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FEATURES
» Metastable Immune Characteris-

tics

Propagation delay skew and

output to cutput skew guaranteed

less than 1.5ns

High source current (1, = 15mA)

ideal for clock driver appllcations

Pinout compatible with 74F74

» See 74F50728 for Synchronizing
Cascaded D-Type Flip-Fiop

« See 74F50729 for Synchronizing

Dual D-Type Flip-Fiop with Edge-

Triggered Set and Reset

See 74F50108 for Synchronizing

Dual J-K Positive Edge-Triggered

Flip-Flops

DESCRIPTION

The 74F5074 is a dual positive edge-triggered
D-type flip-flop featuring individual Data,
Clock, Set and Reset inputs; also true and
complementary outputs.

Set (S,_) and Reset (ﬁDn) are asynchronous
active-Low inputs and operate independently
of the Clock (CPn) input. Data must be stable
just one setup time prior to the Low-to-High
transition of the clock for guaranteed propaga-
tion delays.

Clock triggering occurs at a voltage level and

FAST 74F5074

Flip-Flop/ Clock Driver

Synchronizing Dual D-Type Flip-Flop
With Metastable Inmune Characteristics

TYPICAL { TYPICAL SUPPLY CURRENT ‘

TYPE MAX (TOTAL) |

74F5074 120 MHz 20mA ]
ORDERING INFORMATION

COMMERCIAL RANGE ?

PACKAGES Vog = SVE10%; T, = 0°C 1o +70°C ‘

14-Pin Plastic DIP N74F5074N J

14-Pin Plastic SO N74F5074D |

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

74F(UL) | LOADVALUE

PINS DESCRIFTION HGHLOW |  HIGHLOW l

D, D, Data inputs 1.0/0.417 20pA/260uA ﬁ
CP,. CP‘ Clock inputs (active rising edge) 1.0/0.033 20pA20pA
N Set inputs (active Low) 100033 | 20pA20pA |
oo Pl Reset inputs (active Low) 1.0/0,033 20pA/20pA J
Q, 0, 8,4, Data outputs 750/33 15mA/20mA |

NOTE:

One (1.0) FAST Unit Load is defined as: 20yA in the High state and 0.6mA in the Low state.

is not directly related to the transition time of
the positive-going pulse. Following the hold
time interval, data at the Dn input may be
changed without affecting the levels of the
output.

The 74F5074 is designed so that the outputs
can never display a metastable state due to
setup and hold time violations. If setup and
hold times are violated the propagation delays
may be extended beyond the specifications

but the outputs will not glitch or display a
metastable state. Typical metastability para-
meters for the 74F5074 are: = 135ps and

T,=98 X 108 sec where 1 represents a
function of the rate at which a latch in a

metastable state resolves that condition and
To represents a function of the measurement
of the propensity of a latch to enter a metas-
table state.
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Metastable immune Characteristics
Signetics uses the term ‘metastable immune’
to describe characteristics ol some of the
products in its FAST family. Spedifically the
74F50XXX family presently consists of 4 prod-
ucts which display metastable immune char-
acteristics. This term means that the outputs
will not glitch or display an output anomaly
under any circumstances including setup and
hold time violations. This claim is easily veri-
fied on the 74F5074,

Signal D O —Trge
Digital
DuT Scope
Signal hep T — npu

Fig. 1—Test Setup

By running two independent signal generators
(see Fig. 1) at nearly the same frequency (in
this case 10 MHz clock and 10.02 MHz data)
the device-under-test can often be driven
into a metastable state. H the Qoutput is
then used to trigger a digital scope set to
infinite persistence the & output will build a
waveform. An experiment was run by continu-
ously operating the devices in the region
where metastability will occur.

When the device-under-test is a 74F74 (which
was not designed with metastable immune
characteristics) the waveform will appear as in
Fig. 2.

Fig. 2 shows clearty that the O output can vary

in ime with respect to the Q trigger point. This
also implies that the Q or G output wave-
shapes may be distorted. This can be verified
on an analog scope with a charge plate CRT.
Perhaps of even greater interast are the dots
running along the 3.5 volt line in the upper
right hand quadrant. These show that the &
output

did notchange state even though the Q output
glitched to at least 1.5 volts, the trigger point
of the scope. -

Whaen the device-under-test is a metastable
immune part, such as the 74F5074, the wave-
form will appear as in Fig. 3. The 74F5074 O
output will not vary with respect to the Q
trigger point even when the part is driven into
ametastable state. Any tendency towards in-
temal metastability is resolved by Signetics

COMPARISON OF METASTABLE IMMUNE AND NON-IMMUNE CHARACTERISTICS

Volts 2

oL
Time base = 2.00ns/div Trigger level = 1.5 Volts Trigger siope = positive
Fig. 2—74F74 § output triggered by Q output, setup and hold times viclated

3 N
o, \
Volts
1
\\
[ \— f

Time base = 2.00ns/div Trigger level = 1.5 Volts Trigger slope = positive

Fig. 3—74F5074 G output triggered by Q output, setup and hoid times violated
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patented circuitry. if a metastable event oc-
curs within the flop the only outward manifes-
tation of the event will be an increased Clock-
10-Q propagation delay. This propagation
delay is, of course, a function of the metasta-
bility charaeteristics of the part defined by 1
and T,

The metastability characteristics of the
74F5074 and related part types represent
state-of-the art in TTL technology.

