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MC14521B

24-STAGE FREQUENCY DIVIDER

The MC14521B consists of a chain of 24 flip-flops with an input
circuit that allows three modes of operation. The input will function
as a crystal oscillator, an RC oscillator, or as an input buffer for an
external oscillator. Each flip-flop divides the frequency of the
previous flip-flop by two, consequently this part will count up to
22 = 16,777,216, The count advances on the negative going edge of
the clock. The outputs of the Iast seven-stages are avallable for added
flexibility. ) C

® Al Stages are Resettable
® Reset Disables the RC Oscillator for Low Standby Power Drain

& RC and Crystal Oscillator Qutputs Are Capable of Driving
External Loads

® Test Mode to Reduce Test Time

® Vpp' and Vgg' Pins Brought Out on Crystal Oscillator !nverter
to Allow the Connection of External Resistors for Low-Power
Operation

® Supply Voltage Range = 3.0 Vdcto 18 Vdc

e Capable of Driving Two Low-power TTL Loads or One Low-power

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

D SUFFIX
SOIC
CASE 751B

ORDERING INFORMATION

MC14XXXBCP Plastic
MC14XXXBCL Ceramic

Schottky TTL Load over the Rated Temperature Range. MC1aXXXBD  SOIC
TA = —55°to 125°C for all packages.
PIN ASSIGNMENT
MAXIMUM RATINGS* (Voltages Reterenced to Vgg) : v,
Symbol Paramete Value Unit
ymbo! . r 1 Qza Voo 116
Voo DC Supply Voltage -0.51tc +18.0 A 2 ] Reset azafEm1s
Vin: Vout | Input or Output Veltage (DC or Transient) ~05t0 Vgp +0.5 v 3C—}vss’ Q22114
line lout |nput or Output Current (DC or Transient), par Pin +10 mA 4 ——Out 2 o {13
Pp Power Dissipation, per Packaget 500 mw s —}Vop' Q0] 12
Tgg  |Storage Temperature -65t0 + 150 "C 6—|n2 Q1911
TL Lead Temperature (8-Second Soldeéring) 260 *C 7 C—{Outt aisp—i10
- ! 1 V. !
“Maximum Ratings are those values beyond which damage to the device may occur. 8L 3Vss R e
{Temperature Darating: Plastic “P and D/DW" Packages: - 7.0 mW/C From 65°C To 125°C
Ceramic “L" Packages: - 12 mW/°C From 100°C To 125°C
BLOCK DIAGRAM
Remt
2
Q
ouTPUT COUNT CAPACITY
i - ais 2'® o = 262,144
a19 2" - 524,283
stages Stages azo 2® - 1,048,576
9 liz 1ehru1? [ 18 thru 24 Qz1 22;2 = 2,097,152
n1 Q18 Q19 Q20 021 022 Q23 Q24 Q22 27 = 4,194,304
Vpp = Pin 16 Q23 2® - 8,388,608
Vgg = Ping Q24 2% - 16,777,216
5 4
7 . 3 10 11 12 13 14 15 1
ouwt1 VDD vggr Out2

operation, Vin and Vgut should be constrained to the range Vsg < (Vip or Vout) < VDD

This device contains protection circuitry to guard against damage due to high static voltages ot slectric fields. However, precautions
must be taken to avoid applications of any voltage higher than maximum rated voltages to this high-impedance circuit. For proper

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp). Unused cutputs must be left open.
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MC14521B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss)

