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MC14516B

BINARY UP/DOWN COUNTER

The MC145168 synchronous up/down binary counter is constructed
with MOS P-channel and N-channel enhancement mode devices in a
monolithic structure.

This counter can be preset by applying the desired vaiue, in binary,
to the Preset inputs (PO, P1, P2, P3} and then bringing the Preset
Enable {PE) high. The direction of counting is controlled by applying a
high (for up counting) or a low (for down counting) to the UP/DOWN
input. The state of the counter changes on the positive transition of
the clock input.

Cascading can be accomplished by connecting the Tarry Out to the
Carry In of the next stage while clocking each counter in parallel. The
outputs {Q0, Q1, Q2, Q3) can be reset to a low state by applying a
high to the reset (R) pin.

This CMOS counter finds primary use in up/down and difference
counting. Other applications include: (1) Frequency synthesizer appli-
cations where low power dissipation and/or high noise immunity is de-
sired, (2} Analog-to-digital and digital-to-analog conversions,
and (3} Magnitude and sign generation.
® Diode Protection on All Inputs
® Supply Vohtage Range = 3.0 Vdc to 18 Vde
® internally Synchronous for High Speed
L J

Logic Edge-Clocked Design — Count Occurs on Positive Going
Edge of Clock

Single Pin Reset
Asynchronous Preset Enabie Operation

® Capable of Driving Two Low-Power TTL Loads or One Low-Power
Schotiky Load Over the Rated Temperature Range

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

D SUFFIX
SOIC
CASE 751B

ORDERING INFORMATION

MC14XXXBCP Plastic
MC14XXXBCL Ceramic
MC14XXXBD SOIC

Ta = -55to 125°C for all packages,

MAXIMUM RATINGS* (Voltages Refarenced to Vgs)

BLOCK DIAGRAM

X = Don't Care

Note: When counting up, the Carry Out signal is normally high and is low only when
QO through Q3 are high and Carry in is low. When counting down, 5an'y Qutis
low only when QG through Q3 and Carry In are low.

8ymbol Parameter Velue Unit
1 PE Qop—o0 8
Vpp DC Supply Voitage -0.5% +18.0 v —
5 o— Carry In
Vin: Vout]input or Output Voltage (DC or Transient) ~-8.510 Vpp +0.5 v g Resst ai o 11
lins fout |Input or Output Current (DC or Transient}, per Pin +10 mA 16 o——1 Up/Down
P Power Dissipation, per Packaget 5§00 mw 15 Owe—i Clock Qep——0 14
Tﬂg {Storage Temperature -85 10 + 150 °C 4 o—Po
T Lead Temperature (8-Second Soldering) 250 °c 1Z2o—Pi qaf—o2
“Maximum Ratings ase those values beyond which damage to the device may occur. 130 P2 Sarry
fTemperature Derating: Plastic "P and D/DW” Packages: - 7.0 mW~C From 65°C To 125°C 30— P2 Ut § @7
Caramic "L” Packages: - 12 mW/"C From 100°C To 125°C
Vpp = Pin 16
TRUTH TABLE Vgg = Pin 8
Presst
Carry In Up/Down Enabie Reset Cilock Action
1 X 1] Q X No Count
This device contalns protection clreuitry to
g 1 s o - Count Up guard against damage due to high static
0 0 o o _— | count Down voltages or electric fields. However, precau-
tions must be taken to avold applications of
X X 1 o X Praset any voltage higher than maximum ratsd
voltages to this high-impedance circuit. For
X X X i X Reset proper operation, Vin and Vgt should be

constrained to the range Vgs = (Vi or
Vout! < Vpp.

Unused inputs must always be tied to an ap-
propriate logic voltage level {a.g., either Vgs
or Vpp}. Unused outputs must be left open.
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MC14516B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

i VoD -55°C 25°C 125°C 5
Characteristic Symbol | ydc — - - Unit
Min Max Min Typ # Max Min Max
Culput Voltage “Q" Level 50 —_ 0.05 - ¢ 0.05 - 0.05
Vin = Vppor 0 VoL 10 — 0.05 - 0 .05 — 0.05 | Vdc
15 — 0.05 - o 0.05 — 0.08
1" Level 5.0 4.95 — 4,95 5.0 — 495 -
Vin = G or Vpp VOH W | 995 - 9.95 10 — 995 | — Vde
15 14.95 — 14.85 15 —_ 14.95 —
input Yoltage “0" Level
{¥go = 4.5 0r 0.5 Vdc} v 50 -— 15 — 2.25 1.5 — 15 vdc
(VO = 9.0 or 1.0 Vdc} it 10 — 3.0 — 4.50 30 — 3.0
(Vo = 13.5 or 1.5 Vdc} 15 —_— 4.0 —_ 8.75 4.0 —_ 4.0
"1" Leve}
{¥p = 0.5 or 4.5 Vdc) 5.0 3.5 — 3.5 2.75 — 35 —_
{VQ = 1.0 or 9.0 Vdc) ViH 10 | 70 — 7.0 550 — 70| — |V
{¥p = 1.5 0r 13.5 Vdc} 15 11 —_ 11 8.25 _ 11 —_
Qutput Drive Current
(VoH = 2.5 Vdc} Source 5.0 ~3.0 — -24 ~42 — -17 —
(VOH = 4.6 vdc) 1oH 50 | 084 — -051 | -088 — | -038{ — |mAdc
(Vou = 9.5 vdc) o | 16| — -13 | -225 - -09 | —
(Mop = 13.5 Vdo) 5 | ~42 | -— ~-3.4 ~88 — -24f —
(VoL = 0.4 Vde) Sink 5.0 0.64 — 0.51 0.88 — 0.38 —
(VoL = 0.5 Vido) oL 10 16 — 13 225 — 0.9 — | mAde
VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 2.4 —
Input Current lin 15 — =01 — +0.00001] =01 — £1.0 | nAde
Input Capacitance Cin — — —_ — 50 75 — — pF
Vin = 0}
Quiescent Cumrent DD 5.0 — 5.0 - 0.005 5.0 - 150 | pAde
{Per Package) 10 —_ 10 — 0.010 10 — 300
i5 — 20 - 0.015 20 — €00
Total Supply Current™t T 5.0 It = (0.58 pAKH2) f + Ipp pAde
{Dynamic plus Quiescent, 10 bt = (1.20 pAKHZ) | + Ipp
Per Package} 15 It = {170 pAKBZ) F + DD
{Cp = 50 pF on all outputs, all
buffers switching)

#Data labelled 'Typ” is not fo be used for design purposes but is
intended as an indication of the IC's potential performance.

