Philips Semiconductors

Product specification

Presettable synchronous 4-bit binary counter;

asynchronpusireset

74LVC161

FEATURES
® Wide supply voltage range of 1.2 V1o 3.6 V

® |n accordance with JEDEC standard no. 8—1A
® |nputs accept voltages up to 5.5 V

® CMOS low power consumption

® Direct interface with TTL levels

® Asynchronous reset

® Synchronous counting and loading

® Two count enable inputs for n—bit cascading
® Positive edge—triggered clock

® Output drive capability 50 Q transmission lines @85°C

DESCRIPTION

The 74LVC161 is a high—performance, low—power, low—voltage,
Si—gate CMOS device and superior to most advanced CMOS
compatible TTL families.

QUICK REFERENCE DATA
GND = 0V; Tymp =25°C; TR=Tp < 2.5ns

The 74LVC161 is a synchronous presettable binary counter which
features an internal look—head carry and can be used for
high—speed counting. Synchronous operation is provided by having
all flip—flops clocked simultaneously on the positive—going edge of
the clock (CP). The outputs (Qp to Q3) of the counters may be
preset to a HIGH or LOW level. A LOW level at the parallel enable
input (PE) disables the counting action and causes the data at the
data inputs (Dp to Dg) to be loaded into the counter on the
positive—going edge of the clock (provided that the set—up and hold
time requirements for PE are met). Preset takes place regardless of
the levels at count enable inputs (CEP and CET). A low level at the
master reset input (MR) sets all four outputs of the flip—flops

(Qp to Q) to LOW level regardless of the levels at CP, PE, CET
and CEP inputs (thus providing an asynchronous clear function).

The look—ahead carry simplifies serial cascading of the counters.
Both count enable inputs (CEP and CET) must be HIGH to count.
The CET input is fed forward to enable the terminal count output
(TC). The TC output thus enabled will produce a HIGH output pulse
of a duration approximately equal to a HIGH level output of Qp. This
pulse can be used to enable the next cascaded stage. The
maximum clock frequency for the cascaded counters is determined
by the CP to TC propagation delay and CEP to CP set-up time,
according to the following formula:

;
tP(max) (CP to TC) + gy (CEP to CP)

frnax =

SYMBOL PARAMETER CONDITIONS TYPICAL UNIT
Propagation delay CL =50 pF
CP to Q, Voo =3.3V 4.9
CPtoTC 5.7
tPH/PLH MR to Q, 5.2 ns
MR to TC 57
CETto TC 4.5
fmax maximum clock frequency 200 MHz
C input capacitance 5.0 pF
Cpp power dissipation capacitance per gate notes 1 and 2 39 pF

NOTES:

1. Cpp is used to determine the dynamic power dissipation (Pp in puW)

Pp = Cpp x Voe? x fi +Z (C x Vg2 x fo ) where:

f, = input frequency in MHz; C|_ = output load capacity in pF;
fo = output frequency in MHz; V¢ = supply voltage in V;

T (CL x Vg2 x foy = sum of the outputs

The condition is \)1 = GND to Vg¢

N

ORDERING INFORMATION

PACKAGES TEMPERATURE RANGE | OUTSIDE NORTH AMERICA | NORTH AMERICA DWG NUMBER
16-Pin Plastic SO —40°C to +85°C 74LVvC161 D 74LVvC161 D SOT109-1
16-Pin Plastic SSOP Type Il —40°C to +85°C 74LVvC161 DB 74LVC161 DB SOT338-1
16-Pin Plastic TSSOP Type | —40°C to +85°C 74LVC161 PW 74LVC161PW DH SOT403-1
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PIN CONFIGURATION PIN DESCRIPTION
\J PIN NUMBER SYMBOL FUNCTION
VR [1] 18] Vec
1 VB asynchronous master
cp [2] [15] TC reset (active LOW)
Do [3] [14] o 5 cp clock input (LOW-to-HIGH,
o1 [3] 73 af edge-triggered)
D2 [3] 13 a2 3,456 Do to D3 data inputs
D3 [§] [11] Q3 7 CEP count enable inputs
CEP [7] [70] CET 8 GND ground (0V)
GND [3] 5] PE 9 PE parallel enable input
(active LOW)
SFooese 10 CET count enable carry input
14,13,12,11 Qp to Q3 flip-flop outputs
LOGIC SYMBOL 15 TC terminal count output
16 Veco positive supply voltage
15
LOGIC SYMBOL (IEEE/IEC)
Tc 1 N R CTR4
3 Q
Do o 14 9 i
4 — by Qq 13 7 as
5 ——D; Qp 12 10 a4
6 —| D Qs " 2 > C2/1,3,4+
9 PE — —
CEP CET CP MR 3 — 14
72D
T 4 13
7 10 2 1 5 12
6 11
4CT=15 1
Vg =Pin 16
GND = Pin 8
SY00065 S5Y00066
1998 May 20
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FUNCTIONAL DIAGRAM FUNCTION TABLE