After determining the T_ and t of the flop, cal-

culaing the mean time betwseen failures
(MTBF) is simple. Suppose a designer wants
to use the F5074 for synchronizing asynchro-
nous data that is arriving at 10MHz (as meas-
ured by a frequency counter), has a clock fre-
quency of S0MHz , and has decided that he
would like to sample the output of the F5074 10
nanoseconds after the clock edge.

He simply plugs his numbers into the equation
below:

MTBF = & "0/ T 1,

MEAN TIME BETWEEN FAILURES (MTBF) versus t'

10 10® 10" 10"
4 / 101‘
10" / 15
/ y, / 10'a1, 1,
10,000 years o ’ / /
MTB ’o\o / /
in F 100 years » / / / //
1
seconds 4 /
10 / l/ /
one year 4 / / /
e 4 /
108 7 / l//
one week /
7 8 9 10
t' in nanoseconds
Fig. 4 MTBF versus t'for 74F5074 att = 135ps and T =9.8x 10° sec

Typical values for - and T, at various Vs and Temperatures

0°Cc 25°C 70°C
1 TG L] T. T T,
55V |125ps | 1.0x10%sec | 138ps | 5.4x10%ec | 160 ps 1.7 x 10%sec
50V | 115ps | 13x10"%sec | 135ps | 9.8x 10%sec | 167ps 39 x 10%sec
45V |[115p8 | 3.4x10"3sec |.132ps | 5.1x10%ec | 175 ps 7.3 x 10%sec
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In this formula, 'c is the requency of the clock,
f,is the average input event frequency, and t’
is the time after the clock pulse that the output
is sampled ( t'>h, h being the normal propaga-
ton delay). In this situation the f, will be twice
the data frequency or 20MHz because input
events consist of both low and high data tran-
sitions. Multiplying f' by f.. gives an answer of
10'$Hz2, From Fig. 4 itis clear that the MTBF
is greater than 10'® seconds. Using the above
formula the actual MTBF is 1.51 x 10" sec-
onds or about 480 years.
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LOGIC DIAGRAM
Voo opin14 an
GNO =pin 7 Pn
FUNCTION TABLE
INPUTS OUTPUTS €
OPERATING MODE
5, |Fon |CP, | D, | @ G,
L H X X H L Asynchronous Set
H L X X L H Asynchronous Reset
L L X X H H Undetermined®
H H ) h H L Load *1°
H H 1 1 L H Load 0"
H H 1 X NC NC Hold
H = High voliage fevel

h = High voltage level one setup time prior 1o Low-10-High clock transition
L = Low voltage level
| = Low voitage feve! one setup time prior to Low-to-High clock transition

NC =No change from the previous setup

X = Don't care
= Low-to-High clock transition

= Not a Low-to-High dock transition

* = This setup is unstable and will change when either Set or Reset return to

the High level.
ABSOLUTE MAXIMUM RATINGS  (Operation beyond the limits set forth in this table may impair the usefut life of the device.
Unless otherwise noted these limits are over the operating free-air temperature range.)
SYMBOL PARAMETER RATING UNIT
Vcc Supply voltage 05W4+70 v
Vin Input voltage 051 +7.0 v
In Input current -30to +5 mA
Vour Voltage applied to output in High output state 085 *vcc v
lour Current applied to output in Low output state 40 mA
Ta Operating free-air temperature range 010 +70 °C
Ts1a Storage temperature 65 to +150 °C
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RECOMMENDED OPERATING CONDITIONS

UMITS
SYMBOL PARAMETER UNIT
Min Nom Max

Vec Supply voltage 45 5.0 55 v
Vi High-level input voltage 20 v
Vi Low-level input voltage 08 v
I input clamp current -18 mA

Vect10% -12 mA
low High-level output current

Vects% -15 mA
Io'_ Low-level output current 20 mA
Ta Operating free-air temperature range 0 70 °C

DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.)

