lot of stability
are:

1. Timekeeping over a long interval. A good deal of
stability is required to duplicate the performance of
an ordinary wrist watch (about 12 ppm). This is, of
course, obtainable with a crystal. However, if the
time interval is short and/or the resolution of the
timekeeping device is relatively large, an RC oscillator
may be adequate. For example: if a stopwatch is built
with a resolution of tenths of seconds and the longest
interval of interest is two minutes, then an accuracy
of 1 part in 1200 (2 minutes x 60 seconds/minute x
10 tenth/second) may be acceptable since any error
is less than the resolution of the device.

2. When logic elements are operated near their specified
limits. It may be necessary to maintain clock frequency
accuracy within very tight limits in order to avoid
exceeding the limits of the logic family being used,
or in- which the timing relationships of clock signals
in dynamic MOS memory or shift register systems
must be preserved.

3. Baud rate generators for communications equipment.

Mike Watts
National Semiconductor

4. Any system that must interface with other tightly
specified systems. Particularly those that use a ““hand-
shake’” technique in which Request or Acknowledge
pulses must be of specific widths.

LOGICAL OSCILLATORS

Before describing any specific circuits, a few words about
logical oscillators may clear up some recurring confusion.

" Any odd number of inverting logic gates will oscillate if

they are tied together in a ring as shown in Figure 1.
Many beginning logic designers have discovered this (to
their chagrin) by inadvertently providing such a path in
their designs. However, some people are confused by the
circuit in Figure 1 because they are accustomed to
seeing sinewave oscillators implemented with positive
feedback, or amplifiers with non-inverting gain. Since
the concept of phase shift becomes a little strained when
the inverters remain in their linear region for such a short

.period, it is far more straightforward to analyze the

circuit from the standpoint of ideal switches with finite
propagation delays rather than as amplifiers with 180°
phase shift. It then becomes obvious that a ‘1" chases
itself around the ring and the network oscillates.

N HEN _l
LDO—{>O—-DO—L,>O-1,’O—
[ A

ANY EVEN NUMBER OF
ADDITIONAL GATES

FIGURE 1. Odd Number of Inverters will Always Oscillate

The frequency of oscillation will be determined by the
total propagation delay through the ring and is given by
the following equation.

1
f=
2nTp
Where:
f = frequency of oscillation
Tp = Propagation delay per gate
n = number of gates
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This is not a practical oscillator, of course, but it does
illustrate the maximum frequency at which such an
oscillator will run. All that must be done to make this a
useful oscillator is to slow it down to the desired
frequency. Methods of doing this are described later.

To determine the frequency of oscillation, it is necessary
to examine the propagation delay of the inverters.
CMOS propagation delay depends on supply voltage and
load capacitance. Several curves for propagation delay
for National's 74C line of CMOS gates are reproduced
in Figure 2. From these, the natural frequency of
oscillation of an odd number of gates.can be determined.

An example may be instructive.

Assume the supply voltage is 10V. Since only one input
is driven by each inverter, the load capacitance on each
inverter is at most about 8 pF. Examine the curve in
Figure 2c that is drawn for Vge = 10V and extrapolate
it down to 8 pF. We see that the curve predicts a
propagation delay of about 17 ns. We can then calculate
the frequency of oscillation for three inverters using the
expression mentioned above. Thus:

1

f=—————=98MHz
2x3x17x10°°

Lab work indicates this is low and that something closer
to 16 MHz can be expected. This reflects the conserva-
tive nature of the curves in Figure 2.

Since this frequency is directly controlled by propaga-
tion delays, it will vary a great deal with temperature,
supply voltage, and any external loading, as indicated

’

Propagation Delay vs
Ambient Temperature

Propagation Delay vs )
Ambient Temperature

by the graphs in Figure 2. In order to build a usefully
stable oscillator it is necessary to add passive elements
that determine oscillation frequency and minimize the
effect of CMOS characteristics.

STABLE RC OSCILLATOR

Figure 3 illustrates a useful oscillator made with three
inverters. Actually, any inverting CMOS gate or combina-
tion of gates could be used. This means left over portions

MM74C04 MM74C04 v MM74C04
2

p— Vour

FIGURE 3. Three Gate Oscilaltor

of gate packages can be often used. The duty cycle will
be close to 50% and will oscillate at a frequency that
is given by the following expression.

1

(0.405 R2
2R1IC| ——
R1+ R2

R

+ 0.693)

Another form of this expression is:

1
f=
2C (0.405 Rqq + 0.693 R1)
Where:
R1 R2
Req T e—
R1+ R2

Propagation Delay Time vs
Load Capacitance

PROPAGATION DELAY (ns)

MM54C00/MM74C00, MM54C00/MM74C00, MM54C00/MM74C00,
MM54C02/MM74C02, MM54C02, MM74C02, MM54C02, MM74C02,
MM54C04/MM74C04 MM54C04/MM74C04 MM54C04/MM 74094
100 50 _ 150 .
[ Vo=sov ' ° | Vec-10v z N Ta=25C
SEE AC TEST CIRCUIT SEE AC TEST CIRCUIT w Ve =3.0V SEE AC TEST —|
80 T Z w f—— z ciRcuT |
N : T A L a8
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FIGURE 2. Propagation Delay for 74C Gates
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AN-118 CMOS OSCILLATORS

The following three special cases may be useful.

0.559

IfR1=R2=R - f=~x ——
RC

0.455

If R2>>>R1 for ——
RC

0.722

If R2 <<<R1 fe——r
RC

Figure 4 illustrates the approximate output waveform
and the voltage V, at the charging node.

N
\2 .

GND

Ve b — - — — —T—
Ve

Vour T

ov 3
| o I

FIGURE 4. Waveforms for Oscillator in Figure‘s

Note that the voltage V, will be clamped by input
diodes when V, is greater than Vcc or more negative
than ground. During this portion of the cycle current

will flow through R2. At all other times the only current’

through R2 is a very minimal leakage term. Note also
that as soon as V, passes through threshold (about 50%

of supply) and the input to the last inverter begins to

change, V; will also change in a direction that reinforces
the switching action;, i.e., providing positive feedback.
This further enhances the stability and predictability of
the network. g

This oscillator is fairly insensitive to power supply
variations due largely to the threshold tracking close to
50% of the supply voltage. Just how stable it is wi‘ll be
determined by the frequency of oscillation; the lower
the frequency the more stability and vice versa. This is
because propagation delay and the effect of threshold
shifts comprise a smaller portion of the overall period.
Stability will also be enhanced if R1 is made large
enough to swamp any variations in the CMOS output
resistance.