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

1
$To calculate total supply current at loads other than 50 pF: ‘2 :
IH{CL) = T{50 pF) + {Cp — 50} Vik 3 =
where: I7 is in uA {per package), Cp in pF, V = (Vpp — Vag) in vols,
f in kHz is input frequency, and kK = 0.001. 4
5 3
6 —
)
8 =

PIN ASSIGNMENT
S

PE Vpo D 18
Q3 cE= 15
P3 Q2> 14
PO Pz 13
Sy in Pt 12
Qo a1 F 11
Tarry Dut W/pDpf—43 10
Vss RI—9
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MC14516B

SWITCHING CHARACTERISTICS* {CL =50 pF, T4 =25°C)

All Types
Characteristic Symbol Vpp Min Typ # Max Unit
Output Rise and Fall Time : TLH, ns
ITLH, tyHL=(1.5 ns/pF) Cp +25 ns VTHL 5.0 — 100 200
TLH. tTTHL={0.75 ns/pF) G| + 12.5 ns 10 —_ 50 100
TLH: YTHL ={0.55 ns/pF) C_+9.5 ns 18 - 40 80
Propagation Delay Time :pLH' ns
Clock to Q PHL
tPLHL tPHL = (1.7 ns/pF} G + 230 ns 5.0 — 315 630
tPLH, tPHL = (0.68 ns/pF) G, + 97 ns 10 — 130 260
tPLH: tPHL = (0.5 ns/pF} G + 75 ns 15 — 160 200
Clock to Carry Out oLy, ns
tPLH, tPHL = {1.7 N&/pF) Oy + 230 ns tPHL 5.0 - 315 630
tPLH tPHL = {0.86 ns/pF) C) + 97 ns 10 — 130 260
tPLHs tPHL = (0.5 ns/pF) Cy + 75 ns 15 —_ 100 200
Carry in to Carry Out tPLy, ns
tPLih tpHL = (1.7 nsipF) Cp + 230 ns tPHL 5.0 - 180 380
teLH, tpHL = (0.66 ns/pF) C + 97 ns 10 - 80 160
tpLHs tPHL = (0.5 na/pF) G + 75 ns 15 — 80 120
Preset or Reset 1o Q Ly, ns
'PLH tPHL = {1.7 nsipF) C| + 230 ns tPHL 5.0 —_ 18 €30
PLH: tPHL = [0.66 ns/pF)y ) + 97 ns 10 - 130 380
tPLH, tpHL = (0.5 ns/pF) Cy + 75 ns 15 — 100 200
Presst or Reset 1o Carry Out IpLH, ns
oL, pHE = {1.7 ns/pF) C_ + 465 ns tpHL 5.0 — 550 1100
tpLH, tpHL = {0.66 ns/pF) C| + 192 ns 10 —_ 225 450
tPLH tPHL = (0.5 ns/pF) Cy + 125 ns 15 _ 150 300
Reset Pulse Widlh 1™ 5.0 380 180 — ns
10 200 100 —_
i5 160 80 -
Clack Pulse Width WH 5.0 350 200 — ns
10 170 100 -
15 140 75 _—
Clock Pulse Frequency fo) 5.0 — 3.0 1.5 MHz
10 — 8.0 3.0
18 — 8.0 4.0
Preset or Reset Removal Time trem 5.0 850 325 — ns
The Preset or Reset signal must be low prior to a 10 230 115 —
positive-going transition of the clock, 15 180 90 -
e Ciock Rise and Fall Time tTeH 5.0 - —_ 15 RS
THL 10 - - 5
5| e —
Setup Time tsu 5.0 260 130 - ns
- Carry In to Clock 10 120 80 _
15 100 50 —
Hold Time i 5.0 o ~&0 — ns
Clock to Carry in 10 20 -20 —_—
15 20 Q —_—
Setup Time sy 5.0 500 250 — ns
Up/Down to Clock 10 200 100 _
18 150 75 -
Hoid Time th 5.0 -7 - 1860 — ns
Clock to Up/Down 10 ~10 - 80 —_
18 Q - 40 -
Satup Time tsy 5.0 -40 -120 - ns
Pn to PE 10 -30 -70 -
15 -25 - 50 -—
Hold Time th 5.0 480 240 - ns
PE to Pn 10 420 210 -
15 420 210 —
Freset Enable Pulss Widih WH 5.0 200 100 — ns
10 100 50 _
15 80 40 -

"The formulas given sro for the typical characteristics only at 25°C,

#Data |absiled "Typ" is not to be used for design purposes but is
intended as an indication of the IC’s potential performancs.
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MC14516B

FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

?VDD
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500 pF o .Lo.m uF
Ceramic
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LOGIC DIAGRAM
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MC14516B

FIGURE 2 — SWITCHING TIME WAVEFORMS
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PIN DESCRIPTIONS

INPUTS CONTROLS

PO, P1, P2, P3, Preset Inputs (Pins 4, 12, 13, 3) —
Data on these inputs is loaded into the counter when PE is
taken high.

arry In, (Pin 5) — This active-low input is used when

cascading stages. Carry i is usually connected to Carry
Out of the previous stage. While high, Clock is inhibited.

