High Speed CMOS TTL Input — 54HCT163

Programmable 4-bit counter with synchronous reset in bare die form

Description

The 54HCT163 programmable synchronous 4-bit decade
and binary counter is fabricated using a 2.5uym 5V CMOS
process with the same high speed performance of LSTTL
combined with CMOS low power consumption. Clock
input is active on the rising edge. Both load (SPE) and
clear (MR) inputs are active low. Presetting is synchronous
on rising clock edge. Two enable inputs (TE and PE) and
ripple carry output (TC) are provided to enable easy
cascading of counters, facilitating simple implementation
of N-bit counters without use of external gates. Device
inputs directly accept LSTTL or CMOS. All inputs are
protected against ESD and excess voltage transients.

Ordering Information

The following part suffixes apply:

'

= No suffix - MIL-STD-883 /2010B Visual Inspectior@

A

pace)

= “H”-MIL-STD-883 /2010B Visual Inspection
+ MIL-PRF-38534 Class H LAT

= “K”-MIL-STD-883 /2010A Visual Ins
+ MIL-PRF-38534 Class K@

S

ss flows see below.

tio

LAT = Lot Acceptance Test.

For further information on

UQ
Www.siliconsupplies.w \bare-die-lot-qualification
Supply Fgg%(’s:

i

AQZ) in Waffle Pack (100 per tray capacity)
. ﬁh Wafer on Tape — On request
= Unsawn Wafer — On request
» Die Thickness <> 350um(14 Mils) — On request

= Assembled into Ceramic Package — On request

Rev 1.0
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Features:

= OQutput Drive Capability: 10 LSTT @
= Low Input Current: 1TpA
Q%els

= OQutputs directly interf CWOS, NMOS and TTL

= Operating Voltage%e: 4.5V to 5.5V

=  Function com ith 54L.S163

= Full Militagf Teg®
N

Die @ensions in um (mils)

= TTL/CMOS compatible |

erature Range.
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Mechanical Specification
Die Size (Unsawn) 19?2 i (1;;00 n%ns
Minimum Bond Pad Size 41_32 . 1_2702 bl
o 350 (+20) Hm
Die Thickness 13.78 (+0.79) mils

Top Metal Composition
Back Metal Composition

Al 1%Si 1.1um
N/A — Bare Si
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Pad Layout and Functions
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Logic Diagram
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PAD | FUNCTION COORD; mm)
X Y

1 MR Q 0.655
2 CP %& 0.315
3 PO & 350 0.135
4 P% 0.670 0.125
5 @ 1.045 0.125
6 Q 1.375 0.125
7@ PE 1.698 0.135
GND 1.712 0.465

SPE 1.712 0.885

TE 1.698 1.229

Q3 1.533 1.441

12 Q2 1.208 1.441
13 Q1 0.795 1.441
14 Qo 0.440 1.441
15 TC 0.155 1.227
16 Vee 0.155 0.910

CONNECT CHIP BACK TO V¢c OR FLOAT

Function Table

INPUTS OUTPUT
MR | SPE| PE | TE Q
L X X X RESET
H L X X LOAD DATA
H H H H COUNT
H H L X NO COUNT
H H X L NO COUNT
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Rev 1.0
Function Description 06/06/19
INPUTS CONTROL FUNCTIONS Q
Clock (CP - Pad 2) Reset (MR - Pad 1)
The internal flip—flops toggle and the output count A low level on Reset resets the internal §jp— Yops & sets
advances with the rising edge of the Clock input. In the outputs (QO through Q3) to a a low #Reset is
addition, control functions such as resetting and loading synchronous with the rising edge ck input.

occur with the rising edge of the Clock Input.

Preset Data Inputs (PO, P1, P2, P3 - Pads 3, 4, 5, 6) Synchronous Parallel ERglleNSPE - Pad 9)
These are the data inputs for programmable counting. With the rising edge of; (NQCk, a low level on SPE
Data on these pins may be synchronously loaded into the loads the data from thé bet Data input pads (PO, P1,
internal flip—flops and appear at the counter outputs. PO P2, P3) into the in€rna[MH—flops and onto the output
(Pad 3) is the least-significant bit and P3 (Pad 6) is the pins, QO througleQ e count function is
most-significant bit. disabled as %Load is low.
OUTPUTS Count B p/Disable (PE and TE - Pads 7, 10)

The devichg#as two count—enable control pins: P Enable
Qo0, Q1, Q2, Q3 (Pads 14, 13, 12, 11) P (PE)and T Enable (TE). The device counts when these
These are the counter outputs. QO (Pad 14) is the least— t* pads and the Data load pad are high. The logic

significant bit and Q3 (Pad 11) is the most-significant bit. *quation is:

Ripple-Carry Out (TC - Pad 15) @Count Enable = P Enable * T Enable « Data Load
When the counter is in it's maximum state 1111, th&/
ca

output goes high, providing an external look—ahedd The count is either enabled or disabled by the control
pulse that may be used to enable successive ¢ d inputs according to Figure 1. In general, P Enable (PE) is
counters. Ripple Carry Out remains high onigduri the a count—enable control: T Enable (TE) is both a count—
maximum count state. Logic equation fq, utis: enable and a Ripple—Carry Output control.
Ripple Carry Out (TC) = T Enable (TE) ¢ *Q2-Q3
Count Enable@@le truth table Output State Diagram
CONTROL INP RESULT AT OUTPUTS
SPE PE Q0-Q3 TC
H H COUNT HIGH WHEN Q0-Q3 ARE MAX
L * H NO COUNT | HIGH WHEN Q0-Q3 ARE MAX
% L H NO COUNT | HIGH WHEN Q0-Q3 ARE MAX
X X L NO COUNT L

QO through Q3 are maximum when Q3 Q2 Q1 Q0 = 1111.

BINARY COUNTERS

Page 3 0of 9 www.siliconsupplies.com @


http://www.siliconsupplies.com

High Speed CMOS TTL Input — 54HCT163

Rev 1.0
Absolute Maximum Ratings’ 06/06/19
PARAMETER SYMBOL VALUE UNIT
DC Supply Voltage (Referenced to GND) Vee -0.5t0 +7.0 Q
DC Input Voltage (Referenced to GND) Vin -1.5to Ve +1.5 @
DC Output Voltage (Referenced to GND) Vout -0.5to V¢ +0.5 « )
DC Input Current In +20 A
DC Output Current, per pad louT +25 \ mA
DC Supply Current, Vcc or GND, per pad lcc +50 & mA
Power Dissipation in Still Air* Po 750 mW
Storage Temperature Range Tste -65 °C
1. Operation above the absolute maximum rating may cause device failure. Operation at the absol@ ratings, for extended periods, may
reduce device reliability. 2. Measured in plastic DIP package, results in die form are dependent on attgrh and assembly method.

Recommended Operating Conditions® voltages reffed to GND)

PARAMETER SYMBOL MIN UNITS
Supply Voltage Vee 4.5 .5 \Y
DC Input or Output Voltage Vin,Vour % 7 Ve \%
Operating Temperature Range T, * +125 °C

Input Rise or Fall Times tr, & - 500 ns
3. This device contains protection circuitry to guard against da e high static voltages or electric fields. However, precautions must be taken
to avoid applications of any voltage higher than maximum ragjed vONgges to this high-impedance circuit. For proper operation, Viy and Voyr should be
i

constrained to the range GND < (Vy or Vour) £ Vee. Unus uts must always be tied to an appropriate logic voltage level (e.g., either GND or Vcc).
Unused outputs must be left open.

DC Electrical CharaCteri®\(/Voltages Referenced to GND)

PARAMETER | SYMBO ¢ | CONDITIONS LIMITS .| UNITS
25°C 85°C | FULL RANGE
Minimum High-Level @ 4.5V VO\U/T - 311\\; or 2.0 2.0 2.0 Vv
CC~V.
Input Voltage 55V | |lour| < 20uA 2.0 2.0 2.0
Maximum Low-L Vv 4.5V Vour = 0.1V 0.8 0.8 0.8 Vv
Input Voltage ?\ I- 5 5V | lour | < 20pA 0.8 0.8 0.8
g 45V \|/.N = \l/.H or Vi, 44 44 44
Mini Hidh-Level 5.5V lout| < 20pA 5.4 5.4 5.4
Ou tISOIta e Von v
W" g Vin =V orV,
45V | omA 3.08 3.84 3.70
4.5V V|N = V|H or V||_ 0.1 0.1 0.1
Maximum Low-Level 55V | |lour|<20pA 01 0.1 0.1
Output Volt Vou v
VP YoTage a5y | Yw=VmorVi 0.26 0.33 0.40
: | IOUTl <4.0mA : ) :
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Rev 1.0
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DC Electrical Characteristics Continued (voltages Referenced to GND)
PARAMETER | SYMBOL | Ve | CONDITIONS LIMITS TS
25°C 85°C | FULL RANG%
Maximum Input _
Leakage Current In 5.5V Vin = Ve or GND +0.1 +1.0 +1. |JA
Maximum Quiescent Vix = Ve of GND
Supply Leakage lec 5.5V N | NP OUA 4 40 0 HA
Current® | lour| < Ou
Vin =24V, 2 -55°C 25°C\o T25°C
Any One Input.
Additional Quiescent VN = Ve or
Supply Current® Alec 5.5V GND, 29 24 mA
Other Inputs < ,
lout = OpA %
4. -55°C < T, <+125°C 5. Total Supply Current = lgc + ZAlcc. \
| _ Q
AC Electrical Characteristics ,
PARAMETER SYMBOL | Ve CON*%ONS LIMITS .| UNITS
25°C 85°C | FULL RANGE
Ma;gquufgniyck f 5V 10 %585) i 30 24 20 MHz
(50% Duty Cycle) MAX - fot p: Bhs
(Figure 1, 3) e
Maximum Propagation toLy y C_ = 50pF, 20 23 28
Delay, CP to Q % Input ns
(Figure 1, 3) oL t =t = 6ns 25 30 32
Maximum Propagation t, % CL = 50pF, 16 18 20
Delay, TEto TC % 5V #10% Input ns
(Figure 1, 3) ||:)'®L t =t = 6ns 21 24 28
Maximum Propagatio LK CL = 50pF, 22 25 28
Delay, CP to TC 5V £10% Input ns
(Figure 1, 3 tpHL t. =t =6ns 28 33 35
i
o @p ! trn b | 5V £10% Input 15 19 22 ns
@gur 1,3) t.=t=6ns
HNaximum Input
Capacitance Cin ) ) 10 10 10 PF
Power Dissipation — oro TYPICAL
Capacitance Per Gate® Ceo Vv Ty=25°C 60 PF