TWO, GATE OSCILLATOR WILL NOT
NECESSARILY OSCILLATE

A popular oscillator is shown in Figure 5a. The only
undesirable feature of this oscillator is that it may not
oscillate. This is readily demonstrated by letting the value
of C go to zero. The network then degenerates into

Figure 5b, which obviously will ‘not oscillate. This
illustrates that there ‘is some value of C1 that will not
force the network to oscillate.. The real difference
between this two gate oscillator and the three gate
oscillator is that the former must be forced to oscillate
by the capacitor while the three gate network will
always oscillate willingly and is simply siowed down by
the -capacitor. The three gate network will always
oscillate, regardless of the value.of C1 but the two gate
oscillator will not oscillate when C1-is small. -

Mm74c04

MM74C04 MM74C04  MM74C04
< <
> l >
Rl SR _I_ 2] Rl SR
(a) : (b)

FIGURE 5. Less Than Perfect Oscillator

The only advantage the two gate oscillator has over the
three gate oscillator is that it uses one less inverter.
This may or may not be a real concern, depending on the
gate count in each user’s specific application. However,
the next section offers a real minimum parts count
oscillator.

A SINGLE SCHMITT TRIGGER MAKES
AN OSCILLATOR

Figure 6 illustrates an oscillator made from a single

Schmitt trigger. Since' the MM74C14 is a hex Schmitt"

trigger, this oscillator consumes only one sixth of a
package. The remaining 5 gates can be used either as
ordinary inverters like the MM74C04 or their Schmitt
trigger characteristics can be used to advantage in the
normal manner. Assuming these five inverters can be used
elsewhere in the system, Figure 6 must represent the
ultimate in low gate count oscillators. )

1/6 MM74C14
vy p— Vour

L

FIGURE 6. Schmitt Trigger Oscillator

Voltage V. is depicted in Figure 7 and changes between
the two thresholds of the Schmitt trigger. If these
thresholds were constant percentages of V¢ over the
supply voltage range, the oscillator would be insensitive
to variations in Vgc. However, this is not the case. The
thresholds of the Schmitt trigger vary enough to make
the oscillator exhibit a good deal of sensitivity to Vgc.

Applications that do not require extreme stability or
that have access to well regulated supplies should not
be bothered by this sensitivity to Vcc. Variations in
threshold can be expected to run as high as four or five
percent when V¢ varies from 5V to 15V. -
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Vee This oscillator is perfectly stable with respect to power
Veur supply variations as long as the propagation delay does

not get so long that the oscillator cannot keep up with
GND

| the crystal. A typical single inverter will oscillate quite
Vee | readily at 9 MHz, even when V¢ is 3V.

| | I

| —

Vru ] | | |
Vo | | ' A problem that must be addressed at the lower fre-

0 |

L T T

GND + + quencies (below about 4 MHz) is that of overtone

' oscillation. Care must be taken to prevent the crystal
FIGURE 7. Waveforms for Schmitt Trigger Oscillator from oscillating at its third harmonic. This is a problem
in Figure 6 in almost any design, whether or not CMOS is the active

element. The problem is readily handled by simply
increasing the propagation delay through the ring of
A CMOS Crystal Oscillator inverters to a point where the ring will not oscillate at
the harmonic frequency but will continue to oscillate at
the fundamental frequency. Figure 9 illustrates an

Figure 8 illustrates a crystal oscillator that uses only !
acceptable method.

one CMOS inverter as the active element. Any odd

number of inverters may be used, but the total propaga- X . . !

tion delay through the ring limits the highest frequency This network is the same as the one in Figure 8 except

that can be obtained. Obviously, the fewer inverters that -more inverters are used and R2 and C3 have been

that are used, the higher the maximum possible frequency. added to deteflorate the propagation delay as much as
desired. The five inverters not only add delay but also
increase the gain through the loop.

: |L o2 CONCLUSIONS
""D"" l_" A large number of oscillator applications can be imple-
Av::,ﬁ mented with the extremely simple, reliable, inexpensive
and versatile CMOS oscillators described in this note.
DC Vour These oscillators consume very little power compared
1/6 MM74C04 . to most other approaches. Each of the oscillators
requires less than one full package of CMOS inverters of
FIGURE 8. Crystal Oscillator the MM74C04 variety. Frequently such an oscillator can
be built using leftover gates of the MM74C00, MM74C02,
Capacitor C1 will pull the crystal down and C2 will MM74C10 variety. Stability superior to that easily
pull it up. R1 simply insures a dc path around the attainable with TTL oscillators is readily attained,
inverter and will bias it on. R1 may be quite large, on particularly at lower frequencies. These oscillators are
the order of 1-56 megohms. The smaller R1 is, the more so versatile, easy to build, and inexpensive that they
the crystal’s Q will be reduced. should find their way into many diverse designs.
[
|1
1R o
IDI J '__
Ll 1
AN

R2 - .
_DO_WI.DO__DO_.DO_DO___q pe Vour

FIGURE 9. Crystal Oscillator with Overtone Protection
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AN-138 USING THE CMOS DUAL MONOSTABLE MULTIVIBRATOR

NS

Thomas P. Redfern
National Semiconductor

USING THE CMOS DUAL MONOSTABLE MULTIVIBRATOR

INTRODUCTION

The MM54C221/MM74C221 is a dual CMOS monostable
- multivibrator. Each one-shot has three inputs (A, B and

CLR) and two outputs (Q and 6). The output pulse
width is set by an external RC network.

The A and B inputs trigger an output pulse on a negative
or positive input transition respectively. The CLR input
when low resets the one-shot. Once triggered the A and B
inputs have no further control on the output.

THEORY OF OPERATION

Figure 1 shows that in its stable state, the one-shot
clamps Cgxt to ground by turning N1 ON and holds
the positive comparator input at Vce by turning N2
OFF. The prefix N is used to denote N-channel transistors.

The signal, G, gating N2 OFF also gates the comparatof'
OFF thereby keeping the internal power dissipation to
an absolute minimum. The only power dissipation when

in the stable state is that generated by the current .

through Rext. The bulk of this dissipation is in Rgxt
since the voltage drop across N1 is very small for normal
ranges of Rgxr. :

Rext

15,7

' G
Cexr N1 ]:

VVv

Veec O
1 . |
. 146
onp O — A o

To trigger the one-shot the CLR input must be high.
The gating, G, on the comparator is designed such that

-the comparator output is high when the one-shot is in

its stable state. With the CLR input high the clear input
to FF is disabled allowing the flip-flop to respond to the
A or B input. A negative transition on A or a positive
transition on B sets Q to a high state. This in turn gates
N1 OFF, and N2 and the comparator ON.

