@ MOTOROLA

DECADE COUNTER;
DIVIDE-BY-TWELVE COUNTER;
4-BIT BINARY COUNTER

The SN54/741.890, SN54/74L.592 and SN54/74LS93 are high-speed
4-bit ripple type counters partitioned into two sections. Each counter has a di-
vide-by-two section and either a divide-by-five (LS90), divide-by-six (LS92) or
divide-by-eight (L.§93) section which are triggered by a HIGH-to-LOW transi-
tion on the clock inputs. Each section can be used separately or tied together
(Q to CP) to form BCD, bi- -quinary, modulo-12, or modulo-16 counters. All of
the counters have a 2-input gated Master Reset (Clear), and the LS90 also
has a 2-input gated Master Set (Preset 9).

* Low Power Consumption . . . Typically 45 mW

s High Count Rates . . . Typically 42 MHz

e Choice of Counting Modes . . . BCD, Bi-Quinary, Divide-by-Twelve,
Binary

® Input Clamp Diodes Limit High Speed Termination Effects

PIN NAMES LOADING (Note a}
HIGH LOW

CPy Clock (Active LOW going edge) Input to 05U.L. 15U.L.
+2 Section

@1 Clock (Active LOW going edge) Input to 0.5U.L. 20UL.
+5 Section (LS90), +6 Section (LS92)

CP4 Clock (Active LOW going edge) Input to 0.5UL. 1.0U.L.
+8 Section (LS93)

MR, MRo  Master Reset (Clear) Inputs 0.5U.L. 0.25U.L.

M8y, MSy  Master Set (Preset-9, LS90) Inputs 0.5U.L. 025 U.L.

Qg Output from +2 Section (Notes b & ¢) 10U.L |55y UL

Q1,Q2, Q3 Outputs from +5 (LS90), +6 (LS92), 10UL |[5(@5U.L.
+8 (LS93) Sections (Note b)

NOTES:

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.

b. The Output LOW drive tactor is 2.5 U.L. for Military, (54) and 5 U.L. for commercial (74)
Temperature Ranges.

¢. The Qg Outputs are guaranteed to drive the full fan-out plus the EP{ input of the device.

d. To insure proper operation the rise {tr) and falt time (t5) of the clock must be less than 100 ns.

LOGIC SYMBOL

LS90 LS92
67
ﬁ_a
MS
14 —qCPy 14 —CPy
1—dcpy 1 —dcpy
MR Qg Q4 Qp Q3 MR Qg Q1 Q5 Q3

ﬁ_a

|

23129 8N 671219 8
Vec=PINS Vee=PINS

GND =PIN 10 GND =PIN 10

NC = PINS 4,13 NC=PINS 2,3,4,13

SN54/74LS90
SN54/74LS92
SN54/74LS93

DECADE COUNTER;
DIVIDE-BY-TWELVE COUNTER;
4-BIT BINARY COUNTER

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 632-08

N SUFFIX
PLASTIC
CASE 646-06

D SUFFIX
SolIC
CASE 751A-02

A

ORDERING INFORMATION

SN54LSXXJ Ceramic
SN74LSXXN Plastic
SN74LSXXD  SOIC
LS93
14 —q CPy
1 —qCPy
MR Qg Qq Qs Q3

|1 2' ’
23 129 81
Vcc=PINS

GND = PIN 10
NC=PIN4,6,7,13
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LOGIC DIAGRAM CONNECTION DIAGRAM
DIP (TOP VIEW)
® LS90 B — _
mg; :D 1 ] chi! 14 ¢F
O l l & 5 2 13 NC
5 5 5 5 MR1
D D D D
_® J7Fa —J T Ql— JYa RV Q— MRZE ":2] Qo
CPg =——dcp ——dcp —d cP dcp o[ Mo
_ _ _ N 3
Kcp@ Kep KepQ S¢p0
i b i vocl Aot
& O] ms; (E] 9] ay
@ O
MR MSp 8] 0,
MRy @?D_ ! ® : ] @Q
0 1 2 3 NC = NO INTERNAL CONNECTION
O = PIN NUMBERS NOTE:
Vcc=PIN5 The Flatpak version has the same
GND=PIN 10 pinouts (Connection Diagram) as
the Dual In-Line Package.
LOGIC DIAGRAM CONNECTION DIAGRAM
DIP (TOP VIEW
LS92 (To )
CPy E‘ CPo
L nel2] [13) nC
- @ J Qb J Q J Q J Q 3 E
CPy = cp ~dop | ——dcp cp nel3] B!
KgpQ KgpQ KgpQ KgpQ nef4] o
o b 1 1 b veclEl 10 GND
ﬁ1 @ MR E 9] Q2
=T > |® ® |0 e[ Blo;
O] Qp Q 02 Q3
NC = NO INTERNAL CONNECTION
O = PINNUMBERS NOTE:
Vec=PINS The Flatpak version has the same
GND =PIN 10 pinouts (Connection Diagram) as
the Dual In-Line Package.
LOGIC DIAGRAM CONNECTION DIAGRAM
LS93 DIP (TOP VIEW)
¢ 0] 14 CPy
B J o Qp JQ J oo [v o I H ELS
CPy —dcp —q cpP cp —d cP
_ _ _ _ MR, 3] 2 ag
KC[)Q KCDQ KC[)Q KCDQ
neld] 1] o
o 1 1 { b
Py veeEl 9 GND
w2 lle o ® of B
2 ® Qo [*]] Q2 Q3 NCE E Q
O = PIN NUMBERS NC = NO INTERNAL CONNECTION
Vee=PINS NOTE:
GND = PIN 10