Clock, {(Pin 15} — Binary dala is incremented or
decremented, depending on the direction of count, on the
positive transition of this input.

PE, Preset Enable, (Pin 1) — Asynchronously loads
data on the Preset Inputs. This pin is active high and in-
hibits the clock when high.

R, Reset, (Pin 9) — Asynchronously resets the Q out-
puts to a Iow state, This pin is active high and inhibits the
clock when high.

Up/Down, (Pin 10) — Conlrols the direction of count,
high for up count, low for down count.

SUPPLY PINS
OUTPUTS
Vgs, Negative Supply Voltage, (Pin 8) — This pin

Qo, @1, @2, @3, Binary outputs {(Pins 6,11, 14,2) —
Binary dala is present on these outputs with 00 corre-
sponding to the least significant bit.

arr ut, (Pin 7) — Used when cascading stages,
Carry gut is usually connected to arry In of the next

stage. This synchronous output is active low and may also
be used to indicate terminal count.

is usually connected to ground.

Vpp. Positive Supply Volitage, {Pin 16) — This pin
is connected to a positive supply voltage ranging from 3.0
volts to 18.0 volts.
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FIGURE 3 — PRESETTABLE CASCADED 8-BIT UP/DOWN COUNTER

MC14516B

at Q2 Q3 Q4 Qs Q6 Q7
Preset | l
Enabls
¢ = Count Qt Q2 Qs P(élo Q1 Q2 Q3’
1= Preset [— .
to‘u' " Cin m Terminal Count
-E_ L.8.0. Clock M.5.0. Indicator
T=Up MC145168 B MC145168
0= Down n
— i
P1 P2 P3 PO P1 P2 P3
HIV;_I%WVV&_JMA:L wwg IW\:]__ vw;_ VVV:;‘_
i P1 , P2 , P3? P4 , PS i PE i P,
l*voo l+voo
Thumbwhee! Switchss
{Open for "0 Raesistors = 10 kil
Ch =
‘:cb Reset
oD —4 %

QOpen = Count

Lw—
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Note: The Least Significant Digit (L.5.D.} counts from a preset value once Preset Enable {PE) goes low.
The Most Significant Digit (M.S.D.) is disabled while Tjy is high. When the count of the L.S.D. reaches 0
(count down mode) or reaches 15 (count up mode), Tqpt goes low for one complete clock cycle, thus
allowing the next counter to decrementfincrement one count. (See Timing Diagram) The L.5.D. now
counts through another cycle (15 clock pulses) and the above cycle is repeatsd.
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MC14516B

FIGURE 4 — PROGRAMMABLE CASCADED FREQUENCY DIVIDER

fout

\V4

ac a1 a2 Buffer

Qa3
T
i

Q4 Qs Qs Qr

I

Qo Q1 Q2 Q3

PE Liee
i 1Cin Sout Cin Eout
= Clack L$.D. ——Clock M.s.0.
MC145168 MC14518B
[ U/D
— e Lad
- Po___ Pl P2
fFal F1 PZ
1
Vv
Thumbwh. DCDS itch Voo
Clock {f; umbwhes! Switches
ock Hin} {Opan for “0") Rasistors = 10k
Reset

fin
four ™ o
Open = Count

Note: The programmable frequency divider can be set by applying the desired divide ratio, in binary, to the preset inputs.
For example, the maximum divide ratio of 255 may be obtained by applying 2 1111 1111 to the preset inputs PO to P7. For

this divide operation, both counters should be configured in the count down mode. The divide ratio of zero is an undefined
state and should be avoided.

6-287



L SUFFIX
CERAMIC
CASE 820
DUAL 64-BIT STATIC SHIFT REGISTER
The MC14517B dual 64-bit static shift register consists of two
identical, independent, 84-bit registers. Each register has separate
ciock and write enable inputs, as well as outputs at bits 16, 32, 48,
and 64. Data at the data input is entered by clocking, regardliess P SUFFIX
of the state of the write enable input. An output is disabled {open PLASTIC
circuited) when the write enable input is high, During this time, CASE 648
data appearing at the data input as well as the 16-bit, 32-bit, and
48-bit 1aps may be entered into the device by application of a clock
pulse. This feature permits the register to be loaded with 64 bits in
16 clock periods, and also permits bus logic to be used. This device
is useful in time delay circuits, temporary memory storage circuits, DW SUFFIX
and other serial shift register applications. 16 « SOIC
® Diode Protection on All Inputs : CASE 751G
® Fuliy Static Operation
® Output Transitions Occur on the Rising Edge of the Clock Pulse
® Exceedingly Slow input Transition Rates May Be Applied to the ORDERING INFORMATION
Cilock Input MC14XXXBCP Plastic
® 3-State Output at 64th-Bit Allows Use in Bus Logic Applications MC14XXXBCL  Ceramic
® Shift Registers of any Length may be Fully Loaded with 16 MC14XXXBDW SOIC
Clock Pulses Ta = -55"to 125°C for all packages.
® Supply Voltage Range = 3.0 Vdc to 18 Vdc
® Capable of Driving Two Low-power TTL Loads or One Low-power
Schottky TTL Load Over the Rated Temperature Range
PIN ASSIGNMENT
MAXIMUM RATINGS {Voltages refersnced to Vss!
NS
Symbol Paramster Value Unit 1 ate, Vpp 3 16
Vpp  [DC Supply Voltage -0.5 0 +18.0 v 2 cjass, atsgF= 15
Vin, Vout | Input or Ouiput Voltage (DC or Transient) -0.510 Vpp +0.5 v 3 CwE, Qasg— 14
Yin: lout | Input or Output Current (DC or Transient), per Pin %10 mA 4 C3cy WEg 13
Pp Power Dissipation, per Packaget 500 mw 5 LS a4, Ccgf—=12
Tt Storage Temperature -85 10 + 150 °C § Q324 Qcag— 1
7 —1 10
TL Lead Temperaturs (B-Second Soldering} 260 °C s 3“ a32g o
[}
“Maximum Ratings are those values beyond which damage to the device may occur, ss 8
TTemperalure Dorating: Plastic "P and B/DW" Packages: - 7.0 mWrC Fram 65°C To 125°C
Ceramic "L" Packages: - 12 mW/C From 100°C To 125°C
WRITE
CLOCK JENABLE DATA 16-BI7 TAP 32-BIT TAP 48.BIT TAP 84-BIT TAP
o x Content of 16-Bit | Content of 32.Bit | C of48-Bit | C t of 64-Bit
Displaysd Displayed Dispisyed Disglayed
1 X High | High Impad High Impsd High 1
Content of 16-Bit | Content of 32-Bit | Content of 48-Bit | Content of 54-Bit
FUNCTIONAL ! ¢ * Displayed Dispisyad Displaysd Displaved
TRUTH TABLE 1 1 X High Imped High imped. High | High Imped
Ve ¢ Datsentered| Content of 16-Bit | Content of 32-Bit} C of 48-8it | C of 54-Bj1
into ist Bit Displayesd Displayed Displayed Displaysd
Dats sntersd Dsta ot tap Dats at tep Date at tap
il ! | int0 152 Bit |antered into 17-Bit| entered Into 93-Bit] entered o sp.gir| HISh Impedance
-~ o x Content of 18-Bit | Content of 32-Bit| C of 48-8it | © of 64-Bit
Displayesd Displayed Displaysd Cisplaynsd
“~ 1 X RHigh { High Imped High High 1
X = Don't Care
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MC14517B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

