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National Semiconductor

74VHC161
Synchronous Presettable Binary Counter

General Description supply systems such as battery backup. This circuit pre-

. ] . vents device destruction due to mismatched supply and in-
The VHC161 is an advanced high-speed CMOS device fab- put voltages.
ricated with silicon gate CMOS technology. It achieves the
high-speed operation similar to equivalent Bipolar Schottky
TTL while maintaining the CMOS low power dissipation. The Features . .
VHC181 is a high-speed synchronous modulo-16 binary ™ Synchronous counting and loading
counter. This device is synchronously presettable for appti-  ® High-speed synchronous expansion
cation in programmable dividers and have two types of M Low power dissipation:
Count Enable inputs plus a Terminal Count output for versa- Icc = 4 pA (max) at Ty = 25°C
tility in forming synchronous multistage counters. The B High noise immunity: VNiH = VNIL = 28% V¢ (min)
VHC161 has an asynchronous Master Reset Input that & All inputs are equipped with a power down protection
overrides all other inputs and forces the outputs LOW. An function
input protection circuit insures that OV to 7V can be applied  m Balanced propagation delays: tpi 4 = tpyL
to the input pins withogt regard to the supply voltage. This g | ow noise: VoLp = 0.8V (max)
device can be used to interface 5V to 3V systems and two & Pin and function compatible with 74HC161

Ordering Code: see Section6

Commercial Package Number Package Description
74VHCI61M M16A 18-Lead Molded JEDEC SOIC
74VHC1618J M16D 16-Lead Molded EIAJ SOIC
74VHC161MSC MSC16 16-Lead Molded EIAJ Type 1 SSOP
74VHC161MTC MTC16 16-Lead Molded JEDEC Type 1 TSSOP
74VHC181N N16E 16-Lead Molded DIP

Note: Surface mount packages are also available on Tape and Reel. Specify by appending the suffix letter “X" to the ordering code.
EJAJ Type 1 SSOP availabie on Tape and Resl only, order MSCX.

Logic Symbols Connection Diagram
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TL/F/11635-2 Pin Names Description
CEP Count Enable Parallel Input
CET Count Enable Trickle Input
CP Clock Pulse Input
MR Asynchronous Master Reset Input
Po-Pa Parallel Data Inputs
PE Parallel Enable inputs
Qp-Q3 Flip-Flop Outputs
TC Terminal Count Cutput
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Functional Description

The VHC161 counts in modulo-16 binary sequence. From
state 15 (HHHH) it increments to state 0 (LLLL). The clock
inputs of all flip-flops are driven in parallel through a clock
buffer. Thus all changes of the Q outputs {except due to
Master Reset of the "161) occur as a result of, and synchro-
nous with, the LOW-to-HIGH transition of the GP input sig-
nal. The circuits have four fundamental modes of operation,
in order of precedence: asynchronous reset, parallel load,
count-up and hold. Five control inputs—Master Reset, Par-
allel Enable (PE), Count Enable Parallel (CEP) and Count
Enable Trickle (CET)—determine the mode of operation, as
shown in the Mode Select Table. A LOW signal on MR over-
rides all other inputs and asynchronously forces all outputs
LOW. A LOW signal on PE overrides counting and allows
information on the Parallel Data (P,,) inputs to be loaded into
the flip-flops on the next rising edge of CP. With PE and MR
HIGH, CEP and CET permit counting when both are HIGH.
Conversely, a LOW signal on either CEP or CET inhibits
counting.

The VHC161 uses D-type edge-triggered flip-flops and
changing the PE, CEP and CET inputs when the CP is in
either state does not cause errors, provided that the recom-
mended setup and hold timas, with respect to the rising
edge of CP, are observed.

COUNT —Of CcET  T¢ fo——p 0

—Eﬁp
cp TO ALL STAGES

CET T1C

The Terminal Count (TC) output is HIGH when CET is HIGH
and counter is in state 15. To implement synchronous multi-
stage counters, the TC outputs can be used with the CEP
and CET inputs in two different ways.

Figure 1 shows the connections for simple ripple carry, in
which the clock period must be longer than the CP to TC
delay of the first stage, plus the cumulative TET to TC de-
lays of the intermediate stages, pius the TET to CP setup
time of the last stage. This total delay plus setup time sets
the upper limit on clock frequency. For faster clock rates,
the carry lookahead connections shown in Figure 2 are rec-
ommended. In this scheme the ripple delay through the in-
termediate stages commences with the same clock that
causes the first stage to tick over from max to min in the Up
mode, or min to max in the Down mode, to start its final
cycle. Since this final cycle requires 16 clocks to complete,
there is plenty of time for the ripple to progress through the
intermediate stages. The critical timing that limits the clock
period is the CP to TC delay of the first stage plus the CEP
to CP setup time of the last stage. The TC output is subject
to decoding spikes due to internal race conditions and is
therefore not recommended for use as a clock or asynchro-
nous reset for flip-flops, registers or counters.