25°C

Characteristi symbot | |02 —55°C 125 Unit
aracteristic m -
racter . y Vde Min Max Min Typ # Max Min Max
Output Voltage “C" Level 5.0 — 0.05 — 1 0.05 - 0.05
Vin = Vppor0 VoL 10 —_ 0.05 — 0 0.05 -_ 0.05 Vde
15 -—- | 0.08 — 0 0.05 — 0.05
“1” Level 5.0 4.95 — 4.95 5.0 _ 4.95 —
Vin = 0or Vpp : VoH 10 9.95 — 9.95 10 — 9.95 — Vde
15 | 1495 | — 14.95 15 — | 1495 ] —
Input Voltage “0" Level
{VQ = 4.5 or 0.5 Vdc) Vit 5.0 — 15 — 225 1.5 — 1.5 vde
{VO = 9.0 or 1.0 Vdc) 10 — 3.0 — 4,50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vde) 15 —_ 4.0 _ 6.76 4.0 — 4.0
1" Levet
(Vo = 0.5 or 4.5 vde) Vi 5.0 35 — 3.5 2.75 —_ 35 — Vdc
(Vo = 1.0 or 9.0 Vdc) 10 70 —_ 7.0 5.50 — 70 —
(Vo = 1.5 or 13.5 Vdc) 15 11 - 11 8.25 — 1 —
Qutput Drive Current . loH mAdc
(VOH = 2.5 Vde) Source 5.0 -12 _ ~1.0 -1.7 — -07 _
{VOH = 4.6 Vdc) Pins 4 & 7 50 | -0.25 - -0.2 —-0.38 — -014 | —
(VOH = 95vde) ~ 10 | ~062] — ~0.5 -09 — | -o35| —
(VoH = 135 Vde) 15 | 18| — -15 ~3.5 — | =11 ] —
(VoH = 2.5 Vdc} Source 5.0 -3.0 — -24 —-4.2 — -1.7 — mAdc
(VOH = 4.6 Vdc) Pins 1, 10, 5.0 -0.64 — —0.51 -0.88 — -0.36 —_
(VoH = 9.5 Vde) 11, 12,13, 14 10 -1.6 — -1.3 -225 —_ -0.9 —
(VoH = 13.5 Vdc} and 15 15 -4.2 — -34 -88 - 24| —
(VoL = 0.4 Vdc) Sink oL 5.0 0.64 — 0.51 0.88 - 0.36 — mAde
(VOL = 0.5 Vdc) 10 16 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdg) 15 42 — 3.4 8.8 - 24 —
Input Current _ lin 15 -— +0.1 — +0.00001| *0.1 —_ +£1.0 | pAdc
Input Capacitance — Cin —_ — —_ — 5.0 75 - _— pF
(Vin = 0)
Quiescent Gurrent Ipp 5.0 — 5.0 — 0.005 5.0 — 150 | wAdc
(Per Package) 10 —_ 10 —_ - 0.010 10° —_ 300
L 15 — 20 — 0015 20 - 600
Total Supply Current**+ iT 5.0 IT = (0.42 pAKHZ) | + Ipp rAdc
{Dynamic plus Quiescent, 10 It = (0.85 pA/kHz} £ ¢+ Ipp
Per Package) ) 15 T = (1.40 pAkH2) f + Ipp
(CL = 50 pF on all outpuls, all
buffers switching) O _

#Data labelled "Typ" is not to be used for design purposes but is
intended as an indication of the IC's potentiat performance.

**The formulas given are for the typical characteristics only at 25°C.

17To calculate total supply current at joads other than 50 pF:
H(CL) = 11(50 pF) + (C - 50) Vik
where: IT is in uA (per package), CLinpR V = (Vpp - Vsg) in volts,

fin kHz is input frequency, and k = 0.003.
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MC14521B

SWITCHING CHARACTERISTICS* (CL = 50 pF, Ta ="25°C)

Characteristic Symbo! ‘{,32 Min Typ # Max Unit
Qutput Rise and Fall Time (Counter Outputs) £TLH: tTTHL ns i
tTLH: tTHL = (1.5 ns/pF) CL + 25 ns 50 —_ 100 200
trLH. tTHL = (0.75 ns/pF) G + 125 ns 10 — 50 100
tTLH. fTHL = (0.55 ns/pF) G + 12.5ns 15 — 40 80
Propagation Delay Time 1PHL, tPLH us
Clock to Q18 3 .
tPHL, tPLH = (1.7 ns/pF) CL + 4415 ns 5.0 - 4.5 9.0
tPHL tPLH = (0.66 ns/pF) C|_ + 1667 ns 10 — 1.7 35
tPHL. tPLH = (0.5 ns/pF) C + 1275ns 15 —_ 13 27
Clock to Q24
tPHL. tPLH = (1.7 ns/pF) CL + 5915ns 50 _ 6.0 12
tPHL, tPLH = (0.66 ns/pF) G| + 2467 ns 10 - 22 45
tpHL, tpLH = (0.5 ns/pF) CL + 1675 ns 15 — 1.7 35
Propagation Delay Time tPHL ns
Reset to Qn
tpHL = (1.7 ns/pF) CL + 121518 50 — 1300 2600
tPHL = (0.66 ns/pF) Gt + 467 ns 10 — 500 1000
tpHL = (0.5 ns/pF) Cp + 350 ns 15 — 375 750
Clock Pulse Width WWH(el) 5.0 385 140 - ns
) 10 150 55 —_
15 120 40 -
Clock Pulse Frequency tal 5.0 - 3.5 2.0 MHz
10 —_ 8.0 5.0
15 — 12 6.5
Clock Rise and Fall Time fTLH, TTHL 50 - — 15 us
16 —_ —_— 5.0
15 — _ 4.0
Reset Puise Width tWH(R) 50 1400 700 — ns
10 600 300 —_
15 450 225 —
Reset Removal Time trem 50 30 -200 — ns
10 o] ~ 160 —
15 -40 -110 —

*The formulas given are for the typical characteristics only at 25°C.