The Flatpak version has the same
pinouts (Connection Diagram) as
the Dual In-Line Package.
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FUNCTIONAL DESCRIPTION

The LS90, LS92, and LS93 are 4-bit ripple type Decade,
Divide-By-Twelve, and Binary Counters respectively. Each
device consists of four master/slave flip-flops which are
internally connected to provide a divide-by-two section and a
divide-by-five (LS90), divide-by-six (LS92), or divide-by-eight
(LS93) section. Each section has a separate clock input which
initiates state changes of the counter on the HIGH-to-LOW
clock transition. State changes of the Q outputs do not occur
simultaneously because of internal ripple delays. Therefore,
decoded output signals are subject to decoding spikes and
should not be used for clocks or strobes. The Qg output of
each device is designed and specified to drive the rated
fan-out plus the CP4 input of the device.

A gated AND asynchronous Master Reset (MR{ « MR2) is
provided on all counters which overrides and clocks and
resets (clears) all the flip-flops. A gated AND asynchronous
Master Set (MSq1 » MSp) is provided on the LSS0 which
overrides the clocks and the MR inputs and sets the outputs to
nine (HLLH).

Since the output from the divide-by-two section is not
internally connected to the succeeding stages, the devices
may be operated in various counting modes.

LS90

A. BCD Decade (8421) Counter — The CP1 input must be ex-
ternally connectedtothe Qg output. The CPginput receives
the incoming count and a BCD count sequence is pro-
duced.

. Symmetrical Bi-quinary Divide-By-Ten Counter — The Q3
output must be externally connected to the CPgq input. The
input countis then applied to the CP 1 input and a divide-by-
ten square wave is obtained at output Qg.

C. Divide-By-Two and Divide-By-Five Counter — No external
interconnections are required. The firstflip-flopisused as a
binary element for the divide-by-two function (CP as the
input and Qg as the output). The CP4 inputis used to obtain
binary divide-by-five operation at the Q3 output.

LS92

A. Modulo 12, Divide-By-Twelve Counter — The CP{ input
must be externally connected to the Qg output. The CPgin-
put receives the incoming count and Q3 produces a sym-
metrical divide-by-twelve square wave output.

. Divide-By-Two and Divide-By-Six Counter —No external
interconnections are required. The firstflip-flop is used as a
binary element for the divide-by-two function. The CP1 in-
put is used to obtain divide-by-three operation at the Q1
and Q2 outputs and divide-by-six operation at the Qg out-
put.

LS93

A. 4-Bit Ripple Counter — The output Qg must be externally
connected toinput CP4. The input count pulses are applied
to input @0. Simultaneous divisions of 2, 4, 8, and 16 are
performed at the Qq, Q1, Qp, and Q3 outputs as shown in
the truth table.

. 3-Bit Ripple Counter— The input count pulses are applied
to input CP1. Simultaneous frequency divisions of 2, 4, and
8 are available atthe Q1, Qo, and Q3 outputs. Independent
use of the first flip-flop is available if the reset function coin-
cides with reset of the 3-bit ripple-through counter.
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LS90 LS92 AND LS93
MODE SELECTION MODE SELECTION
RESET/SET INPUTS OUTPUTS R‘E’?ﬁ; OUTPUTS
MR{ |MR2|MS1|MS2|| Qo Q1 Q2 Q3
R H L X L L L L MR{|MR2|| Qo Q91 Q2 Q3
H H X L L L L L H H L L L L
X X H H H L L H L H Count
L X L X Count H L Count
X L X L Count L L Count
Lpxy x|t Count H = HIGH Voltage Level
XqjLrjLryx Count L=LOW VoltagieLevel
H = HIGH Voltage Level X = Don't Care
L = LOW Voltage Level
X =Don't Care
LS90 LS92 LS93
BCD COUNT SEQUENCE TRUTH TABLE TRUTH TABLE
OUTPUT OUTPUT OUTPUT
COUNT COUNT COUNT
Gp 01 Q2 Q3 Gp @1 Q2 Q3 Q &4 Q2 Q3
0 L L L L 0 L L L L 0 L L L L
1 H L L L 1 H L L L 1 H L LL
2 L H L L 2 L H L L 2 L H L L
3 H H L L 3 H H L L 3 H H L L
4 L L H L 4 L L H L 4 L L H L
5 H L H L 5 H Lt H L 5 H L H L
6 L H H L 6 L L L H 6 L H H L
7 H H H L 7 H L L H 7 H H H L
8 L L L H 8 L H L H 8 L L L H
9 H L L H 9 H H L H 9 H L L H
NOTE: Output Qg is connected to Input 10 L L H H 10 L H L H
CP4 for BCD count. " H L H H n H H L H
NOTE: Output Qg is connected to Input 12 L L H H
CPy. 13 H L H H
14 L H H H
15 H H H H
NOTE: Output Qp is connected to Input
CPy.
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GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit

