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6502 MICROPROCESSOR INSTRUCTIONS

i
ADC

AND
ABL

BCC
8cs
BEQ
BT

BNE
BPL
BRK
BvC
BvS
cLe
CcLD
cLl
cLy
cMP
cPX
cPY
DEC
DEX
DEY

EQH

NG
INX
Ny
JMP
JBR

E
=<

SO FFL | = B UiE
Gt

Adg Mamoty 1o Atcumuisior wilh LOA Lo#d AcTumuinio: with kigmory
Carry LOX  Losd index X with Marmcoy
“AND  Memory with Accumuiatos LoY Loag ingex ¥ wila Memory
Shift Leh One Bil iMemory of LER Snuft Augnt one Bl iMemGry Of
Accumulaton: Accumutalart

Branch on Carry Clear NOP  No Opersioe

Branch on Carry Sef ORA  “OR" Memory =ith Acumuisior

Branch on Result Zero
Tast Bets 0 Memory wilh
Accumulator

Branch on Aesult Minus
Branch on RAesvit nel Zarc

PHA  Push Accumutaior an Staze
PHP Push Processor Status oo Stecs
PLA Pull Accumulater from Steck
PLP Bull Processor Statua fror . Sisce

Erancn on Aesult Plus ROL  Fotste One Bt Leh iMemary o
Force Break Accumulator!
Beanch on Ovarfiow Clanr ROR  FRotate One B Aight 'Memary ©f
Branch on Overfiow Se1 Agcumulator

RTI FAeturn (rom interrup!

Ciaar Carry Fin
A RTS RAsturn from Subroutine

Cisar Decmar Mode

Chear interrupt Disabie B BBC  Sublract Memory from Accumuiaior

Ciaat Dverflow Flag with Borrow

Compare Memory asd Accumulator B8EC Sel Carry Flag

Comgars Memory and Indes % BED  Set Decimal Mods

Compare Memary angd Indes ¥ BE! Sel interrupt Disabie Siatus

Drcrement Memory by One $TA  Swre Accumuiator in Memary

Decrement Indes X by One STX Slore Index X w0 Mamory

De. remant Inde: ¥ by One STY  Store Index ¥ in Mamory

“Exciunive-0r Memory with TAX  Transter Accumulator 1o Indes X

Accumuleion TAY  Transter Accumuistor 1o Ingdes T

Incramant Mamory by One Tsx Stack Pointes 1o Index X

Increment Index X by Ona TAA Index X to Accumulaior
TS ¢ Index X 10 Siack Pomnter

increment index Y One
£ TYA  Transter index ¥ 10 Accumulaton

Jump to New Location
Jumnp 10 New Locahon Saving
Raturn Address

THE FOLLOWING NOTATION
APPLIES TO THIS SUMMARY:

Accumulaton FIGURE 1 ASL-SHIFT LEFT ONE BIT OPERATION
Index Registers

sccow 13 2 0 I R M KN R e

Processor Status Register

z':“ Pommiar FIGURE 2 AOTATE ONE BIT LEFT (MEMORY
moge OR ACCUMULATOR)
Mo Change

e oonooanNG

Transter To Stack FIGURE 3

Transfer To

Transler To

Logieal OR

ok WA L':H’{'i’l‘l’T'T‘l"ﬂ
Program Counter High

Program Coumtar Low NOTE 1: BIT — TEST Bi

Operand R o

Immaediste Addressing Mode B 8 and 7 are transferred 1o tha slatus register. If the”

result of A A M m zer0 then 2= i, olherwise Z=0



PROGRAMMING MODEL

L) 1]
; ]

