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@ MOTOROLA

BCD TO 7-SEGMENT
DECODER

The SN54/74L.548 is a BCD to 7-Segment Decoder consisting of NAND
gates, input buffers and seven AND-OR-INVERT gates. Seven NAND gates
and one driver are connected in pairs to make BCD data and its complement
available to the seven decoding AND-OR-INVERT gates. The remaining
NAND gate and three input buffers provide lamp test, blanking input/ripple-
blanking input for the LS48.

The circuit accepts 4-bit binary-coded-decimal (BCD) and, depending on
the state of the auxiliary inputs, decodes this data to drive other components.
The relative positive logic output levels, as well as canditions required at the
auxiliary inputs, are shown in the truth tables.

The LS48 circuit incorporates automatic leading and/or trailing edge
zZero-blanking control (RBI and RBO). Lamp Test (LT) may be activated any
time when the BI/RBO node is HIGH. Both devices contain an overriding
blanking input (Bl) which can be used to control the lamp intensity by varying
the frequency and duty cycle of the Bl input signal or to inhibit the outputs.
* | amp Intensity Modulation Capability (BI/RBO)

* [nternal Pull-Ups Eliminate Need for External Resistors
¢ Input Clamp Diodes Eliminate High-Speed Termination Effects

CONNECTION DIAGRAM DIP (TOP VIEW)
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ORDERING INFORMATION

SNE4LSXX) Ceramic
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SNTALSXXD  SOIC
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SN54/74L.548

PIN NAMES LOADING (Note a)
HIGH LOW

A B CD BCD Inputs 05UL. 025UL.
RBI Ripple-Blanking (Active Low) Input DBUL 025UL.
T Lamp-Test {Active Low) Input 0.5UL. D25 UL
BI/RBO Blanking Input or Ripple- 0D5UL. D75UL

Blanking Output (Active Low) 1.2UL. 2(1)U.L.
Bl Blanking (Active Low) Input 0.5UL. D25U.L

Open-Collector 3T75(1.25) UL (48)
NOTES:

a) Unit Load (U.L.) = 40 pA HIGH! 1.6 ma LOW
) Qutut current measured atVoyT=05V
Output LOW drive factor is SNS4LS/T4L548: 1.25 UL for Military (S4), 2.75 U L for Commercial (74).

[ J_I:‘\ (IR L

o1 2 3 4 5 & 7T B % 10 M 12 13 14 15

NUMERICAL DESIGNATIONS — RESULTANT DISPLAYS

TRUTH TABLE

SN54/74LS48
NPUTS QUTPUTS
® \ / —
DECIMAL
OR T |RET |D |CJe|A)BVRED Ja|bfcfjd]e]f]o | NOTE
FUNCTION
o H H L JLjL|L H HJHJHH|HHE L 1
1 H X L JLJL|H H LIHA L L L L 1
2 H X L JLj=|L H H{HJL JH|H]JL |H MOTES:
3 H x L JL=|E H HIHIHHE L L | (1) BURBC is wired-AND logic serving as blanking input (81} andlor
4 H X HEEn H Lhal=ale e l=]x npple-blanking output (REQ). The blanking out (51} must be open
5 m " "l T [ r = I 7 2 or held at a HIGH level when oquuJ._functons 0 through 15 are
desired, and ripple-blanking input {REBI) must be open or at a HIGH
& H A o H o I A level if blanking of a decimal 0 is not desired. X=input may be HIGH
T H x L |HJH|H H HIHA L L L L or LOW.
] H X H JLfL|L H HIHJH | H|= | {21 When a LOW level is applied to the blanking input {forced condition)
o m X "IN ™ = "1 I3 D all segment outputs goto a LOW level, regardiess of the state of any
cther input condition. _
L A X i N sl k o A N L el I (31 When ripple-blanking input (R8I} and inputs &, 8, C, and D are at
1 H A | H JL]H|H H LILJHE QL e LOW level, with the lamp test input at HIGH level, all seament
12 H x H |HQL L H LIHL L L= ]E cutputs go fo a HIGH level and the ripple-blanking output (REO)
12 4 v e [elfL - H BN goes to a LOW level (response condition). —
(41 When the blanking inputiripple-blanking cutput (BURBO) is open or
14 H ] = [ [H]=]L H Ljcfee]n]=]x k . / !
- held at a HIGH level, and a LOW level is applied o lamp-tesi ingut,
15 H | % |HJH]=]H H eyt all segment cutputs go to a LOW level.
BT X x LA S o L LjLgLgrjLopL gL 2
e H Lol o] L Lo e E
ju) x L B EAB H HJHJH [H]= |H 2
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DECADE COUNTER;
DIVIDE-BY-TWELVE COUNTER;
4-BIT BINARY COUNTER