Gating N2 ON establishes a reference of 0.63 V¢ on
the comparator’s positive input. Since the voltage on
CexT can not change instantaneously V1 = 0V at this

" time. The comparator then will maintain its one level on

the output. Gating N1 OFF allows Cgx to start charging
through Rgyxt toward Ve exponentially.

Assuming a perfect comparator (zero offset and infinite
gain) when the voltage on Cgxt, V1, equals 0.63 V¢
the comparator output will go from a high state to a.
low state resetting Q to a low state. Figure 2 is a timing
diagram summarizing this sequence of events.

This diagram .is idealized by assuming zero rise and fall
times and zero propagation delay but it shows the basic
operation of the one-shot. Also shown is the effect of
taking the CLR input low. Whenever CLR goes low FF

)

e

FIGURE 1. Monostable .Multivibrator Logic Diagram
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FIGURE 2. One-Shot Timing Diagram

is reset independent of all other inputs. Figure 2 also
shows that once triggered, the output is independent of
any transitions on B (or A) until the cycle is complete.

The output pulse width is determined by the following
equation:

V1 = Ve (1 -¢ T/REXT CEXT) = 0.63 V¢ (1)
Solving for t gives:

T = Rext Cexr In (1/0.37) = Rext Cexr )

A word of caution should be given in regards to the
ground connection of the external capacitor (Cgxt).
It should always be connected as shown in Figure 1 to
pin 14 or 6 and never to pin 8. This is important
because of the parasitic resistor R*. Because of the large
discharge current through R*, if the capacitor is con-
nected to pin 8, a four layer diode action can result
causing the circuit to latch and possibly damage itself.

ACCURACY

There are many factors which influence the accuracy of
the one-shot. The most important are:

. Comparator input offset
. Comparator gain
. Comparator time delay
. Voltage divider R1, R2
. Delays in logic elements
ON impedance of N1 and N2
. Leakage of N1
. Leakage of Cgxr
Magnitude of Rgxy and Cext

ST A0 00 oo

The characteristics of Cgxt and Rgxt are, of course,

not determined by the characteristics of the one-shot.

In order to establish the accuracy of the one-shot, devices
were tested using an external resistance of 10 k§2and
various capacitors. A resistance of 10 k2 was chosen

because the leakage and ON impedance of transistor N1
have a minimal effect on accuracy with this value of
resistance.

Two values of Cgxt were chosen, 1000 pF and 0.1uF.
These values give pulse widths of 10us and 1000us with
REXT =10 kQ. :

Figures 3 and 4 show the resulting distributions of pulse
widths at 25°C for various power supply voltages.
Because propagation delays, at the same power supply
voltage, are the same independent of pulse width, the

shorter the pulse width the more the accuracy is

g Ta-25C 1]
= Rexr = 10k +—
§ Cexy = 1000 pF 0% Point pulse width:
o 10 ] AtVee =5V, Ty =106us
s | AtVee =10V, Ty = 10us
g o8 | L vec =5V AtVec =15V, Ty =98us
B Ve =10V -
E 0.6 r sz =15V %rnenqge of units within £4%:
£ AtVec =5V,  90% of units
w 04 At Ve =10V, 95% of units
E B At Ve =15V,  98% of units
T 02
B \!
S ]

5 202 5

OUTPUT PULSE WIDTH (Tw, %)

FIGURE 3. Typical Pulse Width Distribution for 10us Pulse.

g e
& " Rext = 10k )
§ ["Cext = 0.1uF 0% pulse width:
S g AtVec =5V, Ty =1020us
s AtVce =10V, Ty = 1000us
=08 ] ‘ AtVec =15V, Ty = 982us
=
ué 06 Percentage of units within +4%:
& AtVcc =5V,  95% of units
L L Vo= 5V AtVec =10V,  97% of units
2 Vo =10V] At Ve = 15V,  98% of units
E 02 1/ Ve = 15V-
o -

5202 5

OUTPUT PULSE WIDTH (Tw, %)

FIGURE 4. Typical Pulse Width Distribution for 1000us Pulse.
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AN-138 USING THE CMOS DUAL MONOSTABLE MULTIVIBRATOR

affected by propagation delay. Figures 3 and 4 cleaﬂy
show this effect. As pointed out in app}ication note
AN-90, 54C/74C Family Characteristics, propagation

delay is a function of Vcc. Figure 3, (Pulse Width =

10us) shows much greater variation with Ve than
Figure 4 (Pulse Width = 1000us). This same information
is shown in Figures 5 and 6 in a different format. In

8 Pulse Width = 10us-]
Rexr =10k2
g 8 Cexr = 1000 pF ]
£, . (JE .
& 90% —
[y q A
= /4 ave—
B 4|
g ¢ s,
8 -2
]
2
o _4 4
10%
-6
5 A0 15
Vee (V)

FIGUhE 5. Typical Percentage Deviation from
Ve = 10V Value vs Ve (PW = 10us).

8 Pulse Wid =val100us-1
Rexy = 10k92
g Cexr = 0.1uF
« Ta=25C
4 A I
g ———— 0% —]
: 2 NG ‘
g > /o) '
s o
=
8 -2
-
=2
2 4 ey
-6
5 o T s

. Vee (V) )
FIGURE 6. Typical Percentage Deviation from
Vee = 10V Value vs Voe (PW = 1000us).

these figures the percent deviation' from the average
puise width at 10V V¢ is shown vs Vec. In addition
to the average value the 10%and 90% points are' shown.
These percentage points refer to the statistical distribu-
tion of pulse width error. As an example, at Ve = 10V
for 10us pulse width, 90% of the devices have errors of
less than +1.7% and 10% have. errors less than —2.1%.
In other words, 80% have errors between +1.7% and
—2.1%. C

The minimum error can be _obtained by operating
at the maximum V¢c. A price must be paid for this
and this price is, of course, increased power dissipation.

T 11
t— Ta =25°C 225

K - / 200

10k, Cexy =0 pF)
=
8

-
3
H
4
AY

(Rexr
~
8
\
8

TYPICAL MINIMUM PULSE WIDTH (ns)

5 10 15
Vee (V) ©

FléU,RE 7. Typical Minimum Pulse Width and
Power Dissipation vs Vgc.