#Data labelled “Typ™ is not fo be used for design purposes but is
intended as an indication of the !C’s potential performance.

**The formulas given are Jor the typical characteristics enly at 25°C.

1To calculate total supply current at loads other than 50 pF:
IT{CL) = I7(50 pF) + (CL - 50) Vi

where: ITis in 1A (per package}, Cp in pF V = {Vpp - Vss) in volts,

fin kHz is input frequency, and k = 0.004

6-289

Characteristi Symbol | \02 -55%C 5 1257 Unit
aracteristic mbo!
' ¥ Vde Min Max Min Typ # Max Min Max
Output Voltage 0" Level 5.0 — 0.05 — 0 005 | — | 005
Vin = Vpp or 0 VoL 10 — 0.05 — 0 0.05 — 005 | Vdc
15 - 0.05 — Q 0.05 - 0.05
*1” Level 5.0 4.95 - 4.95 5.0 — 4.95 -
Vin = Oor Vpp VoH 10 8.95 — 9.95 10 —_ 995 - vde
15 14.95 — 14.95 15 —_ 14.95 -
input Voltage “0" Level
Vo = 4.5 or 0.5 Vdc) . v, 5.0 —_ 15 — 2.25 15 — 15 vde
Vo = 9.0 or 1.0 Vdo) ® 10 — 3.0 — 450 3o | — | 30
(Mo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 40
“1" Level
{¥p = 0.5 0or 4.5 Vdc} v 50 3.5 — 3.5 275 —_ 35 — Vide
{Vp = 1.0 or 9.0 Vdc) 1H 10 7.0 — 7.0 550 - 7.0 _
(Vo = 1.5 or 13.5 Vdc) 15 11 —_ ih 8.25 — 13 _
QOutput Drive Current .
(MoH = 2.5 Vdc) Source 5.0 -390 — -24 -4.2 — -1.7 —
{(VoR = 4.6 Vdo) 1oH 50 -0.64 _ -0.51 -0.88 —_ ~-0.36 —_ mAde
{(VoH = 9.5 Vdo) 10 -1.6 — -13 -225 —_— -0.9 —
{VpH = 13.5 Vdo) 15 -4.2 — ~3.4 -88 — -24 —
(VoL = 0.4 Vde} Sink 50 0.654 -_ .51 0.88 -— 038 -
(VoL = 0.5 vdc} oL 10 1.6 - 13 2.25 — 0.9 — | mAde
(VoL = 1.5 Vde} 15 42 —_ 3.4 8.8 — 2.4 —
Input Current lin 15 — *0.1 - +0.00001| +0.1 — +1.0 | pAde
Input Capacitance Cin — —_ - —_ 5.0 75 —_ - pF
(Vin_ = 0}
Quiescent Current oD 5.0 _— 5.0 — 0.005 50 _ 150 | pAde
{Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — G.015 20 — 600
Tatal Supply Current**$ It 5.0 IT = {42 pAKHZ) T + DD whde
{Dynamic plus Quiescent, 10 IT = (8.8 pAKHZ) t + Ipp
Per Package) 15 = {13.7 pA/kHz} | + Ipp
{CL = 50 pF on all outputs, al!
buffers switching)
Three-State Leakage Current L 15 | — | =00 | — ]=000001] =03 | — | £30 | pAde

This device contains protection circuilry to
guard against damage due to high static
voltages or elsctric fieids. However, precau-
tions must be taken o avoid applications of
any voitage higher than maximum rated
voltages to this high-impedance circuit. For
proper operation, Vi, and Vgt should be
constralned to the range Vgg = (Vjy or
Yout} < VpD-

Unused inputs must always be tied to an ap-
propriate logic voltage level (e.g., either Vgg
or Vpp). Unused outputs must be ieft open.