OPERATING INPUTS OUTPUTS

S R L MODES mr|cp|cep [ceTr [PE|Dn| an [TC

Reset (clear) L X X X X X L L

Do |Or [P | Hlt ] x [ x [ [ L ¢

9| PE Parallel load H 1 X X | h H .
PARALLEL LOAD

CIRCUITRY Count H T h h h X | count | *

Hold Hl x| o x |nlx]| q |-

10| CET (donothing) | H | X X I h | X n L

NOTES:
TCl18 * =  The TC output is High when CET is High and the counter
CEP) is at Terminal Count (HHHH)

| ~

H = High voltage level
BINARY h = High voltage level one setup time prior to the Low-to-High
COUNTER clock transition
2| cp
L = Low voltage level
| =  Low voltage level one setup time prior to the Low-to-High
VR clock transition
q = Lower case letters indicate the state of the referenced
Qo Qq Q |Qs output one setup time prior to the Low-to-High clock
transition
X = Dontcare
14 13 12 " T =  Low-to-High clock transition

TYPICAL TIMING SEQUENCE

SY00068
MR
ﬁ
STATE DIAGRAM = =
D1
p2 I 1
ps I 1
ch LM rirrirmrirrrrr
CEP I | I
CET I 1
Qo
Qt | I 1 _
Q2 1
Q3 1
TC 1
2 8 14 15 0 A 2
RESET PRESET:¢——— COUNT — p-t——  INHIBIT—
SF00664
SY00069
Typical timing sequence: reset outputs to zero; preset to binary
twelve; count to thirteen, fourteen, fifteen, zero, one, and two;
inhibit
1998 May 20 4
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LOGIC DIAGRAM

Do D1

v %

CET —D .

<ls
<}z

FFO FF1 FF2 % FF3
D af— D af— D Q™ D Q
CcP 4D0——0 cP cP cP cP
Rp Rp Rp Rp

Y Y Y Y Y

Qo Qi Q2 Q3 TC

ol

SY00070
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RECOMMENDED OPERATING CONDITIONS
LIMITS
SYMBOL PARAMETER CONDITIONS UNIT
MIN MAX
v DC supply voltage (for max. speed performance) 2.7 3.6 Vv
ce DC supply voltage (for low-voltage applications) 1.2 3.6
Vi DC input voltage range 0 5.5 \
Vo DC output voltage range 0 Veoe Vv
Tamb Operating free-air temperature range -40 +85 °C
. : Voo=1.2102.7V 0 20
o b Input rise and fall times Voo = 2.7 10 3.6V 0 10 ns/V
ABSOLUTE MAXIMUM RATINGS!
In accordance with the Absolute Maximum Rating System (IEC 134)
Voltages are referenced to GND (ground = 0V)
SYMBOL PARAMETER CONDITIONS RATING UNIT
Vee DC supply voltage —-0.5t0+6.5 Vv
lik DC input diode current V) <0 -50 mA
\ DC input voltage Note 2 -05t0+5.5 Vv
lok DC output diode current Vo >VgcorVg < 0 +50 mA
Vo DC output voltage Note 2 —-0.5t0 Vg +0.5 \
lo DC output source or sink current Vo=0to Voo +50 mA
lenp: loc DC Vg or GND current +100 mA
Tatg Storage temperature range —65 to +150 °C
Power dissipation per package
p — plastic mini-pack (SO) above +70°C derate linearly with 8 mW/K 500
Tor — plastic shrink mini-pack (SSOP and o : . mwW
TSSOP) above +60°C derate linearly with 5.5 mW/K 500
NOTES:

1. Stresses beyond those listed may cause permanent damage to the device. These are stress ratings only and functional operation of the
device at these or any other conditions beyond those indicated under “recommended operating conditions” is not implied. Exposure to
absolute-maximum-rated conditions for extended periods may affect device reliability.