S
&
(Mw) 31JAD ALNT %0S LY INILYH3I4O S30IS
H108 H1IM NOILYJISSIO 39YNIVd TVL0L TVIIdAL

Figure 7 shows typical power dissipation vs Ve
operating both sides of the one-shot at 50% duty cycle.
Also’shown in the same figure is typical minimum pulse
width vs Vec. The minimum pulse width is a strong
function of internal propagation delays. It is obvious
from these two curves that increasing Vcc beyond 10V
will not appreciably improve inaccuracy due to propa-
gation delay but will greatly increase power dissipation.

Accuracy is also a function of temperature. To determine
the magnitude of its effects the one-shot was tested at

temperature with the external resistance and capacitance

maintained at 256°C. The resulting variation is shown in

Figures 8 and 9.

e 8 !
= 5V -
g ¢ =
&> N T
22 4 PULSE WIDTH = 105
x " I I -
10v

S 0 - - ]
] 15V
Fi=
ES | = —
22
Sk
R

5 2% 125

© Ta — AMBIENT TEMPERATURE (°C)

FIGURE 8. Typical Pulse Width Error vs
Temperature (PW = 10us).

20
£ i
E;;S 15
= 1.0 |-PULSE WIDTH = 1000us
=
g">8 0.5
z
=
ES 0
ws ™~ 10V _| |
3% s
o>
e N
Sin EEl
g -0
~ 3e 15V ||
£
z f145 1Y
55 25 125

Ta - AMBIENT TEMPERATURE (°C)

FIGURE 9. Typical Pulse Width Error vs
Temperature (PW = 1000us).

Up to this point the external timing resistor, Rgxt, has
been held fixed at 10 k2. In actual applications other
values may be necessary to achieve the desired pulse
width. The question then arises as to what effect this
will have on accuracy.

Vee

vit)

FIGURE 10.

As Regxt becomes larger and larger the leakage current

on transistor N1 becomes an ever increasing problem.
The equivalent circuit for this leakage is shown in
Figure 10. ‘
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v(t) is given by:
v(t) = (Voo = I Rexy) (1 — e T/REXT CEXT)
As before, when v(t) = 0.63 V¢, the output will reset.

Solving for t_ gives:

()

Vee ~ I Rexr
tL = Rexr Cext Qn( )

0.37 Vee — I Rext

Using T as defined in Equation 2 the pulse width error is:

PW Error = x 100%

Substituting Equations 2 and 3 gives:

Vee ~ e Rexr !
Rext Cextn (0——)—RExTCExTQn“/0'37)
.37 Vee — I Rexyy

Rext Cexr 20 (1/0.37)

PW Error

PW Error is plotted in Figure 11 for Ve = 5, 10 and
15V. As expected, decreasing Vce causes PW Error to
increase with fixed I,_. Note that the leakage current,
although here assumed to flow through N1, is general
and could also be interpreted as leakage through Cgx.
See MM54C221/MM74C221 data sheet for leakage limits.

100 = i
] Z
< Vee = SVA
g ===
=
o
-
s
a /| Ve = 10V
<« 01
S
o«
£ it
g ’ Vec = 15V ——»-Hg it
oo LI 1 [
0.001 0.01 01 1.0

leakace X Rexr (V)

FIGURE 11. Percentage Pulse Width Error Due to Leakage.

To demonstrate the usefulness of Figure 17 an example
will be most helpful. Let us assume that N1 has a
leakage of 250 x 10™° amps, Cext has leakage of
150 x 1072 amps, output pulse width = 0.1 seconds and
Vee = 5V. What Regxt Cext should be used to
guarantee an error due to leakage of less than 5%.

From Figure 11 we see that to meet these conditions
Rext 1L < 0.14V.

Then:
Rext < 0.14/(250 + 150) x 1072
< 350 k2

Choosing standard component values of 250 k2 and
0.004uF would satisfy the above conditions.

We have just defined the limitation on the-maximum size
of Rext. There is a corresponding limit on the mini-
mum size that Rgxt can assume. This is brought about
because of the finite ON impedance of N1. As Rgx is
made smaller and smaller the amount of voltage across
N1 becomes significant. The voltage across N1 is:

Vn1 = Vee Ton/(Rexr + ron) . @)
The output pulse width is defined by:

v (to) = (Vee — Vng) (1 - e to/REXT CEXT)
+ Vit = 0.63 Ve

Solving for tg gives:
Vee — VN1)

to =R C 2n (
o exT Cext 037 Voo

Puise Width Error is then:

PW Error = x 100%

Substituting Equations 2 and 4 gives:

Vee - VN1)
———F—F——] - R C ¢n (1/0.37)
037 Voo exT LexT

Rext Cext ¢ (1/0.37)

Rext Cext &n (

This function is plotted in Figure 12 for rgy of 5082,
2502 and 16.7€2. These are the typical values of roy for
a Vcc of 5V, 10V and 15V respectively.

As an eéxample, assume that the pulse width error due to
ron Must be less than 0.5% operating at Ve = 5V. The
typical value of rgy for Ve = 5V is 50S2. Referring to

I

ii]
Il
i

s =

P N

2 RSN row = 500

H 1.0

b Hi——

E \\ [Ill(l)l~=25$!4

o

E == ===

E 1 —E i'} 16.7 N

< ENEE ron = 16.7Q2 AN

2, Ol T ORI
1k 10k 100k m

Rexr ()

FIGURE. 12. Percentage Pulse Width Error
Due to Finite rgn of Transistor N1 vs REXT.

the 5052 curve in Figure 12, Rgxt must be greater than
10 k2 to maintain this accuracy. At Ve = 10V, Rext
must be greater than 5 k§2 as can be seen from the 25Q
curve in Figure 12.