MC14517B

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

Ch Symbol Vop Min Typ # Max Unit
Qutput Rise and Fall Time TLR. TTHL ns
TTLH: STHL = (1.5 ns/pF) G + 25 s 5.0 — 100 200
TLH tTHL = (0.75 nsipF) O, + 12508 10 — 50 100
TLH: tTHL = {(0.55nspF} C| + 8.5ns 15 — 40 80
Propagation Delay Time tPLH: tPHL ns
tPLH: tPHL = (1.7 ns/pFY CL + 390 ns 5.0 — 475 770
tPLR. tPHL = {0.66 ns'pF) CL + 177 ns 10 — 210 00
PPLH tPHL = {05 nsipF} Cp + 115ns 15 - 140 215
Clock Pulse Width WH 5.0 30 170 — ns
10 125 75 —_
15 100 €0 —
Clock Pulse Frequency fei 5.0 — a0 1.5 MHz
i0 — 8.7 4.0
15 — 8.3 53
Clock Pulse Rise and Fall Time TLH, STHL 50 —
10 **See Note
15
Data to Clock Setup Time tsy 5.0 8 —40 — ns
10 10 -15 —
15 15 Q —
Data to Clock Hold Time Ih 50 150 75 —_ ns
10 75 25 -
15 35 10 —
Wiite Enable to Clock Setup Time tsy 50 400 170 — ns
10 200 85 —
15 110 50 —_
Write Enable 1o Clock Release Time Yrel 5.0 380 160 — ns
10 180 55 -
15 100 40 —
* The formulas given are for the typical characteristics oniy at 25°C.
# Data labelled "Typ" i not to be used for design purposes but is i ded as an § of the IC's p porformance,

** When shift register seclions are cascaded, the maximum rise and fall ime of the clock input shouwld be aquat 10 or less than the rise and
fall time of the data oulpuis, driving data inputs, plus the propagation delay of the output driving stage.

REPETITIVE WAVEFORM

D
(= 172 15)

FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

Voo

Q18 Q32 Q48 Q64
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MC14517B

FIGURE 3 — TYPICAL OUTPUT SINK CURRENT

FIGURE 2 — TYPICAL QUTPUT SOURCE CURRENT
CHARACTERISTICS TEST CIRCUIT

CHARACTERISTICS TEST CIRCUIT

{Output being tested should be in the high-logic state}.

{Output being tested sh

FIGURE 4 — AC TEST WAVEFORMS

Vout = VoH Vout = Vor
VDD'VGsi r Vpo ™ VaGs
G16 Gz Q48 064 | 16 Q32 048 Q64
p-0— D —O—
p—0—{C —0o—C
—t—O—{ WE ) p—O—{WE
S — T
—-0—{0 ?
p—o—{C
) 0—{WE ‘oL
———0—
>——0— p-—O—
Q16 Q32 Q48 064 Q16 Q32 Q48 064
Extarnal Extarnat
Powsr Power
1 Supply
4Vss Supply OVss

ould be in the low-loglc state).

i tWH
L1 et VoD
90%
J— {T{_J[?\_ 16 %] I3 ) 2 EER
Clock 4 (121——} ———— --=2 Vss
tegl [ [ v
write 3 (13} oo
thi: tho
twt = = w0 |
Datain 7 {9}
* thi, 50%
teut - le- tsud v tPHL ™
16.5it output 1(38) thos ob
17-bit input thi]
20 ns Y
tut e e tsU0 " PHL—
32-bit output § (10}
33-bit input

— VoD +
e tho
20 ns
taut e teu0 v " P~
oo
48 bitoutput 2 (14} tho
49 bit input
20 ns

S4-bit output S1) 1) v
e e — — 58
tTLH = =—tTHL
Clock EXPANDED BLOCK DIAGRAM|(1/2 OF DE VICE SHOWN!}
Data °‘D* 5 alt+ip eoffdic  ajsHe eftio e atlde  afeHo  artie
c 1 c 2 Cc 16 c 17 C 32 C 33 C 48 C 45 C 64 Q
WE 3-State WE WE 3-State

{— 3-State

|

el

Write Ensbte = 0, 16-bit output
Write Enable = 1, $7-bit input

32-bit output (L
33-bitinput
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@ MOTOROLA

MC14518B
MC145208B

DUAL UP COUNTERS

The MC145188 dual BCD counter and the MC145208 dual bi-
nary counter are constructed with MOS P-channel and N-channel
enhancement mode devices in a single monolithic structure. Each
consists of two identical, independent, internally synchronous 4-
stage counters, The counter stages are type D flip-flops, with inter-
changeable Clock and Enable fines for incrementing on either the
positive-going or negative-going transition as required when cascad-
ing multiple stages. Each counter can be cleared by applying a high
tevel on the Reset line. In addition, the MC 145188 will count out of
all undefined states within two clock periods. These complementary
MOS up counters find primary use in misdti-stage synchronous or
ripple counting applications requiring low power dissipation and/or
high noise immunity,

Diode Protection on All Inputs
Suppiy Voitage Range = 3.0 Vdc to 18 Vde
[nternally Synchronous for High Internal and External Speads

Logic Edge-Clocked Design — Incremented on Positive Transition
of Clock or Negative Transition on Enable

*® o 00

Capable of Driving Two Low-power TTL Loads or One Low-power
Schottky TTL Load Over the Rated Temperature Range

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

DW SUFFIX
1% ] SOIC
CASE 751G

1

ORDERING INFORMATION

MC14XXXBCP Plastic
MC14XXXBCL Ceramic
MC14XXXBDW SOIC

MAXIMUM RATINGS*" (voltages Referenced to Vgs)

Ta = -55to 125°C for all packages.

Symbol Paramster Value Unlit
Voo DC Supply Vollage ~-0.5t0 +18.0 v
Vin. Vout | Input or Output Voltage (DC or Transient) -0.5t Vpp +0.5 ki
fins lout | !npul or Oulput Cursent {DC or Transient), per Pin +£10 mA

Pp Power Dissipation, per Packaget 500 mw
Tstg _|Storage Temperature -85 to + 150 °C
T Lead Temperalure (8-Second Soldering) 260 °C

“Maximum Ratings are those values beyond which damage 1o the davice may ocou,

fTemperature Darating: Plastic "P and D/DW” Packages: - 7.0 mW"C From 85°C To 125°C .