The SN54/74L590, SN54/74L592 and SN54/74LS93 are high-speed
4-bitripple 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 (LS93) section which are triggered by a HIGH-to-LOW transi-
tion on the clock inputs. Each section can be used separately or tied together
(G 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 LS30 also
has a 2-input gated Master Set (Preset 9).

+ | ow Power Consumption . . . Typically 45 mW

+ High Count Rates . . . Typically 42 MHz

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

+ Input Clamp Diodes Limit High Speed Termination Effects

SN54/74LS90
SN54/74L592
SN54/74L593

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

LOW POWER SCHOTTKY

PIN NAMES LOADING (Mote a)
HIGH LOW
TPy Clock (Active LOW going edge) Input to D5 UL 15UL
+2 Section
TPy Clock (Active LOW going edge) Input to D5 UL 20UL.
=5 Section (LS90), <6 Section (LS92)
TP Clock (Active LOW going edge) Input to D5UL 1.0UL
+8 Section (LS93)
MRq, MR2  Master Reset (Clear) Inputs D5 UL 025UL.
MSq, MSy  Master Set (Preset-9, LS90) Inputs D5 UL 025UL.
Qp Output from +2 Section (Notes b & ¢ 10UL |5(25 UL
Q1,Qz, Q3 Outputs from <5 (LS90), <6 (LS52), 1UL | 525 UL
+8 (LS93) Sections (Mote b)
NOTES:

a. 1 TTL Unit Load (U.L.) = 40 pA HIGHM.8 m& LOW.

3. The Cutput LOW drive factor is 2.5 ULL. for Military, (54) and 5 U.L. for caommercial (74)
Temperature Ranges. _

¢. The Qp Outputs are guaranteed to drive the full fan-out plus the CPy input of the device.

d. To insure proper aperation the rise (i) and fall time () of the clock must be less than 100 ns.

LOGIC SYMBOL

IR | SuFFix
Iﬁi CERAMIC
CASE 632-08
14
1
»’. N SUFFIX
]' PLASTIC
y CASE 646-06
)
D SUFFIX
. s0IC
) CASE 751A-02

ORDERING INFORMATION

SNEALSXXJ Ceramic
SNTALSXXN  Plastic
SNT4LSXXD  SQIC

Ls90 Ls92
67
12
NS
14 —qCF) 14 —qCrg
1—qC 1 =—qCPy
MR QpQjQ; MR Qg Q10203

1

-
£

N

| ]

3
| ﬁ
1

231209 8 BT 12119 6
Vo =PING Voo =PING
GND = PIN 10 GND = PIN 10
NC =PINS 4, 13 NC=PINS2,3.4, 13

Yy

Ls83

14— CPy

P1

MR QpQqQy0Q3
B

Voo =PING

GND =PIN 10

23129
NC=PIN4, 6,7 13




SN54/74LS90 « SN54/74LS92 « SN54/74L.593

LOGIC DIAGRAM

CONNECTION DIAGRAM
DIP (TOP VIEW)