6. Not production tested in die form, characterized by chip design and tested in package.
7. Used to determine the no-load dynamic power consumption: Pp = Cpp Vo™ + lec Vee.
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Rev 1.0
Timing Requirements® 06/06/19
PARAMETER SYMBOL = Vo | CONDITIONS LIMITS y de
25°C | 85°C | FULL RANGE
Minimum Setup Time, 12 18 20 ns

Pnto CP
Minimum Setup Time,

um ¢ C.= 50pF, 12 18 0 ns
_ SPEtCP_ tsu 5V £10% Input
Minimum Setup Time, t. =t = 6ns 12 18 &\2 ns

MR to CP

Minimum Setup Time,
TE or PE to CP 12 i 20 ns
Minimum Hold Time, 3 3
CP to Pn < ,
— : th 5V £10% Input \ ns
Minimum Hold Time, t.=t =6ns 3 3 3
CPto MR
Minimum Hold Time, Y4
CP to TE or PE X ¥ ° ’
Minimum Recovery CL>‘—F50pF,
Time, SPE Inactive to trec 5V £10% Input 12 17 23 ns

cp & t. A= 6ns
. . CL= 50pF,
Minimum Pulse Width, t, sv +t npt i 5 o _
CP _Inpy
V t, =t =6ns
Maximum Input Rise C. = 50pF,

0,
and Fall times e +10% _Inp_ut
t. =t =6ns

Switching Wavef @

'f

500 500 500 ns

3.0V —
/ RESET (VR)

L — — — GND
tPHL
ANY 1.3V
OUTPUT
1 —

rec 3.0V

CLOCK (CP) 1.3V
tTLH tTHL — — GND

CLOCK (CP)

Figure 1 — Propagation Delay & Clock Timing, Figure 2 — Propagation Delay & Recovery Time,
Clock to Output Reset to Clock
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Rev 1.0
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Switching Waveforms continued
ff
————— 30V — 3.0V
T ENABLE (TE) RESET (MR) 1.3V
t GND AT ———— GND
PLH NS,
t
RIPPLE 90% s 3.0V
CARRY OUT (TC) 185\’ CLOCK _
tTLH e -y - GND
Figure 3 — Propagation Delay & Output Transition Time, Fi U@ Setup & Hold Timing,
Enable to Ripple Carry \ Reset to Clock
* /
INPUTS, Py .y 50V
P1,P2,P3 ' ENABLE T (TE) e——— Valid ———

é\ OR 3.0V
tay th % ENABLE P (PE) >< 1.3V ><
LOAD (SPE / v GND
(SPE) 1.3V 7 \/ ) :
— GND ~ s h > 3.0V
sy > 3.0V CLOCK (CP) 13

———————— GND
CLOCK (CP) 1.3V
_/ o
Figure 5-S upQ{oId Timing, Figure 6 — Minimum Hold Time,
&co Clock Enable to Clock
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Timing Diagram

|
MR (RESET) | : I \F W

SPE (LOAD) ' .‘Q
|
_ = S
PO )
| \ 4
PRESET | py : o~
DATA (0
INPUTS |
)
|_p3 J : l #

| —
P ENABLE | | |
COUNT t
ENABLE
|

|
|
|
TENABLE |
|
|
|

L
OUTPUTS '

f COUNT > INHIBIT —————>
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S QO
Test Circuit &\é

TEST POINT O

OUTP,

DUT ,

X
=S

Il

o

s all probe and jig capacitance

DISCLAIMER: The information given in this document shall in no event be regarded as a guarantee of conditions or characteristics. With respect to
any examples or hints given herein, any typical values stated herein and/or any information regarding the application of the device, Silicon Supplies Ltd

hereby disclaims any and all warranties and liabilities of any kind.

LIFE SUPPORT POLICY: silicon Supplies Ltd components may be used in life support devices or systems only with the express written
approval of Silicon Supplies Ltd, if a failure of such components can reasonably be expected to cause the failure of that life support device or system or
to affect the safety or effectiveness of that device or system. Life support devices or systems are intended to be implanted in the human body or to
support and/or maintain and sustain and/or protect human life. If they fail, it is reasonable to assume that the health of the user or other persons may

be endangered.
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