Ceramlc "L” Packages: - 12 mWr C From 100°C To 125°C

TRUTH TABLE
CLOCK } ENABLE | RESET ACTION

" 1 ] Increment Counter

) - o] incrgment Countsr
= X ] No Change

X Y ot g No Change
P 0 [+ No Change

1 W 1] No Change

x x 1 COthru Q3 =@

X = Don't Care

BLOCK DIAGRAM
Cloik aopb—o 3
QIi—C 4
C
3 Q2—<C 5
Enable o3 05
A
) ]
‘3“’;“ Qo}—o 11
Qip—0 12
[+
10 Q2013
Enable a3 14
R
|
o—
® Vpp = Pin 16
Vgg=Pin 8

This device contains protection circuitry to
guard against damage due to high static
voitages or electric fields. However, precau~
tions must be taken io avoid applications of
any voltage higher than maximum rated
voltages to this high-impedance circuil. For
proper operation, Vip and Vgt should be
constrained to the rangs Vgg = (Vi or
Vout) € Vpp.

Unused inputs must always be tied to an ap-
propriate fogic voltage level (e.g., either Vss
or Vpp). Unused outputs must be left open.
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

K VoD —55°C 25°C 125°C )
Characteristic Symbol | ydc - Unit
Min Max Min Typ # Max Min Max
Output Voltage “0" Level 5.0 — 0.05 —_ 4] 0.05 — 0.05
Vin = VpporG VoL 10 — 0.05 — Q 0.05 — 005 | Vdc
15 —_ 0.05 — 0 0.05 —_ 0.05
"1" Level 5.0 495 — 4.95 5.0 — 4.35 —
Vin = 0orVpp Vor 10 9.95 — 9.95 10 — 9.95 — Vde
15 14.95 — 14.95 15 —_— 14.95 —_
Input Voltage “0” Level
(Vg = 4.5 or 0.5 Vde} v 5.0 — 1.8 — 225 15 —_ 1.5 vdc
(Vo = 9.0 or 1.0 Vdc} L 10 — 3.0 — 4.50 30 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 —_ 6.75 4.0 —_ 4.0
“1" Level
(Mo = 0.5 or 4.5 Vdc) 50 35 — 35 275 — 35 —
(VO = 1.0 0r 9.0 Vdd) ViH 10 70 — -1 70 550 — 7.0 — | e
(Vg = 1.5 or 13.5 Vdc) 15 11 —_ 11 8.25 —_ 11 — i
Output Drive Current '
{Von = 2.5 Vdc) Source 5.0 -3.0 — -2.4 -42 — -1.7 —
{VpoH = 4.6 Vide) ToH 50 | ~0.54 - -0.51 -0.88 — -036] — mAde
{VoH = 9.5 Vde) 10 -1.6 — -13 -225 — -0.9 —_
[VoH = 13.5 Vdc) 5 | 42 | — ~3.4 -8.8 — ~24 1 —
(VoL = 0.4 Vdc) Sink 50 0.64 — 0.51 0.88 — 0.36 -
(MoL = 0.5 Vdc) oL 10 16 — 1.3 225 - 08 — mAdc
VoL = 1.5 Vdc) 15 42 — 34 8.8 — 24 —
Input Current ) kin 15 — +0.1 — *0.00001) =01 —_ +1.0 | pAdc
Input Capacitance Cin —_ — —_ — - 50 75 - - pF
Vin = 0
Quiescent Current B lop 5.0 —_ 5.0 — 0.005 5.0 - 150 | mAde
{Per Package) 10 - 10 — 0.010 10 —_ 300
15 — 20 — 0.015 20 — 800
Total Supply Current™t Ir 50 IT = (0.8 uAkHz} E + IDD nAde
{Dynamic plus Quiescent, 10 it = (1.2 uAKHZ) T + Ipp
Per Package) 15 Ir = (1.7 uAkHZ) | + Ipp
(CL = 50 pF on all outputs, all
butfers switching)

#Data labelled “Typ" is not o be used for design purposes butis
intended as an indication of the IC's potential performance.

. o 1N AS! ENT
*The formulas given are for the lypical characteristics only at 25°C. PIN ASSIGNM

1To calculate total supply current at loads other than 80 pF: 1 Ca ~ Voo b3 16
IT{Cy} = I7{50 pF} + (G - 50) Vik 2 €, Rg b 15
Tt pa ) O oag. |~ /oD ~ Vae) el D DG s
403 01, Q2gf= 13

5 Q24 O1B: 12

6 C Q34 QogE= 11
7 3 Ra Eg 3 10

8 ] Vgg Cgiq—sg
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SWITCHING CHARACTERISTICS® (Cy =80 pF, Ta = 25°C}

All Types
Charsctsristic Symbol Vpb Min Typ # Max Unit
Output Rise and Fail Tims TLH: ne
tTLH: tTHL = (1.5 ns/pF) Cp + 25 ns THL 5.0 - 100 200
tTLH. tTHL = {0.75 ne/pF) Cp_ + 12.5 ns 10 - so 100
tTLH: tTHL = (0.55 ne/pF) C + 9.5 ns 15 - 40 80
Propagation Delay Time tpLi, ns
Clock to QfEnable to Q PHL
tPLH. tHL = (1.7 nsfpFi Cp + 215 s 5.0 - 280 580
PLH. tPHL = {086 ns/pFI C +97 m 0 - 145 230
tPLH. tPHL = (0.5 ns/pFI C + 76 ns 15 - 80 180
Resetto Q tpHL n~
tpHL = (1.7 ne/pFI C| + 285 ns. 5.0 - 330 650
tPHL = (0.86 ns/pF) Ci_ + 117 ns 10 - 130 230
tprL ~ (0.86 ns/pF) Cp + 95 ns 15 - 90 170
Clock Pulse Width tw{H) 5.0 200 100 - n
twiLy 10 100 50 -
15 70 35 -
Ciock Pulse Frequancy Tty 5.0 - 25 15 MHz
10 - 8.0 3.0
16 - 8.0 4.0
Clock or Enable Rise and Fail Time ITHL, *TTLH 5.0 - - i5 Hs
10 - - 5
15 — - 4
Ensbis Pulss Width YWHIE) 5.0 440 220 - ng
10 200 100 -
15 1490 70 -
Feset Pulse Width WHIR) 50 280 126 - ns
10 120 55 -
18 90 40 -
Reset Removal Time trem 5.0 -5 —45 - ns
10 18 -15 -
15 20 -5 -