Although clearly shown on the MM54C221/MM74C221
data sheet, it is worthwhile, for the sake of clarity, to
point out that the parasitic capacitance between pins
7 (15) and 6 (14) is typically 15 pF. This capacitor is in
parallel with Cegxt and must be taken into account
when accuracy is critical.
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AN-138 USING THE CMOS DUAL MONOSTABLE MULTIVIBRATOR

TYPICAL APPLICATIONS

Vooe = Vee - R1- €1 - Vo =0 FOR 1 > R4/((R3 + R4) (R1 - C1)]

Vo =1FORf <R4/[(R3+ R4) (R1 - C1)]

Vee
3] c2
1 R1 R2
AAA AAA
VW~V 1
A Q1 A a2
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B 8
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Vee
le) 1/4MM74C32
oUTPUT
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>
< <
> > R
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T T "
TRIGGER A B CLR A B CLR
INPUT
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TLOCK ? t ! Jo-L
! O T 1
1/4MM74C32
1 |
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| |
K O + m
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1F
j=—mic1
Vee =3V to 15V
o
RSG QA6
<b
R2 < P L
AAA <& R3 <
W b3 <R8
—— o1 .
R1 1/2MM74c221 7 \
f e AAA~4 + _E_ o FAAA—e Vooe -
1 B 1/4MM74C909 — Vo
— A
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R4 g RS
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N o ~ —
FREQUENCY TO DC CONVERTER LEVEL DETECTOR
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TYPICAL APPLICATIONS (Continued)

Vee
RS
AAA °
VW
A3 \
Vin —AAA—] +
1/4LM324
Ra
VWA ‘I —/<
¢
<
T > R1
S
v v )
A “ $ = V,/RT-C1- Vee
8 -
1 1
i —
P4l T c2 _E'i—'— fuax  1/(R1-C1+2-R5-C2)
Voc =R1-C1-f: V.
Linear VCO
vi
P4 Vee
S 01uF
T ___l
100k
100k 100k o
VWA _ AAA
V
Vee 1NG14 1N914 360
- —\A- 1/4LM320°
100k 100k
2N2906 2N2906 1/4LM326* + 1 A
4 T
0.75 Ve -
_____ -
300k |
H
02 -
= 0.014F |
1
Lu |
*ONLM324 V*=Vee
V™= GND

Analog Multiplier/Divider
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AN-140 CMOS SCHMITT TRIGGER—A UNIQUELY VERSATILE DESIGN COMPONENT

AV

CMOS SCHMITT TRIGGER

Gerald Buurma
National Sémiconductor

A UNIQUELY VERSATILE DESIGN COMPONENT

INTRODUCTION

The Schmitt trigger has found many applications in
numerous circuits, both analog and digital. The versa-

tility of a TTL Schmitt is hampered by its narrow

supply range, limited interface. capability, low input
impedance and unbalanced output characteristics. The
Schmitt trigger could be built from discrete devices to
satisfy a particular parameter, but this is a careful and
sometimes time-consuming design.

The .CMOS Schmitt trigger, which comes six to a
package, uses CMOS characteristics to optimize design
and advance into areas where TTL could not go. These
areas include: interfacing with op amps and transmission
lines, which operate from large split supplies, logic level
conversion, linear operation, and special designs relying
on a CMOS characteristic. The CMQS Schmitt trigger
has the following advantages:

® High impedance input (1028 typical)
® Balanced input and output characteristics
® Thresholds are typically symmetrical to 1/2 V¢
® Qutputs source and sink equal currents
® Qutputs drive to supply rails
® Positive and. negative-going thresholds show low
variation with respect to temperature
® Wide supply range (3—15V), split supplies possible
® |low power consumption, even during transitions
® High noise immunity, 0.70 V¢ typical i

Applications demonstrating how each of. these charac-
teristics can become a design advantage will be given
later in the application note.

INPUT
INPUT O={ srotecTion

’||vcc ,

ANALYZING THE 'CMOS SCHMITT

The input of the Schmitt trigger goes through a standard
input protection and is tied to the gates of four stacked
devices. The upper two are P-channel and the lower two
are N-channel. Transistors P3 and N3 are operating in the
source follower mode and introduce hysteresis by
feeding back the output voltage, out’, to two different
points in the stack.

When the input is at OV, transistors P1 and P2 are ON,
and N1, N2 and P3 are OFF. Since out’ is high, N3'is
ON and acting as a source follower, the drain of N1,
which is the source of N2, is at Voc—Vry. If the input
voltage is ramped up to one threshold above ground
transistor N1 begins to turn ON, N1 and N3 both being
ON form a voltage divider network biasing the source of
N2 at roughly half the supply. When the input is a .
threshold above 1/2 Ve, N2 begins to turn ON and
regenerative switching is about to take over. Any more
voltage on the input causes out’ to drop. When out’ drops,
the source of N3 follows its gate, which is out’, the
influence of N3 in the voltage divider with N1 rapidly
diminishes, bringing out’ down. further yet. Meanwhile
P3 has started to turn ON, its gate being brought low by
the rapidly dropping out’. P3 turning ON brings the
source of P2 low and turns P2 OFF. With P2 OFF, out’
crashes down. The snapping action is due to greater than
unity. loop gain through the stack caused by positive
feedback through-the source follower transistors. When
the input is brought low again an identical process occurs
in the upper portion of the stack and the snapping -
action takes place when the lower threshold is reached.

Vee Vee

Lo

ns |

= J 9  ¢—Oourrur

| pa

Pl

11

FIGURE 1. CMOS Schmitt Trigger
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Out’ is fed into the inverter formed by P4 and N4;
another inverter built with very small devices, P5 and
N5, forms a latch which stabilizes out’. The output is
an inverting buffer capable of sinking 360uA or two
LPTTL loads.

The typical transfer characteristics are shown in Figure
2; the guaranteed trip point range is shown in Figure 3.

WHAT HYSTERESIS CAN DO FOR YOUR

Hysteresis is the difference in response due to the direc-
tion of input change. A noisy signal that traverses the
threshold of a comparator can cause multiple transitions
at the output, if the response time of the comparator is
less than the time between spurious effects. A Schmitt
trigger has two thresholds: any spurious effects must be
greater than the threshold difference to cause multiple
transitions. With a CMOS Schmitt at V¢ = 10V there is

20
- Ve = 15V
2 15 t
§ Vo Vre
5 Ve = 10V Vee =5V
o -
S 1 : v;
st
V.
g T V.
=2
e 5 7
d Vi,
0 5 10 15 20

INPUT VOLTAGE (V)

FIGURE 2. Typical CMOS Transfer Characteristics
for Three Different Supply Voltages.

typically 3.6V of threshold difference, enough hysteresis
to overcome almost any spurious signal on the input.