2. The input and output voltage ratings may be exceeded if the input and output current ratings are observed.

1998 May 20 6
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DC ELECTRICAL CHARACTERISTICS
Over recommended operating conditions voltages are referenced to GND (ground = 0V)
LIMITS
SYMBOL PARAMETER TEST CONDITIONS Temp = -40°C to +85°C UNIT
MIN TYP! | MAX
VCC =1.2V VCC
Vin HIGH level Input voltage \
Voc=2.7103.6V 2.0
Ve =1.2V GND
ViL LOW level Input voltage \
Voo =2.710 3.6V 0.8
VCC =27V, V| = VIH or V||_; |o =-12mA VCC -05
VCC =3.0V; V| = VIH or V||_; |o =-1 OOIJ,A VCC -0.2 VCC
VoH HIGH level output voltage \Y
VCC =3.0V; V| = VIH or V||_; |o =-12mA VCC —-0.6
VCC =3.0V; V| = VIH or V||_; |o =—-24mA VCC -1.0
VCC =27V, V| = VIH or V||_; |o =12mA 0.40
VoL LOW level output voltage Voo =3.0V; Vi =V|yorV;lg=100pA GND 0.20 \Y%
Veec =3.0V; Vi =V|gor V. lpo=24mA 0.55
I Input leakage current Veoe =3.6V; V| =5.5V or GND +0.1 +5 HA
lcc Quiescent supply current Vo =3.6V;V|=Vgcor GND; Ig=0 0.1 10 HA
Alee ﬁl‘;ﬂitﬁgi’:]a' quiescent supply currentper ;. . _ 5 7v/ 15 3.6V V; = Vg —0.6V; I = 0 5 500 | pA
NOTES:
1. All typical values are at Vgg = 3.3V and Tyqp = 25°C.
1998 May 20 7
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AC CHARACTERISTICS
GND =0V;t =t = 2.5ns; G =50 pF; R =500Q; Tymp = 40°C to +85°C
LIMITS
SYMBOL PARAMETER WAVEFORM Vee = 3.3V £0.3V Vee =27V Vee =12V UNIT
MIN TYP! MAX MIN MAX TYP
tpHL Propagation delay _ _
it CP to On 1 4.9 8.0 9.0 24 ns
tPHL Propagation delay _ -
tpLH CPtoTC 1 57 9.5 1 28 ns
tPHL Propagation delay > _ 4.5 78 _ 8.8 20 ns
tpLH CETto TC ) ' ]
Propagation delay _ _
tpHL MR o an 3 5.2 9.0 10 28 ns
t Propagation delay 3 _ 57 10 _ 11 20 ns
PHL MR to TC )
Clock pulse width _ — —
tw HIGH or LOW ! 4.0 12 50 "
Master reset
tw width LOW 3 3.0 16 ~ 4.0 ~ - ne
Removal time
trem MR to CP 3 0 03 B ° B ~ ne
Set-up time _ — —
tey D 10 CP 4 25 1.0 3.0 ns
Set-up time
tey PEtoCP 4 3.0 1.2 - 35 - - ns
Set-up time
tsu CEP, CET to GP 5 50 21 - 55 B B ne
Hold time
th D,,, PE, CEP, CET to CP 4.5 ° -7 - ° ~ - "
e Maximum clock 1 125 200 _ 110 _ — MHz
pulse frequency
NOTE:

1. These typical values are at Vg = 3.3V and Ty = 25°C.

1998 May 20 8
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AC WAVEFORMS

Vu=15VatVgg =227V

Vy=05-VggatVge <27V

VoL and Vo are the typical output voltage drop that occur with the

Vi oo
PE INPUT

output load. GND
Vi
1/fmax CP INPUT
Vi- - - -
CP INPUT 7 Vm
GN
[ t, trLH
pe— tpHL
VoH
Qn, TC OUTPUT m The shaded areas indicate when the input is permitted
VoL - - - - - - - - - - to change for predictable output performance.
SC00137
SY00071 Waveform 4. Setup and hold times for the input (D,,) and

parallel enable input (PE).
Waveform 1. Clock (CP) to outputs (Q,, TC) propagation
delays, the clock pulse width and the maximum clock

frequency. v
CEP, CET
INPUT
GND
Vi
CET INPUT V)
GND CP INPUT
Von GND
TC OUTPUT
VoL NOTE: The shaded areas indicate when the input is permitted

to change for predictable output performance.