® LS90 W,
M3 7] 75,
NS %D“ ’ | o[ i iz
s o s L & MRy 2] [GElne
U - ] - =Un =
® | ik R MRy 3] Do
TPy —qcCF ——q CP —Ccr o CP
l“’.C:U hCEj Fc_‘u _'ﬁSQu NCE EQB
7 o i3 vecEl 0] GND
o 2 wsi [ Flay
=220 le o Jo I
MR a- A -
©) O O @ 03 NC = NO INTERNAL CONNECTION
() =PIN NUMBERS MNOTE:
Voo =PING The Flatpak version has the same
GMD =PIN 10 pinouts {Connection Diagram) as
the Dual In-Line Package.
LOGIC DIAGRAM CONNECTION DIAGRAM
DIP (TOP VIEW
LS92 ( Y, )
o7 B i

@ | Qe LJ Q J o Qb J Ok
CFp ={cr —d cp P P
L by { T
Tfl-7|cj
MR ®

o] 0 4} (%]
() =PIN NUMBERS
Ve =PINS
GMD =FIN 10

nc[2] 13 e

E 2

nc[4] MmN
vee Bl 0] D
MR o
MR [T} F] 03

NC =NO INTERNAL CONNECTION

MOTE:

The Flatpak version has the same
pinouts {Connection Diagram) as
the Dual In-Line Packags.

LOGIC DIAGRAM

LS93
@ |l °H Joa—= [voaH+ b ol
TP = cp —dcp — CP b P
H:DC F.C-.?j HCDC {'CDC
o 1 1 1 T
TFy
e,
r:Hg':D‘ ® ® ® ®
® Qg Q4 oy} Q3
(O =PIN NUMBERS
Vo= PING
GND = PIN 10

CONNECTION DIAGRAM
DIP (TOP VIEW)
h—y
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MOTE:

The Flatpak version has the same
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the Dual In-Line Package.
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FUNCTIONAL DESCRIPTION

The LS20, 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
(LS52) 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 oufputs do not occur
simultanecusly 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 CP1 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 (MSq « MS2) is provided on the LS90 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.

Lso0

A. BCD Decade (842 1) Counter— The CPq input mustbe ex-
ternally connected to the Qp output. The CPpinputreceives
the incoming count and a BCD count sequence is pro-
duced.

. Symmetrical Bi-quinary Divide-By-Ten Counter — The Q4
output must be externally connected to the CPg input. The
input count is then applied to the CP input and a divide-by-
ten square wave Is obtained at output Qg.

C.

LS
A

LS
A

Divide-By-Two and Divide-By-Five Counter — No external
interconnections are required. The firstflip-flopisusedas a
binary element for the divide-by-two function (CPq as the
inputand Qg as the output). The TP inputis used to obtain
binary divide-by-five operation at the Qg output.

92

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

. Divide-By-Two and Divide-By-Six Counter —No external

interconnections are required. The firstflip-flopis used as a
binary element for the divide-by-two function. The TPy in-
put is used to obtain divide-by-three operation at the Q1
and Qg outputs and divide-by-six operation at the Q3 out-
put.

93

4-Bit Ripple Counter — The output Qg must be externally
connected to input CP 4. The input count pulses are applied
to input CPQ. Simultaneous divisions of 2, 4, 8, and 16 are
performed at the Qg, @1, Q2, and Q3 outputs as shown in
the truth table.

. 3-Bit Ripple Counter— The input count pulses are applied

to input CP4. Simultaneous frequency divisions of 2, 4, and
8 are available atthe Q1, Q2, 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.