A comparator is often used to recover information sent
down an unbalanced transmission line. The threshold of
the comparator is placed at one half the signal amplitude
(See Figure 4b). This is doen to prevent slicing level
distortion. If a4us wide signal is sent down a transmission
line a 4us wide signal should be received or signal distor-
tion occurs. |f the comparator has a threshold above half
the signal amplitude, then positive pulses sent are shorter
and negative pulses are lengthened (See Figure 4c). This
is called slicing level distortion. The Schmitt trigger does
have a positive offset, V1., but it also has a negative
offset Vy—. In CMOS these offsets are approximately
symmetrical to half the signal level so a 4us wide pulse
sent is also recovered (see Figure 4d). The recovered
pulse is delayed in time but the length is not changed,
s0 noise immunity is achieved and signal distortion is not
introduced because of threshold offsets.

MM54C14 —55°C TO +125°C
MM74C14 -40°C TO +85°C
*MINIMUM HYSTERESIS
SPREAD (= 0.2 Vec)

S 10
w 9.0
[z}
<
=
]
S 6.0
5 5
g 43
= 30
20 2
07
0
5 10 15
Vee (W)

FIGURE 3. Guaranteed Trip Point Range.

SIGNAL Vre a). Received signal from transmission
Vyn - line with thresholds at different
AMPLITUDE V. amplitudes.
-
1 |
| |
| |
1LEVEL ! ! 1) Recovered signal from comparator
[ | | with threshold Vr,, has multiple
0 LEVEL | transitions.
[ [ [
[ [ [
1LEVEL 1 ) Recovered signal from comparator
| (I | with positive offset on threshold, Vr.,
positive pulse shorten, negative pulse
oLever | | [ lengthen.
[ [ [
(] (I I >
1LEVEL ! d) Recovered signal with CMOS Schmitt
1 | 1 trigger, V. and Vy . Restores true
\ i waveform.
OLEVEL ‘Recovered signal from Schmitt is same
1 (I 11 width as comparator with threshold at
L 4 1 1 L & 1 1 4 1 Vynandisonly delayedin time.
01t 23 456 78 910
TIME (us)

FIGURE 4. CMOS Schmitt Trigger Ignores Noise
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AN-140 CMOS SCHMITT TRIGGER—A UNIQUELY VERSATILE DESIGN COMPONENT

b) By using spht supply (+1.5 to +7.5) direct interface is achieved.

FIGURE 5. Sine to Square Wave Converter with Symmetrical Level Detection.

PV
MVV
Juru

1/6 MM74C14

R
AAA

o Do

D2

t 914

D1
1N914

Vv

Where R1C1 > 1/fmax and R2C2 >> response time of voltmeter —l—

Vour = R2C1.AV where AV = Vee.

FIGURE 6. Diode Dump Tach Accepts aﬁy Input Waveform.

APPLICATIONS OF THE CMOS SCHMITT

Most of the following applications use a CMOS Schmitt
characteristic to either simplify design or increase per-
formance. Some of the applications could not be done
at all with another logic family.

The circuit in Figure 5a is-the familiar sine to square
wave converter. Because of input symmetry the Schmitt
trigger is easily biased to achieve a 50% duty cycle. The
high input impedance simplifies the selection of the bias-
ing resistors and coupling capacitor. Since CMOS has a
wide supply range the Schmiit trigger could be powered
from split supplies (see Figure 5b). This biases the mean
threshold value around zero. and makes dlrect coupling
from an op amp output possible.

In Figure 4, we see a frequency to voltage converter that

" accepts many waveforms with no change in output

voltage. Although the energy in the waveforms are quite

different, it is only the frequency that determines the

output voltage. Since-the output of the CMOS Schmitt
pulls completely to the supply rails, a constant voltage
swing across capacitor C1 causes a current to flow
through the capacitor, dependent only on frequency.
On positive output swings, the current is dumped to

ground through D1. On negative output swings, current

is pulled from the inverting op amp node through D2 and
transformed into an average voltage by R2 and C2.

Since the CMOS Schmitt pulls completely to the supply
rails the voltage change across the capacitor-is just the
supply voltage.
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Schmitt triggers are often used to generate fast transi-
tions when a slowly varying function exceeds a pre-
determined level. In Figure 7, we see a typical circuit, a
light activated switch. The high impedance input of the
CMOS Schmitt trigger ‘makes biasing very easy. Most
photo cells are several k&2 brightly illuminated and a
couple M dark. Since CMOS has a 10'2€2 typical input
impedance, no effects are felt on the input when the
output changes. The selection of the biasing resistor is
just the solution of a voltage divider equation.

A CMOS application note wouldn’t be complete without
a low power application. Figure 8 shows a simple RC
oscillator. With only six R’s and C’s and one Hex CMOS

trigger, six low power oscillators can be built. The square
wave output is approximately 50% duty cycle because of
the balanced input and output characteristics of CMOS.
The output frequency equation assumes that t; = t, >>

todo * tpa1-

We earlier saw how the CMOS Schmitt increased noise
immunity on an unbalanced transmission line. Figure 9
shows an application for a balanced or differential
transmission line. The circuit in Figure 7a is CMOS
EXCLUSIVE OR, the MM74C86, which could also be
built from inverters, and NAND gates. If unbalanced
information is generated on the line by signal crosstalk
or external noise sources, it is recognized as an error.

Vee

o

> ) <
<
IRE
<

E

>\
p—— “OR” CONFIGURATION

>
>
< R

“AND” CONFIGURATION

FIGURE 7. Light Activated Switch couldn’t be Simpler. The Input Voltage Rises as Light Intensity Increases, when V14 is
Reached, the Output will go Low and Remain Low until the Intensity is Reduced Significantly.

1/6 MM74C14

—O fo

Vee  Vre / Wy

INPUT
WAVEFORMS

QUTPUT
WAVEFORMS

l—TI»}TZ—I l 1 '

FIGURE 8. Simplest RC Oscillator? Six R’s and C’s make the CMOS Schmitt into Six Low Power Oscillators. Balanced
Input and Output Characteristics give the Output Frequency a Typically 50% Duty Cycle.

1/3 MM74C14 Schmitt Trigger
.1/6 MM74C04 Inverter

3/4 MM74C00 2-input NAND
1/3 MM74C10 3-input NAND

1/3 MM74C14

1/4 MM74C86
ERROR

AB +AB = Error

Error is detected when transmission line is unbalanced in either direction.

a) Differential Error Detector.