*The formulas given are tor the typical characteristics only at 25°C,

#Data labslled “Typ™ is nct to be used for design purposes but is

ded as an indication of the IC’s al per
FIGURE 1 — POWER DISSIPATION TEST
CIRCUIT AND WAVEFORM
¢Voo
0.0t uF
600 uF I Cersmic
Puise ¢ Qo
Gensrator a3 o )
3 g ¢, RCL
R —°'_'| = TCL
TCL RCL
Vss

Varisble
Width
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FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Vop
<
20ns
Pufse o—c asl—o—m—— Clock
[lo] J ST o S Input
a2 l——o——— de twH
Lo—d{E A L .
A Q3 v—O-:l e e PLH
L
v, S
ss T
) a

FIGURE 3 — TIMING DIAGRAM
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FIGURE 4 — DECADE COUNTER {MC145188) LOGIC DIAGRAM
{1/2 OF DEVICE SHOWN}

[=1.] [sY] a2 Qa3
—10 a ~—0 a —i2 a —i2 a 2
~dc b —dc G~ [—o C  qp— —aC Bl
R R A R
Reset W l I i
Enabls
- .
Clock
FIGURE 5 — BINARY COUNTER {MC145208) LOGIC DIAGRAM
(1/2 OF DEVICE SHOWN)
ac at Qz Q3
——D a —2 a i =] a —o Q
C G ~3¢c g [ —gc @
B A R oM ™ R R
Reset I I I ]

Ensble s
Clock ;D
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@ MOTOROLA MC14519B8

4-BIT AND/OR SELECTOR
or
QUAD 2-CHANNEL DATA SELECTOR L SUFFIX
or CERAMIC
CASE 620
QUAD EXCLUSIVE “NOR” GATE
The MC14518B is constructed with MOS P-channel and N-channe! en- '
hancement mode devices in a mornofithic structure. These complementary
MOS logic gates find primary use whers low power dissipation and/or high
noise immunity is desired.
This device provides three functions in one package; a 4-Bit AND/OR
Selector, a Quad 2-Channel Data Selector, or a Quad Exclusive NOR P SUFFIX
Gate. PLASTIC
CASE 648
e Diode Protection on All inputs
® Supply Voltage Range = 3.0 Vdc to 18 Vdc
® Capable of Driving Two Low-power TTL Loads or One Low-power
Schottky TTL Load Over the Rated Temperature Rangs
® Plug-in Replacement for CD4019 in Most Applications D SUFFIX
% S0IC
CASE 751B

ORDERING INFORMATION

MC14XXXBCP Plastic
MC14XXXBCL Ceramic
V MC14XXXBD SCIC
LOGIC DIAGRAM

Ta = ~55° 10 125°C for all packages.

X0 &

:D»«D——om P
':D-<{>-—c
11 21
CONTROL INPUTS QUTPUT
:D-<{>—ou z2 y a Zn
)

Ya 7

TRUTH TABLE

X1 4

¥1 6§

Datas
inputs

<

A 9
Control
inputs
B 1‘°_> .
L
o
o
o0
[
o2

X2 2

m) o o
°
¥2 3 Py 1 Yn
1 [+ Xp
%3 15 oo 13 23 1 1 A @ ¥y
Note:
¥3 3 Xn & ¥, means X {Exclusive-NOR) ¥,
b
Vpp = Pin 16
Vgs=Pin 8
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MAXIMUM RATINGS* (Voltages Referenced to Vgs)