LSS0 LS92 AND LS93
MODE SELECTION MODE SELECTION
RESET/SET INPUTS QUTPUTS |§|I|E:=?F[g OUTPUTS
MR4q |[MRz | MSq[MS2 ]| QGp @1 Qz Q3
H| e[ L]|x L L L[ L MR1|MR2|] Qo @1 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
L » X L Count -
H = HIGH Yoltage Leve
X L L X Count L = LOW Voltage Level
H = HIGH “oltage Lavel = = Don't Care
L = LOW Voltage Lewvel
# = Don't Care
LS990 Lsg2 LS93
BCD COUNT SEQUENMNCE TRUTH TABLE TRUTH TABLE
OUTPUT OUTPUT OUTPUT
COUNT COUNT COUNT
Qp Q1 Qp Q3 Qp @ Qz Q3 Qp Q1 Qp 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 L L
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 L H L 5 H L H L
5] L H H L [ 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
- 10 L L H H 10 L H L H
MNOTE: Cutput @ ted to Input
Py for BL(.IZI:ZJ:JcouEt.IS FonnEeE e 1 H L H H 11 H H L H
HOTE: Output Qg is connected to Input 12 L L H H
CcPy. 13 H L H H
14 L H H H
15 H H H H

YY

MNGTE: Quiput Qg is connected o Input
CPy.
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4-BIT BIDIRECTIONAL

UNIVERSAL SHIFT REGISTER

The SN34/74L5194A is a High Speed 4-Bit Bidirectional Universal Shift
Register. As a high speed multifunctional sequential building block, itis useful
in a wide variety of applications. It may be used in serial-serial, shift left, shift
right, serial-parallel, parallel-senal, and parallel-parallel data reqgister trans-
fers. The LS194A is similar in operation to the LS195A Universal Shift
Register, with added features of shift left without external connections and
hold (do nothing) modes of operation. It utilizes the Schottky diode clamped
process to achieve high speeds and is fully compatible with all Motorola TTL

families.

* Typical Shift Frequency of 36 MHz

Asynchronous Master Reset

Hold (Do Nothing) Mode

Fully Synchronous Serial or Parallel Data Transfers

Input Clamp Diodes Limit High Speed Termination Effects

.- ® & @

CONMNECTION DIAGRAM DIP (TOP VIEW)
Voo Qp @4 G, Q3 CP 54 Sp

[1e] [1s] [1e] [sa] [v2] [s1] [vo] [o]

SN54/74LS194A

4-BIT BIDIRECTIONAL
UNIVERSAL SHIFT REGISTER

LOW POWER SCHOTTKY

nﬁ;’ J SUFFIX
II’ CERAMIC
CASE 620-09
16
1
A
) PLASTIC
5 CASE 64808
1
D SUFFIX
& SOIC
A CASE 751B-03

[2f [s] Lo [s] Lol L] Le]

Dsp  Pp P4 Pa Pq Dg. GND

L
MR

ORDERING INFORMATICN

SNBALSXXX)  Ceramic
SNTALSXXXN  Plastic
SNTALSXXXD S0IC

PIN NAMES LOADING (Note a)
HIGH LOW
50. 51 Mode Contral Inputs 05UL 025 UL.
Pp-P3 Parallel Data Inputs 05UL 025 UL.
Dsr Senal (Shift Right) Data Input 05UL 025 UL.
DgL Serial (Shift Left) Data Input 05UL 025 U.L.
CP. Clock (Active HIGH Going Edge) Input 0.5 UL 025 UL.
MR Master Reset (Active LOW) Input 05UL 025 UL.
Qp-Q3 Parallel Outputs (Mote b) 10 U.L. 5{25) UL

NOTES:
a. 1 TTL Unit Load (U.L.} = 40 pA HIGHM.G ma LOW.

b. The Output LOW drive factor is 2.5 UL for Military (54) and 5 U.L. for Commercial (74)

Temperature Ranges.

Y&




SN54/74LS194A

LOGIC DIAGRAM p
4

Pa P3

b

84
Sn —| >0

Lo

®

DsL

Dsr

Ve =FIN 16
GND=FIN&
O = PIN NUMBERS

CLEAR

CLEAR

CLEAR CLEAR

®

Qo

FUNCTIONAL DESCRIPTION

The Logic Diagram and Truth Table indicate the functional
characteristics of the L3194A 4-Bit Bidirectional Shift Regis-
ter. The LS194A is similar in operation to the Motorola LS 195A
Universal Shift Register when used in serial or parallel data
register transfers. Some of the common features of the two
devices are described below:

All data and mode control inputs are edge-triggered,
responding only to the LOW to HIGH transition of the Clock
(CP). The only timing restriction, therefore, is that the mode
control and selected data inputs must be stable one set-up
time prior to the positive transition of the clock pulse.