FIGURE 9. Increase Noise Immunity by using the CMOS Schmitt Trigger to D dulate a Bal

Transmitted data appears at F as long as transmission line is balanced,
unbalanced data is ignored and error is detected by above circuit.

h) Differential Line Receiver.

i Tr

Truth Table

A F
NC
0
1
NC

NC = No Change

- 0o - o|®m

0
0
1
1

ion Line.
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AN-140 CMOS SCHMITT TRIGGER—A UNIQUELY VERSATILE DESIGN COMPONENT

The circuit in Figure 9b is a differential line receiver
that recovers balanced transmitted data. but ignores
unbalanced signals by latching up. If both circuits of
Figure 9 were used together, the error detector could
signal the transmitter to stop transmission and the line
receiver would remember the last valid information bit
when unbalanced signals persisted on the line. When
balanced signals are restored, the receiver can pick up
where it left off.

The standard voltage range for CMOS inputs is Vee
+0.3V and ground —0.3V. This is because the input pro-
tection network is diode clamped to the supply rails. Any
input exceeding the supply rails either sources or sinks
a large amount of current through these diodes. Many
times an input voltage range exceeding this is desirable;
for example, transmission lines often operate from 12V
and op amps from 15V, A solution to this problem is
found in the MM74C914. This new device has an uncom-
mon input protection that allows the input signal to go
to 25V above ground, and 25V below V. This means

“that the Schmitt trigger in the sine to square wave

converter, in Figure 5b, could be powered by *1.5V
supplies and still be directly compatlble with an op amp
powered by 15V supplies.

A standard input protection circuit and the new input

protection are shown in Figure 70. The diodes shown
have a 35V breakdown. The input voltage can go positive
until reverse biased D2 breaks down through forward
bias D3, which is 35V above ground. The input voltage
can go negative until reverse biased D1 breaks down
through forward bias D2, which is' 35V below V.
Adequate input protection against static charge is still
maintained.

NORMAL
CMOS

INPUT
PROTECTION

Cmos
“INPUT

CMOS ‘can be linear over a wide voltage range if proper
consideration is paid to the biasing of the inputs. Figure

" 11 shows a simple VCO made with a CMOS. inverter,

acting as an integrator, and a CMOS Schmitt, acting as a
comparator- with hysteresis. The inverter integrates the
positive difference between its threshold and the input

‘voltage V,y. The inverter output ramps up until the

positive threshold of the Schmitt trigger is reached. At
that time, the Schmitt trigger output goes Iow, turning
on the transistor through Rg and speeding up capacitor
C,. Hysteresis keeps the output low until the integrating
capacitor C is discharged through Rp. Resistor Rp
should be kept much smaller than RC to keep.reset time
negligible. The output frequency is given by

Vru ~ Vin
fo = ———
(Vi+ = V1-) Ree-

The frequency dependence with control voltage is given
by the derivative with respect to V,y So,

-1
- Vo) RC,

d fo
dVin

‘(VT+

where the-minus sign indicates that the output frequency
increases as the input is brought further below theinverter
threshold. The maximum output frequency occurs when
VN is at ground and the frequency will decrease as V
is raised up and will finally stop oscillating at the
inverter threshold, approximately 0.55 Vgc.

MM74C914
INPUT
PROTECTION

— ctmos

INPUT
03 i

b)

FIGURE 10. Input Protection Diodes, in a) Normélly Limit the Input Voltage Swing to 0.3V above Vo and 0.3V |

below Ground.

e

. Re A
V|NO—M_"__D0—‘

0<Vin <1/2 Ve

In b) D2 or D1 is Reverse Biased Allowing Input Swings of 26V above G’round or 25V below Vgc.

o= Y=Y
o= — N
{Vg+ = Vs )RcC
Ao . -1
1/6 MM74C04 1/6 MM74C14 "TIN N (Vrs — Vg JRcC
Ro
—AAA
A4

FIGURE 11.. Linear CMOS.
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The pulses from the VCO output are quite narrow’
because the reset time is much smaller than the integra-
tion time. Pulse stretching comes quite naturally to a
Schmitt trigger. A one-shot or pulse stretcher made with
an inverter and Schmitt trigger is shown in Figure 12.
A positive pulse coming into the inverter causes its
output to go low, discharging the capacitor through the
diode D1. The capacitor is rapidly discharged, so the
Schmitt input is brought low and the output goes
positive. Check the size of the capacitor to make sure
that inverter can fully discharge the capacitor in the
input pulse time, or

| c AV AV
SINK INVERTER > ——— + —
AT R

where AV = V¢ for CMOS, and AT is the input pulse
width.

For very narrow pulses, under 100 ns, the capacitor can
be omitted and a large resistor will charge up the CMOS
gate capacitance just like a capacitor.

When the inverter input returns to zero, the blocking
diode prevents the inverter from charging the capacitor
and the resistor must charge it from its supply. When
the input voltage of the Schmitt reaches Vy,, the
Schmitt output will go low sometime after the input
pulse has gone low.

Vee -V CVee _ V,
T=RCUn(u) BE SURE THAT IgnkinverTeR  ——8 + ~C
Voo - Voo t

THE SCHMITT SOLUTION

The Schmitt trigger, built from discrete parts, is a-careful
and sometimes time-consuming design. When introduced
in integrated TTL, a few years ago, many circuit designers
had renewed interest because it was a building block
part. The input characteristics of TTL often make biasing
of the trigger input difficult. The outputs don’t source
as much as they sink, so multivibrators don’t have 50%
duty cycle, and a limited supply range hampers inter-
facing with non 5V parts.

The CMOS Schmitt has a very high input impedance with
thresholds approximately symmetrical to one half the
supply. A high voltage input is available. The outputs
sink and source equal currents and pull directly to the
supply rails.

A wide threshold range, wide supply range, high noise
immunity, low power consumption, and low board
space make the CMOS Schmitt a uniquely versatile
part.

Use the Schmitt trigger for signal conditioning, restora-
tion of levels, discriminating noisy signals, level detecting
with hysteresis, level conversion between logic families,
and many other useful functions.

The CMOS Schmitt is one step closer to making design
limited only by the imagination of the designer.

To=tn+T

R

FIGURE 12. Pulse Stretcher. A CMOS inverter Diséharges a Capacitor,
a Blocking Diode allows Charging through R only. Schmitt Trigger

Output goes Low after the RC Delay.
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MB-18 MM54C/MM74C VOLTAGE TRANSLATION/BUFFERING

John Jorgensen
Thomas P. Redfern
National Semiconductor

MM54C/MM74C VOLTAGE TRANSLATION/BUFFERING

INTRODUCTION

A new series of MM54C/MM74C buffers has been designed
to interface systems operating at different voltage levels.
In addition to performing voltage translation, the
MM54C901/MM74C901 through MM54C904/MM74C904
hex buffers can drive two standard TTL loads at
Vce = 5V. This is an increase of ten times over the two
LpTTL loads that the standard MM54C/MM74C gate can
drive. These new devices greatly increase the flexibility
of the MM54C/MM74C famity when interfacing to other
logic systems.