PiN ASSIGNMENT
Symbol Paramstar Valus Unit B
Vop  |DC Suppiy Voitage -05t0 +180 | v 185vs Vop 16
Vin: Voutfinput or Cutput Voitage (DC or Transient) —0.5t0 Vpp +0.5 hd 2 ':_ X2 x3 z :i
line lout | Input or Output Current (DC or Transient), per Pin *10 mA 3 — Y2 8 -
1
Po Power Dissipation, per Packaget $§00 mW 4 X1 z3 3
T, g Storage Temperature ~85 to + 150 *C 55 v1 z2 =12
'Is't Ly dgT b 8-S 2 Soldering) 260 G s xo 2y =
re {8~ Bring
[ ead Tempserature {8-Second Sol Q) , =y z0 2 10
“Maximum Ratings are those values beyond which damage 1o the device may ocour. — —
{Temperature Derating: Plastic "P and D/DW" Packages; ~ 7.0 mW,C From 65°C To 125°C 8 Vgs A g
Ceramic "L" Packages: - 12 mWrGC From 100°C To 125°C
ELECTRICAL CHARACTERISTICS ({Voitages Referenced to Vgs)
Characteristic Symbol | Y02 A ’C 1257¢ Unit
ra
cleris YO Ve Tain | wMax | Win | Typ# | Max | Bm | Wax
Output Voltage “0" Level 5.0 — 0.05 — 0 0.05 — 0.05
Vin = Vppor 0 VoL 10 — 0.05 — 0 0.05 — 0.05 | Vde
15 — 0.05 —_ 0 .05 — 0.05
"1" Level 50 4.95 —_ 4.95 50 — 495 -
Win = 0or Vpp VoH 10 | 995 - 9.95 10 — | 985 | — | vdc
15 14.95 — 14.35 15 — 14.95 —
Input Voltage “0" Level
(Vo = 4.5 or 0.5 Vdc} vV 5.0 — 1.5 — 225 15 — 15 Vdc
Vo = 9.0 or 1.0 Vdg) i 10 — 30 — 450 30 — | 38
(Yo = 13.5 or 1.5 vdg} 15 — 4.0 — 8.75 4.0 - 4.0
“1" Level | |
Vo = 0.5 or 4.5 Vo) v 5.0 35 — 35 275 —_ 3.5 — Vdc
{VO = 1.0 or 9.0 Vd} H 10 [ 70 | — 7.0 5.50 — | 70| —
(Vo = 1.5 or 13.5 Vdg) 15 11 — Ik 8.25 — 11 —
Output Drive Current
{VoH = 2.5 Vdc) Source 5.0 -3.0 — -24 -42 — -1.7 —
{(VOH = 4.6 Vdc) loR 50 -0.64 —_ -0.51 -0.88 —_ -038| — mAdc
(VOH = 9.5 Vdc) 10 -16 — -13 -225 — -038 —_
(Vor = 13.5 Vdc) 15 ~4.2 —_ -3.4 -8.8 — -24 —
(VoL = 0.4 vde) Sink 50 0.64 — 0.51 0.88 — 036 -
VoL = 0.5 Vdc} ot 10 1.6 — 1.3 225 - 09 - mAde
{VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 2.4 —
Input Current kin 15 —_ +0.1 — 000001} +0.% —_ +1.0 | nAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
Vin =0
Quiescent Current oD 5.0 — 5.0 — 0.005 5.0 — 150 | pAdc
{Per Package) i0 — 10 — 0.010 10 -_ 300
15 — 20 — 0.015 20 —_ 800
Total Supply Current**t 13 5.0 T = (12 pAKHZ) | + Ipp phde
(Dynamic pius Quiescent, - 10 IT = (2.4 uAKHZ) | + Ipp
Per Package) 15 It = (3.6 pAKHZ} | + Ipp
{C = 50 pF on all outputs, alf
buffers switching)

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

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

1To calculate total supply current at loads other than 50 pF:
IT{CL) = IT(50 pF) + (Cp - 50) vk

where: It is in uA (per package), CLinpF V = (Vpp - Vgg) in voits,
1in kHz is input Irequency, and k = 0.004.
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SWITCHING CHARACTERISTICS* (C| = 50pF, Tp =25°C)

Characteristic Symbg! Vob Min Typ # Max Unit
Qutput Rise and Fall Time T ns
1TLH: ITHL = {1.6 ns/pF) Ci + 25 ns tYHL 5.0 - 100 200
tTLH: tTHL = {0.75 ns/pF1 Cy + 125 ns 10 - 50 100
tTLH. tTHL = (0.55 ns/pF) C( + 8.5 ns 15 _ 40 80
Propagation Delay Time tPLH, nE
tpLH, tPHL = (1.7 nsfpFi C + 165 hs tPHL 5.0 - 250 500
PLH, tPHL = (0.66 ns/pF) C_ + 82 14 - 115 226
tpLH. tpHL = 0.5 ns/pFi Cy +65 ™8 15 — 90 165 o
*The formulas given ars for the typical characteristics only at 25°C. #Data labelled “Typ" is not to be uaed for dasign purposes but is
i as an indi 3 of the IC's p per .

FIGURE 1 —~ DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

;*Voo

Voo
—C—1 A zZ0 - -
Puise Vin ;
Generator —o—8 I CL
—O—1 X0 = - 20 ns 20 ns
—o—{ Y0 21 —0-—-] »
p—o— x1 T - —vos
Fo—vi = Vi %
$—o— X2 z2 —o—J - 16% Vgs
Y2 I S 50% Duty Cycle '
T
500 uF
FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
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TYPICAL CIRCUIT APPLICATIONS

DATA REGISTER SELECTION COMPARISON

e e ': T -
|
MC 140158 |
Data A ot Dual 4-Bit Register Data B
Clock Ao——’— 4-Bit Register A 4.8it Register 8 F—t—=CClock B
Fasst A °'"t" —t—CRessat B
I Q1 Q2 a3 o4 Ql 0z a3_Q4 I
| IR DU AU SN DU USD NGNS PUIY EAPUUY MUY S, NU—— |
X0 X1 X2 X3 Y0 Y1 Y2 ¥3
Controt A 00— A MC145108
AND/OR Selsct/Excl NOR
Comtrol 8 0——m—————— B
20 21 22 23
1nvert O
1
L | M¢c140708
] Quad
| E xclusive OR
JUUI |
v
CONVERSION TABLE
:- OPERATION
CODE OUTPUT FUNCTION
h - A B8 INV Qo Qat az Qa3
[/ 0 o o [\ 0 1} inhibit, all zeros
Q 0 1 1 1 1 1 inhibit, all ones
1 Q <] xe X1 x2 X3 Control A
1 0 1 X0 X1 X2 X3 Control A and Invert
] 1 0 Yo Y1 v2 v3 Control B
] 1 1 Yo v va. ¥a Control B and Invert
k] 1 0 X0 @ YO[Xt@ ¥1{X2@® Y2 |X3@ Y3 | Exclusive NOR
1 1 1 X0 ® Yo X1D Y1 {X2@ ¥2{X3@ ¥3 |Exclusive OR

This device contains protection circuitry to guard against damage due to high static voltages or elsctric fields. However,
precautlons must be taken to avoid applications of any voltage higher than maximum rated voltages to this high-imped-
ance circuit. For proper operation, Vin and Vgt should be constrained to the range Vgg < (Vin or Voup) = Vpp.

Unused Inputs must always be tied to an appropriate logic voltage level {s.g., either Vgg or Vpp). Unused outputs must
be left cpen.

8-300