The register is fully synchronous, with all operations taking
place in less than 15 ns (typical) making the device especially
useful for implementing very high speed CPUs, or the memory
buffer registers.

The four parallel data inputs (Pp, Pq, P2, P3) are D-type
inputs. When both Sg and Sq are HIGH, the data appearing on
Pp, P4, P2, and Painputsis transferred to the Qg, @4, Qz, and

@

Qg

®

Q3

*)]

Q3 outputs respectively following the next LOW to HIGH
transition of the clock. _

The asynchronous Master Reset (MR), when LOW, over-
rides all other input conditions and forces the Q outputs LOW.

Special logic features of the LS134A design which increase
the range of application are described below:

Two mode control inputs (Sp, S1) determine the synchro-
nous operation of the device. As shown in the Mode Selection
Table, data can be entered and shifted from left to right (shift
right, Qg  Qq, efc.)orrighttoleft (shiftleft, Q3  Qp,etc.), or
parallel data can be entered loading all four bits of the register
simultaneously. When both Sg and Sq,are LOW, the existing
data is retained in a *do nothing™ mode without restricting the
HIGH to LOW clock transition.

D-type serial data inputs (Dgr, Dg| ) are provided on both
the first and last stages to allow multistage shift right or shift left
data transfers without interfering with parallel load operation.

MODE SELECT — TRUTH TAELE

OPERATING MODE INPUTS QUTPUTS
MR $q S0 DsRr DsL Pn Qp | O Q2 Q3
Reset L X X X X X L L L L
Hold H | | X X X qo q1 qz qs3
Shift Left H h | X | X q1 qz q3 L
H h | X h X a1 | @ a3 H
Shift Right H | h I X X L a0 qq q2
H | h h X X H qo q q2
Parallel Load H h h X X Pn Pp P P2 Py

L = LOW “oltage Level
H = HIGH Voltage Leve
¥ =Don't Care

| = LOW voltage level one set-up time pricr fo the LOW to HIGH clock transition
h = HIGH voltage level one set-up fime prior to the LOW to HIGH clock transition
oy (an) = Lower case letters indicate the state of the referenced input (or output) one set-up time prior to the LOW to HIGH clock transition.

Yy
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UNIVERSAL 4-BIT
SHIFT REGISTER

The SN54/74LS195A is a high speed 4-Bit Shift Register offering typical
shift frequencies of 39 MHz. It is useful for a wide variety of register and
counting applications. It utilizes the Schottky diode clamped process to
achieve high speeds and is fully compatible with all Motorola TTL products.
e Typical Shift Right Frequency of 39 MHz
e Asynchronous Master Reset
e J, K Inputs to First Stage
e Fully Synchronous Serial or Parallel Data Transfers
e Input Clamp Diodes Limit High Speed Termination Effects

CONNECTION DIAGRAM DIP (TOP VIEW)
Vec Q Q@ Q@ Q3 Q@ CP PE

[16] [1s] [1a] [1s] [12] [11] [r0] [o]

NOTE:

The Flatpak version

) has the same pinouts
(Connection Diagram) as

the Dual In-Line Package.