UMITS
1
SYMBOL PARAMETER TEST CONDITIONS Min | Tye? | Max UNIT
10%V
- Vg =MIN, o = -12mA $10%Vee | 25 v
Vou High-level output voltage z'l' = :AMA':( 5%V 27 3.4 v
H Topy = -15mA 5%V e 20 v
V.. = MIN,
Vau Low-level output voltage Vfc. MAX, L. =MAX 210%Vee 030 /050 | Vv
Vy = MIN o 5%V 030 [ 050 | Vv
v Input clamp voltage Voo =MIN. I =1 073|112 | V
4 Input current at maximum input voltage Voo = MAX, V, = 7.0V 100 | pA
" High-level input current Vcc =MAX, V, =27V 20 HA
I Low-level input t Oy Ve = MAX, V, = 0.5V 2% | wA
i ow-level input current }——o———| = V=0
Py Son Pon 20 | A
los | Short-circuit output current > Vg = MAX 80 150 | mA
lcc | Supply current® (total) Vee = MAX 20 | 30 | mA

NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

2. Ali typical values are at V.. = 5V, TA = 25°C.

3. Not more than one output should be shorted at a time. For testing los, the use of high-speed test apparatus and/or sample-and-hold techniques are preferabie in
order to minimize intemal heating and more accurately reflect operational values. Otherwise, prolonged shorting of a High output may raise the chip temperature
weil above normal and thereby cause invalid readings in other parameter tesis. In any sequence of parameter tests, I°s tests should be performed iast.

4. Measure 'CC with the dlock input grounded and all outputs open, then with Q and T outputs High in turn.
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AC ELECTRICAL CHARACTERISTICS
LIMITS
TA- +25°C T, =0°C to +70°C
VCC =5V ° =5V £10%
SYMBOL PARAMETER TEST CONDITION C = S0pF OSL = 50pF UNIT
Rl. = 5000 HL = 5000
Min Typ Max Min Max
'MAx Maximum clock frequency Waveform 1 105 120 85 MHz
t Propagation delay 20 38 6.0 15 6.5
PLH
i | CP,®0Q 0T Waveform 1 20 | 30 60 | 20 | es n
t Propagation delay 30 45 75 25 8.0
PLH Waveform 2 ns
torL 5. oQ o8 ao 5.0 75 28 80
log Propagation delay Skew'3 Waveform 4 1.0 1.0 ns
tos Output 1o output Skew2 Waveform 4 15 15 ns
NOTE:
1. | gy actual - 1o, actual | for any output.
2. | tpy, BCtial - by, actual | for any output compared 1o any othér output whare N and M are either LH or HL.
3. Skew tmes ase valid only under same test conditions (1emperature, V.., loading, etc.,).
AC SETUP REQUIREMENTS
LMITS
T‘ = +25°C T, =0°Cto +70°C
VOC =85V ° =5V 110%
SYMBOL PARAMETER TEST CONDITION C,_= S0pF OSL « S0pF UNIT
RL = 5000 RL = 500Q
Min Typ Max Min Max
t (H) Setup time, High or Low 15 20
L]
¢ b Dn o Cpn Waveform 1 15 20 ns
(H) Hold time, High or Low 1.0 1.8
z(L) D, o CP, Waveform 1 10 15 ns
g”(H) CP Pulse width, 3.0 3.0
G | High or Low Waveform 1 40 a5 ns
t, (L) 5,0 ROnPulse width, Low Waveform 2 30 40 ns
trec Recovery time
§un o o CPn Wavelform 3 30 35 ne
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AC WAVEFORMS
D, / Ve Spn Yuk—tw— KX vy,
"l'(L)"'"h(L) *1 5 (H) **t y(H) _
W yuax Ron
CcP
n 'ty (H) = Sk — (1) —> r

E— Q,

a, e Upin ten
Vy Vu 3
- n
t (3]
} PHL LN Wavelorm 2.

- Propagation Delay for set and resst to output,
Q, sot and reset pules width

Waveform 1. Propagation Deiay For data 10 output, data
sstup time and hold times, and clock width

Sonor Rp, VY
t .
REC

CPy Vn

Wavelomm 3.
Recovery time for set or reset to clock

NOTE: For all wavelorms, V,, = 1.5V.
The shaded areas indicate when the input is permitied 10 change for predictable output performance.

Q,Q, m
tpy
9,9, M

{ NOTE: * 1" ol 10p wavefarm s squal 1o~ | * of botiom wavetorm )

>Ef "

tos

Y
Waveform 4.

Propagation delay skew snd output 10 output skew

Q. Oy

Qn, O

TEST CIRCUIT AND WAVEFORMS

Vec

PULSE
GENERATOR

Test Circult For Totem-Pole Outputs

DEFINITIONS

RL = Load resistor; see AC CHARACTERISTICS for value.

CL = Load capacitance includes jig and probe capacitance;
see AC CHARACTERISTICS for value.

RT = Termination resistance should be equal to ZOUT of
pulse generators.

ry ! t w — Y MM
NEGATIVE Va Y
Pse 0% 0% ov
L— Tty 4 L— )
tnutt) |" oty
0% 0% A 0
POSITIVE v v
PULBE " -
10% 10%
I tw \ ov
VM = 1.5V
Input Pulse Definition
INPUT PULSE REQUIREMENTS
FAMILY
Amplitude | Rep.Rate YWl Y [
74F 3.0V 1MHz 500ns | 2.5ns | 2.5ns
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