CET TC CET 1C CET

TL/F/11635-5
FIGURE 1. Multistage Counter with Ripple Carry
COUNT ——Of CET  TC o—l—»c cep L»o cep L»o CEP —I—bc CEP
cP L—»Qcer  1co——OfCET T CET  1C Jo——pOf CET
cP TO ALL STAGES
TL/F/11635-6

FIGURE 2. Multistage Counter with Lookahead Carry
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Functional Description (continued) State Diagram

Logic Equations: Count Enable = CEP ¢ CET s PE
TC=QpeQyeQye Q3 CET

Mode Select Table
e Action on the Rising
PE CET cep Clock Edge ()
X X X Reset (Clear)
L X X Load (P, — Qp)
H H H Count (Increment)
H L X No Change (Hold)
H X L No Change (Hold)
H = HiGH Voltage Level
L = LOW Voitage Level
X = Immaterial
Block Diagram
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Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (vots 1)

Supply Voltage (Vi)

DC Input Volitage (V|n)

DC Output Voltage (VouT)
Input Diode Current (k)
Output Diode Current (Iak)
DC Output Current (IoyT)
DC Vcc/GND Current (Ioc)
Storage Temperature (TgTg)

Lead Temperature (T;)
(Soldering, 10 seconds)

—0.5Vto +7.0V
—0.5Vto +7.0v

—0.5Vio Ve + 0.5V

—-20 mA
+20 mA
+25 mA
+50 mA
—65°Cto +150°C

260°C

Note 1: Absolute Maximum Ratings are values beyond
which the device may be damaged or have its useful life
impaired. The databook specifications should be met, with-
out exception, to ensure that the system design is reliable
over its power supply, temperature, and oulput/input load-
ing variables. National does not recommend operation out-

side databook specifications.

Recommended Operating

Conditions

Supply Voltage {(Voe)

Input Voltage (Vi)

Output Volitage (VouT)
Operating Temperature (TopR)
Input Rise and Fall Time (t;, t;)

2.0Vto +55V
OVto +5.5V
OVio Ve
—40°Cto +85°C

Voo = 3.3V £0.3v 0 ~ 100 ns/V
Voe = 5.0V 0.5V 0 ~ 20 ns/V
DC Characteristics for 'VHC Family Devices
74VHC
Vee Ta = —40°C
Symbol Parameter = 28° Units Conditions
y v Ta=25C to +85°C
Min Typ Min Max
ViH High Level Input 2.0 1.50 1.50 v
Voltage 3.0-5.5 | 0.7 V¢ 0.7 Vee
VIL Low Level Input 2.0 0.50 v
Voltage 3.0-55 0.3 Vg 0.3 Ve
VoH High Level Output 2.0 1.9 2.0 1.9 VIN=VH | loH = —50 uA
Voltage 30 29 3.0 29 v orv)
4.5 4.4 4.5 4.4
3.0 2.58 2.48 v loh = —4 mA
4.5 3.94 3.80 loH = —8mA
VoL Low Level Output 2.0 0.0 0.1 VIN = V4 | loL = 50 pA
Voltage 3.0 0.0 0.1 \' orV)_
4.5 0.0 0.1
3.0 0.44 v loL = 4 MA
45 0.44 loL = 8 mA
N Input Leakage ViIN = 5.5V or GND
Current 0-55 1.0 A
lcc Quiescent Supply VIN = Ve or GND
Current 55 400 A




DC Characteristics for "'VHC Family Devices: see Section 2 for Waveforms

74VHC
vV, Fig.
Symbol Parameter ce Ta = 25°C Units Conditions 9
v No.
Typ Limits
. ; : =
VoLp Quiet Output Maximum 50 0.4 08 v CL = 50 pF 211,12
Dynamic Vo
N - - =
Vouv Quiet Qutput Minimum 5.0 —04 _o08 v C_ = 50pF 211,12
Dynamic VoL
* i i =
ViHD Minimum High Level 50 35 v C_ = 50pF 2.11,12
Dynamic Input Voltage
- H =
ViLp Maximum Low Level 5.0 15 v CL = 50 pF 211,12

Dynamic input Voltage

*Parameter guaranteed by design.
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AC Electrical Characteristics for 'VHC Family Devices: see Section 2 for Waveforms