SYo0072 SC00138

Waveform 5. CEP and CET setup and hold times.
Waveform 2. Input (CET) to output (TC) propagation delays.

TEST CIRCUIT
\
MR INPUT X vy
GND - - - _ . A
w trem v|
e ] I PULSE
CP INPUT GENERATOR
GND RT
re— tpHL
VOH — =
Qn, TC OUTPUT Vi
VoL - - = = = = = oo SWITCH POSITION
TEST Sy Vee v
SY00073
tPLHAPHL Open <27V Vee
Waveform 3. Master reset (MR) pulse width, the master reset 2736V Jy
to output (Q,, TC) propagation delays and the master reset to ~ i
clock (CP) removal times.
5V00903

Waveform 6. Load circuitry for switching times.
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S8016: plastic small outline package; 16 leads; body width 3.9 mm SOT109-1
- D - ~——E——=p—A]
I //“\\
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o Y
\\/
O]y} . He l~=[v@[A]
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I T < Q
A
"t .=
pin 1 index ! JJ;\_ +
/ F—o
z 1 + |_p —— 7
0 b jﬂ t@ HH OB o .
o .
P
0 2.5 S5 mm
IR TN SN TR [N TN SR S S |
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A
UNIT | o | Al A Az bp c pM | M e He L Lp Q v w y zM 0
0.25 | 1.45 049 | 025 | 100 | 4.0 6.2 10 | 07 0.7
mm o175 540 | 125 | ©2% | 036 | 019 | 98 | 38 | ¥ | 58 | "% | 04 | 06 | 02| 02| 01 | 43 | 4o
: 0.0098| 0.057 0.019 [0.0098| 0.39 | 0.16 0.24 0.039 | 0.028 0.028| ©°
inches | 0.069 |, 1039/ 0.049 | 21 | 0,014 |0.0075| 0.38 | 0.15 | %%°| 023 | %%%1 | 0016 | 0.020| 001 | 001 [ 0004} s
Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN |SSUE DATE
VERSION |EC JEDEC EIAJ PROJECTION
SOT109-1 076E07S MS-012AC E @ 95-01-23
1998 May 20 10
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SSOP16: plastic shrink small outline package; 16 leads; body width 5.3 mm SOT338-1
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DIMENSIONS (mm are the original dimensions)
A 1 1 1
UNIT | S| A | A2 | As | bp c | DM [ EM] e He L L, | @ v w y | 20| e
021 | 1.80 0.38 | 020 | 6.4 | 54 7.9 1.03 | 09 1.00 | 8°
mm | 20 1 505 | 165 | ©2° | 0.25 | 0.00 | 60 | 52 [ 99| 76 | 2% | 063 | 07 | %2 | 01| O1 | os5 | o°

Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.

OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC EIA PROJECTION

SOT338-1 MO-150AC ==} @ AP

ISSUE DATE
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TSSOP16: plastic thin shrink small outline package; 16 leads; body width 4.4 mm SOT403-1
D [ ———— E—» A
ml
i N
£ \
— cL T ‘\ E’ }
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! |
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1 Az ] A,
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0
1
| leg— |_p—> 7
| L
1 8
detail X
s N|
P
0 2.5 5 mm
[ AR SR |
scale
DIMENSIONS (mm are the original dimensions)
A 1 2) 1
UNIT | S| Al Ax | Az bp c pM| E@| e He L Lp Q v w y zM | o
0.15 | 0.95 0.30 0.2 5.1 4.5 6.6 0.75 0.4 0.40 8°
mm 1.10 0.05 | 0.80 0.25 0.19 0.1 4.9 4.3 0.65 6.2 1.0 0.50 0.3 0.2 013 0.1 0.06 0°
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION IEC JEDEC EIAJ PROJECTION
SOT403-1 MO-153 ==} @ e
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