vee Supply Voltage 54 4.5 5.0 55 \
74 475 5.0 5.25

Ta Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70

IoH Output Current — High 54,74 -0.4 mA

loL Output Current — Low 54 4.0 mA
74 8.0

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
ViH Input HIGH Voltage 2.0 v All Inputs
54 0.7 Guaranteed Input LOW Voltage for
A Input LOW Volta \
IL pu ge 74 0.8 Alt Inputs
VIK Input Clamp Diode Voltage -0685 | -1.5 \ Voo =MIN, iN=-18 mA
54 25 | 35 v VGG = MIN, IgH = MAX, Vi = V
cC » 1OH » VIN = VIH
VOH Output HIGH Voltage 72 7 a5 v or Vi per Truth Table
54,74 025 | 04 v oL =4.0mA Vce = Voo MIN,
VoL Output LOW Voltage ViN=V|LorViH
74 0.35 0.5 " loL=80mA per Truth Table
20 HA Voo =MAX, Viy=27V
lIH Input HIGH Current cc
0.1 mA Vec=MAX, VIN=70V
Input LOW Current
MS, MR -0.4
L CPg -2.4 mA Voo =MAX, V=04V
CP1 (LS90, LS92) -3.2
CP4 (LS93) -1.6
los Short Circuit Current (Note 1) -20 -100 mA Veoe = MAX
Icc Power Supply Current 15 mA Ve = MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
FAST AND LS TTL DATA
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AC CHARACTERISTICS (Tp = 25°C, VoG = 5.0 V, G| = 15 pF)

Limits
LS90 LS92 Ls93

Symbol Parameter Min Typ | Max | Min | Typ | Max | Min | Typ | Max Unit
fMAX CPyg Input Clock Frequency 32 32 32 MHz
fMAX CP1 Input Clock Frequency 16 16 16 MHz
tPLH Propagation Delay, 10 16 10 16 10 16

tPHL CPg Input to Qg Output 12 | 18 12 | 18 12 | 18 ns
:EH: CPg Input to Q3 Output gi gg gi gg :g _7/8 ns
:gh’: CP4 Input to Q1 Output }2 ;? 12 ;? 12 ;? ns
:ﬁh’: CP1 iInput to Qo Output 2:13 gg 12 ;? 2113 gg ns
:FP’:::: CP4 Input to Qg Output ;; gg 3; gg g: :} ns
tPLH MS Input to Qg and Q3 Outputs 20 30 ns
tPHL MS Input to Q1 and Q2 Outputs 26 40 ns
tPHL MR Input to Any Output 26 40 26 40 26 40 ns

AC SETUP REQUIREMENTS (Tp = 25°C, Vo =5.0V)
Limits
LS90 LS92 LS93

Symbol Parameter Min Max Min Max Min Max Unit
tw CPg Pulse Width 15 15 15 ns
tw CP1 Pulse Width 30 30 30 ns
tw MS Pulse Width 15 ns
tw MR Pulse Width 15 15 15 ns
trec Recovery Time MR to CP 25 25 25 ns

RECOVERY TIME (t/gc) is defined as the minimum time required between the end of the reset pulse and the clock transition from HIGH-to-LOW in order to recognize
and transfer HIGH data to the Q outputs

AC WAVEFORMS

CP o qay 13V 13V

e
tPHLJ-—-‘ tw‘-L—T 1PLH

Figure 1
“The number of Clock Pulses required between the tpyy and tp| | measurements can be determined from the appropriate Truth Tables.

MR & Msm 3V MS M\Q\1 3V
"_tw_’l‘"recﬂ #‘recﬂ

lPHLJ-—-‘ QpeQg P L—ﬂ
U <LS90)I\_

Figure 2 Figure 3
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