74VHC 74VHC
Vce Ta = —40° ' Fig.
- ogo th
Symbol Parameter ™ Ta = 25°C to +85°C Units | Conditions No.
Min Typ Max Min Max
tPLH, Propa%a;on Delay 3.3 403 83 128 1.0 15.0 ns CL = 15pF 25,6
tpHL | Time (GP-Qn) 108 163]| 1.0 185 CL=50pF | 256
5.0 +0.5 49 81 1.0 8.5 ns | CL=15pF | 25,6
64 101 1.0 11.5 C_=50pF | 25,6
tPLH, Propagation Delay 8.7 1386 1.0 16.0 CL=15pF | 25,6
Ti CP-TC. G 3.3 103 ns
tpHL ime (CP-TC, Count) 1.2 171 1.0 19.5 CL=50pF | 256
50 05 49 81 1.0 9.5 ns | CL=15pF | 25,6
6.4 10.1 1.0 115 C_L = 50 pF 25,6
tpLH, P'ropagaFt’io_rFé)eLlay 33 403 1.0 17.2 1.0 20.0 ns C_=15pF | 25,6
tpHL | Time (CP-TC, Load) 115 207| 10 235 CL=50pF | 25,6
50 0.5 6.2 103 1.0 12.0 ns CL = 15pF 2-5,6
77 123 1.0 14.0 C_ = 50 pF 2-5,6
IpLH, -I:.ropa%aEtl_cr)n"l?glay 3.3 +0.3 75 123 1.0 145 ns CL=15pF | 2-5,6
PHL ime (CET-TC) 105 158 1.0 18.0 C_L=50pF | 25,6
50 +05 4.9 8.1 1.0 9.5 ns CL = 15pF 2-5,6
64 101| 10 115 C_=50pF | 25,86
tpHL -l:ropagm.zlgor\c)Delay 33403 839 136 1.0 16.0 ns CL=15pF 2-5,6
ime (MA-Qp) 1.2 171 10 195 CL=50pF | 2586
50 +05 5.5 9.0 1.0 10.5 ns CL = 15pF 2-5,6
70 110 1.0 12.5 CL = 50 pF 2-5,6
tPHL :ropa%a%nor]rgelay 3.3 0.3 84 132 1.0 15.5 ns C_=15pF | 2.5,6
ime (MR-TC) 109 167 10 190 CL=50pF | 256
50 +05 50 86| 10 100 ns (CL=15pF |2686
6.5 106 1.0 12.0 CL = 50 pF 2-5,6
fmax !b:/la)umum Clock 33 +0.3 80 130 70 MHz C_L = 15pF
requency 55 85 50 CL = 50 pF
50 +05 | 135 185 115 MHz | CL= 15pF
95 125 85 CL = 50 pF
CiN Input Capacitance 4 10 10 pF | Voo = Open
Cpp Power.Dlssmauon 23 oF (Note 1)
Capacitance

Note 1: Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load. Average

operating current can be obtained by the equation: icc (opr) = Cpo * Voo * N + lec.
When the outputs drive a capacitive load, total current consumption is the sum of Cpp, and Algg which is obtained from the following formula:

A'CC:FC"°VCC( 2 "4 8 16 e

Cao-Caa and Crc are the capacitances at Q0-Q3 and TC, raspectively. Fop is the input frequency of the CP.

Cao , Ca1, Caz , Cas %)
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AC Operating Requirements for VHC Family Devices: see section 2 for Waveforms

74VHC 74VHC
*Vee Ta = —40°C Fig.
Symbol Parameter = 25° Units diti
Y V) Ta - 25C to +85°C Conditions | o,
Typ Guaranteed Minimum
ts Minimum Setup Time 33 55 6.5 ns 2.9
(Pn=CP) 5.0 4.5 45
ts Minimum Setup Time 3.3 8.0 9.5 ns 2.9
(PE-CP) 5.0 5.0 6.0
tg Minimum Setup Time 3.3 7.5 9.0 ns 2.9
(CEP or CET-CP) 5.0 5.0 6.0
tH Minimum Hold Time 33 1.0 1.0 ns 2.9
(Ph—-CP) 5.0 1.0 1.0
tH Minimum Hold Time 3.3 1.0 1.0
ns 2-9
(PFE-CP) 5.0 1.0 1.0
tH Minimum Hold Time 3.3 1.0 1.0 ns 2.9
(CEP or CET-CP) 5.0 1.0 1.0
twib) Minimum Pulse Width 3.3 5.0 5.0 ns 2.6
tw(H) CP (Count) 5.0 5.0 5.0
twiL) Minimum Pulse Width 33 5.0 5.0 ns 26
(MR) 5.0 5.0 5.0
trem Minimum Removal 33 25 25 g
Time 5.0 15 15 ns 26.9

*Veci8 3.3 £0.3Vor 5.0 £0.5V
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