PMOS TO CMOS INTERFACE

Since most PMOS outputs normally can pull more nega-
tive than ground, the conventional CMOS input diode
clamp from input to ground poses problems. The least
of these is increased power consumption. Even though
the output would be clamped at one diode drop (—0.6V),
all the current that flows comes from the PMOS negative
supply. For TTL compatible PMOS this is —12V. A PMOS

. output designed to drive one TTL load will typically sink

5 mA. The total power per TTL output is then
5 mA x 12V = 60 mW. The second problem is more
serious. Currents of 5 mA ‘or greater from a CMOS
input clamp diode can cause four-layer. diode action on
the CMOS device. This, at best, will totally disrupt
normal circuit operation and, at worst, will cause
catastrophic failure.

To overcome this problem the MM74C903 .and
MM74C904 have been designed with a clamp diode from
inputs to V¢ only. This single diode provides adequate
static discharge protection and, at the same time, allows
voltages of up to —17V on any input. Since there is
essentially no current without the diode, both the high
power dissipation and latch up problems are eliminated.

To demonstrate the above characteristics, Figures 1, 2,
and 3 show typical TTL compatible PMOS circuits
driving standard CMOS with two clamp diodes, TTL
compatible PMOS driving MM74C903/MM74C904, and
the TTL compatible PMOS to CMOS system interface,
respectively.

(+5V)

v

5%?‘

(-12v)

T

TYPICAL PMOS TTL
PUSH-PULL OUTPUT

FoT VL IVL o5

STD CMOS INPUT

FIGURE 1.

TYPICAL PMOS TTL
PUSH-PULL OUTPUT

MM?74C903/MM74C304

FIGURE 2,

PMOS CMOS

NOTE: Vee + Vop <17V
Vee <15V MMS54C303/MM74C303 or
MM54C904/MM74C904

FIGURE 3. PMOS to CMOS or TTL interface
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CMOS TO CMOS OR TTL INTERFACE

When a CMOS system which is operating at Ve = 10V
must provide signals to a CMOS system whose V¢ =5V,
a problem similar to that found in PMOS-to-CMOS inter-
face occurs. That is, current would flow through the
upper input diode of the device operating at the lower
Vce- This current could be in excess of 10 mA on a
typical 74C device, as shown in Figure 4. Again, this will
cause increased power as well as possible four layer diode
action.
Ve
Vee (+5V)
(+10v)

Isounce ~
10 mA (TYP)

1

FIGURE 4.

:—l
LIV

T FLIVL,

CMOS
@Vec=10v

|||—~JT

STD CMOS
@V =5V

cc Vee
(+10V) (mv)

e J—1 h
u

|4.

LI

TFLIV Loz
}..-T

c
@V = 10V
MM74C901/MM74C302
@V =5V

FIGURE 5.
Using the MM74C901 or MM74C902 will eliminate this

problem. This occurs simply because these parts are
designed with the upper diode removed, as shown in

Figure 5. With this diode removed the current being
sourced goes from about 10 mA to the Ieakage current
of the reverse biased input diode. '

Since the MM74C901 and MM74C902 are capable of
driving two standard TTL loads with only normal input
levels, the output can be used to directly drive TTL. With
the example shown, the inputs of the MM74C901 are in
excess of 5V. Therefore, they can drive more than two
TTL loads. In this case the device would drive four loads
with Vyy = 10V. If the MM74C902 were used, the output
drive would not increase with increased input voltage.
This is because the gate of the output n-channel device is
always being driven by an internal inverter whose output
equals that of V¢ of the device.

The example used was for systems of Vcc = 10V on one
system and Ve = 5V on the second, but the MM74C901
and MM74C902 are capable of using any combination of
supplies up to 15V and greater than 3V, as long as Vcc 1
is greater than or equal to Vceo and grounds are
eommon. Figure 6 diagrams this configuration.

Vee
+ +
— Vecr cmos =
~ T
GND GND

\_ MM54C901/MM74C901 or
MM54C902/MM74C902

NOTE: Vecs 2 Vecz
FIGURE 6. CMOS to TTL or CMOS at a Lower V¢c
The inputs on these devices are adequately protected

with the single diode, but, as with all MOS devices,
normal. care in handling should be observed.
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CMOS PACKAGES
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ORDERING INFORMATION

L\1 ORDERING INFORMATION

ORDER TEMPERATURE
NUMBER RANGE
MM74CXXN Molded DIP (N) '~40°C to +85°C
- MM74CXXJ Cavity DIP (J) —-40°C to +85°C
MM54CXXJ Cavity DIP (J) ~55°C to +125°C
MMB4CXXD - Cavity DIP (D) -55°C to +125°C
MM54CXXF Cavity Flat Pack (F) -55°C to +125°C
MMBOCXXN Molded DIP (N) —40°C to +85°C
MM80CXXJ Cavity DIP (J) —-40°C to +85°C
MM70CXXJ Cavity DIP (J) —55°C to +125°C
MM70CXXD Cavity DIP (D) -55°C to +125°C
MM70CXXF Cavity Flat Pack (F) —55°C to +125°C
: RCA
A?S“[:::R EQUIVALENT PACKAGE TEM;i:gTEURE
: DESIGNATION
CD40XXCN CD40XXAE Molded DIP (N) —-40°C to +85°C
CD40XXCJ Cavity DIP (J) —40°C to +85°C
CD40XXMJ CD40XXAF Cavity DIP (J) —55°C to +125°C
CD40XXMD CD40XXAD Cavity DIP (D) -55°C to +125°C
CD40XXMF CD40XXAK Cavity Flat Pack (F) -55°C to +125°C
*CD45XXBCN CD45XXBE Molded DIP (N) —40°C to +85°C .
*CD45XXBCJ Cavity DIP (J) —40°C to +85°C
*CD45X XBMJ CD45XXBF Cavity DIP (J) ~55°C to +125°C
*CD45XXBMD CD45XXBD: Cavity DIP (D) —55°C to +125°C
*CD45XXBMF CD45XXBK Cavity Flat Pack (F) -55°C to +125°C

*Equivalent to Motorola MC145XX Series
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