#Data labelled “Typ" is not to be used for doesign purposes but is
intended as an indication of the IC's potential performance,

FIGURE 1 ~ POWER DISSIPATION TEST CIRCUIT AND WAVEFORM
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FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Vop
Voo Voo’ . . - o -
—" 20 ns l—~20 ns *' 20 ns
pul Q18[—0— 1 In2
ulse o— ~ -
Generator "2 aglo 1 LI 50% 0%
- Qzo —OﬂLI - 10%
Q21 HLI = twi —QL tTwH A,
Q22 HLI = Fiow
R Q23—0 'jc‘-I = a 50%
Q24 Cr = n 10%
CL I B L
- t 2
T Fuw T e ey
FIGURE 4 ~ TYPICAL DATA FOR CRYSTAL
FIGURE 3 - CRYSTAL OSCILLATOR CIRCUIT OSCILLATOR GIRCUIT

o 500 kiHz | 50 kHz
Voo CHARACTERISTIC CIRCUIT | CIRCUIT | uNIT

Ro Crystal Charactaristics
D'._. b Re Resonant Frequency s00 50 kHz
1.0 6.2 kil

Equivalent Resistance, Rg

:E 18 M Voo Voo External Resistor/Capacitor Values
1 —o—in1 Out1 Ro ;; ;:;o k?
Out 2 g; 20 20 oF
Q18 - .

Frequency Stability
Frequency Changs as & Function
of Vpp (Ta = 25%C)

Vpp Change from 5.0 V to 10 v +6.0 +2.0 ppm
Q22 Vpp Change from 10V to 15 v +2.0 +2.0 pRPM
Q23 F ncy Ch. e as & Function
*Rcs AsCr A aze requency Change as & Fun

of Temperature (VDQ = 10V}
C to +25%C

Ta Change from -55
é"ss Vss' MC 14521 only -4.0 -2.0 ppmM
A Complets Oscillator® +100 +120 ppm
1 Ta Change from +259C 10 +125°¢C

= = MC14521 only ~2.0 -2.0 pPpm

. N . . Cormplete Oscillator* -160 =580 pPpm
Optional for low power operation. -

10k <R < 70kQ * Complete cicillator includes crystal, capacitors, and resistors,
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FIGURE 5 — RC OSCILLATOR STABILITY

FIGURE 6 — RC OSCILLATOR FREQUENCY AS A
FUNCTION OF Ryc AND C

0 T —= 100 1= T =
s Test Circuit E= vpp =10V Test Circuit
Vpp=+ 15V Figure 7 o 50 Figure 7
£ 40 \\ 4 . _ z < fl 1 F
- = f asa function
E [ -:\ 5 20— 1 ot RYc 1
=4 0 e gt = ] E 19 ] |1} (C = 1000 pF) i
> 7;" e a K (Rg ~ 2RTCH
w
> 10V e ———— R S e i T EHH
& 40— pa—— i « g ~
8 B Rt St PR £ g sk
=1 === = ™
2 a9 60y 7] S |pl_Bs= 120k ] ,
£ 2
S 05 T = &
-12 —] -
Ryg = 56 ksl {-—-ns =8,1=10.15kH2 @ Vpp = 10V, Ta =25 0zt
C= 1000 pF l—m==Rg=120k%2, f=78kHz@Vpp = 10V, Ta = 259C
) KT N ) b — = 00k 0 m
Ry, RESISTANCE (OHMS)
Ta, AMBIENT TEMPERATURE (°C), DEVICE ONLY 0.0001 0.001 0.01 0.1
€, CAPACITANCE (uF)
FIGURE 7 — RC OSCILLATOR CIRCUIT FIGURE 8 — FUNCTIONAL TEST CIRCUIT
Rg Ryc p VoD » VDD
AN~ A _— —
~
+VDD'
iIn1 Q18 }—0
Q19 [0
Q20 —0
az21 -0
—0—n2 az22©
Pulse L o
Generator Q23
Q24 O
out1 [0
—0—R  Our2
Vss QVss
FUNCTIONAL TEST SEQUENCE
INPUTS OUTPUTS COMMENTS
Reset | In2 | Out2 { Vgg' [ VpD'|018 thru Q24| Counter is in three 8.stage
3 P ° sections in parallsl mode
. i Vpp | Gnd o Counter is reset. in 2 and
A test function (see Figure 8) has been in- Out 2 are connected together
cluded for thereduction of test time required to o 4 1 First 0" to 1" transition
exercise all 24 counter stages. This test function on ln 2, Out 2 node.
divides the counter into three B-stage sections, ‘13 ? 255 "0';‘0 ""'“:“’li“"!“‘
- are clocked into thisin 2,
and .255 caunts are loaded in each of the 8-stage . _ Out 2 node.
sections in parallel. All flip-flops are now at a - -
logic "1, The counter is now returned to the = -
normat 24-stages in series configuration. One 1 ! 1 :"':5,5"‘ 0T to 1T
. N . r; .
more pulse is entered into input 2 {In 2) which ° ° [ 1 S
will cause the counter to ripple from an all 0 0 Gnd 1
rrgte gt
1" state to anall "0 state. ] R v L ; Counter convected back 0
oo 24-stages in series mods,
1 0 1 Out 2 converts back to an
output.
Counter ripples from an
[s] 1 } o all “*1*" state to an alt
] 0" stage.
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LOGIC DIAGRAM
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Vpp = Pin 16
Vgg * Pin8
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