Lo L2 (8] Lad 5] Led 2] Ls

MR J K Py Py Py P3 GND

SN54/74LS195A

UNIVERSAL 4-BIT
SHIFT REGISTER

LOW POWER SCHOTTKY

PIN NAMES LOADING (Note a)
HIGH Low
E Parallel Enable (Active LOW) Input 0.5U.L. 0.25 U.L.
Po-P3 Parallel Data Inputs 0.5U.L. 0.25U.L.
J First Stage J (Active HIGH) Input 0.5U.L. 0.25 U.L.
K First Stage K (Active LOW) Input 0.5U.L. 0.25 U.L.
CP. Clock (Active HIGH Going Edge) Input 0.5U.L. 0.25 U.L.
MR Master Reset (Active LOW) Input 0.5U.L. 0.25 U.L.
Qp-Q3 Parallel Outputs (Note b) 10UL | 5(25)U.L.
Q3 Complementary Last Stage Output (Noteb) 10 U.L. | 5(2.5) U.L.
NOTES:

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

CERAMIC

J SUFFIX
B
CASE 620-09

N SUFFIX
N PLASTIC
CASE 648-08

/ D SUFFIX
© solc
) CASE 751B-03

ORDERING INFORMATION

SN54LSXXXJ  Ceramic
SN74LSXXXN  Plastic
SN74LSXXXD SOIC

LOGIC SYMBOL
LI
PE Py P4 Py P
2 J 0F1F2F3
10— CP Q3 p— M
3 KMRQoQ1 Q Q3

T

115 14 13 12

Vce = PIN 16
GND=PIN8
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SN54/74LS195A

LOGIC DIAGRAM

PE J

K Po P Py P; MR CP
® %7@ OO ® ® Q) ®J7
_ _ _ Y
g s g
R CD Qo R CD RCD RCDQ3
—>cp e e e
—>—s  q—t s ot DS o 'Ps a3
Vo =PIN 16 ® ® ®—‘ ®
GND=PIN8 % o % o 0

(O =PINNUMBERS

FUNCTIONAL DESCRIPTION

The Logic Diagram and Truth Table indicate the functional
characteristics of the LS195A 4-Bit Shift Register. The device
is useful in a wide variety of shifting, counting and storage
applications. It performs serial, parallel, serial to parallel, or
parallel to serial data transfers at very high speeds.

The LS195A has two primary modes of operation, shift right
(Qp — Q1) and parallelload which are controlled by the state of
the Parallel Enable (PE) input. When the PE input is HIGH,
serial data enters the first flip-flop Qg via the J and Kinputs and
is shifted one bitin the direction Qg — Q1 = Q2 — Q3 following
each LOW to HIGH clock transition. The JK inputs provide the
flexibility of the JK type input for special applications, and the
simple D type input for general applications by tying the two

pins together. When the PE inputis LOW, the LS195A appears
as four common clocked D flip-flops. The data on the parallel
inputs Pg, P1, P2, P3 is transferred to the respective Qq, Q1,
Q2, Q3 outputs following the LOW to HIGH clock transition.
Shiftleftoperations (Q3 — Q2) can be achieved by tying the Qn,
Outputs to the P—1 inputs and holding the PE input LOW.

All serial and parallel data transfers are synchronous,
occurring after each LOW to HIGH clock transition. Since the
LS195A utilizes edge-triggering, there is no restriction on the
activity of the J, K, Pn and PE inputs for logic operation —
except for the set-up and release time requirements.

A LOW on the asynchronous Master Reset (MR) input sets
all Q outputs LOW, independent of any other input condition.

MODE SELECT — TRUTH TABLE

INPUTS OUTPUTS
OPERATING MODES

MR PE J K Ph | Q @ Q2 Q3 Q3
Asynchronous Reset L X X X X L L L L H
Shift, Set First Stage H h h h X H a0 a1 a2 a2
Shift, Reset First H h | | X L a0 (o[ q2 Qa2
Shift, Toggle First Stage H h h | X (0] q90 q1 2 a2
Shift, Retain First Stage H h | h X q0 d0 q1 a2 q2
Parallel Load H | X X Pn PO p1 p2 p3 pP3

L = LOW voltage levels
H = HIGH voltage levels
X =Don't Care

| = LOW voltage level one set-up time prior to the LOW to HIGH clock transition.
h = HIGH voltage level one set-up time prior to the LOW to HIGH clock transition.
Pn (an) = Lower case letters indicate the state of the referenced input (or output) one set-up time prior to the LOW to

HIGH clock transition.
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