o

7 0
=  ®ecH | PCL ]  PROGRAM cOUNTER
7 0
[o] s ]  stackroinTeR
7 ]
|u] v | [} fo] | | z . PROCESSOR STATUS REGISTER, "P”
] L camny
ZERO
INTERRUPT DISABLE
DECIMAL MOCE
BREAK COMMAND
OVERFLOW
NEGATIVE
tanambly eI 1
Nima , ] Linguag oF Ne |7 Bistus Bag
Dascription Mode Form Code |Bywa| HICIDYW
ADC
Add memory 1o A-M-C —=AC |Immediate ADC =Opar ] 2 V=
accumulator with carry .| Zero Page ADC  Oper L] 2
Zeco Pagex | ADC OperX - | T3 2
Absolute ADC  Oper ] 3
Absolte X | ADC OperX n 3
AbsoluteY | ADC Oper¥ ml 3
(ndwect X) | ADC (OperX) | 81 2
fingwecti ¥ | ADC {OparlY | T1 | 2 |
AND f
~AND" memaory with AAM —A , | immediate AND sOper -] 2 Wf==—=
accumulator Zato Page AND  Oper -} 2
Zero Page.X | AND OparX ® 2
Absolute AND  Oper 2 3
Absclyte X AND Oper.X X )
Absaidie.Y AND OperY n 3
(indgirect X AND  (Oper.X) n 2
Y AND (Oper)Y n 2
ASL
Stwit latt one bit (et Figure 1) | Accumulator | ASL A o 1 | VW-—-
(Mamary of Accumuistor) y Zero Page ASL Opar ] 2
Zaro Pags. ASL Oper X * 2
Absolute ASL Oper 0€ 3
Absolute X ASL Oper X 1 3
BCC
Branch on calry clear Branch on C=0 | Relative BCC Opat w0 2|
BC8
Branch on carny set Beanch on C=1 | Ralative BCS Oper B 2  emcapd
Branch on rasull 2et0 Branch on Z=1 | Relative BEQ Oper FO 2 ey
BIT i ¢
Test bits in memory AAM._ My —=N,| Zero Page BIT* Oper o 2 | M-ty
with accumulator Wy =V Absolula BIT* Oper € 3
BMI :
Branch on result minus | Branch on N-1 | Relative Bl Opar X 2 m—————
BNE
Branch on resull nol 2ero | Branch on 2-0 | Relative BHE Oper - O O s e Cal
BPL D
Branch on resull plus Beanch on N=0 | Ralative BPL oper ~ Wil .
BRK ‘
Force Break. Forced impliad CBAKT ] 1 ——f——
Interrupt
rc-2iPd -
BVC i
Branch on overfiow clear | Branch on Y=0 | Raiative BVC Opet L i O
=y — avua e e T L e

P e t e e 8









s | =l Keambly | WEX
Mo Operation hddrazaing Language or e |TP Status fey
Mode Form Code |yl __l ciey
TXA
Transtet * X X=a Imphiea TXA BA ] e -
| to sccembisto = &
X8
Transter mdex X 1o X =5 Implied TS 4 1 =+
stack posnier
Y-t imphed TYA o 1 A
fo accumuliator s

HEX OPERATION CODES

00 — BRK
01 — ORA — tIngwect. X!
02 — NOP

03 — NOP

04 — NOP

05 — ORA — Zero Page
06 — ASL — Zero Page
o7 — NOF

08 — PHP

09 — ORA — Immediale
OA — ASL — Accumulstor
08 — NOP

oC — NOP

0D — ORA — /bsolute
DE — ASL — Absolute
OF — NOP

0 — 8PFL

M- ORA — lindirect!, ¥
12 — NOP

13 — NOP

1 — NOP

15 — ORA — Zero Page. X
18 — ASL — Zero Page. X
17 — NOP

1 - CLC

18 — ORA — Absoluts. ¥
1A — NOP

18 — NOP

1C — NOP

1D — ORA — Absoiutes, X
1E — ASL — Absoluts. X
IF — HOP

20 — JSR

21 — AND — lindirect, X
»n — NOP

™ — NOP

24 — BIT — Zaro Pege -
25 — ANO — Zero Page
26 — ROL — Zero Page’
2T — NOP "
- PLP

20 — AND — Immadiate
2A — ROL — Accumuistor
28 — NOP :

2C — BIT — Absoluls
20 — AND — Absolute
2E — ROL — Absclute

2F — NOP

30 — BMI

31 — AND — indurectt, ¥
32 = NOP .
33 — NOP

34— NOP

35 — AND — Zevo Page X
38 — ROL — Zevo Page. X
37 — NOP

M — SEC

39 — AND — Apsociute. Y

A — NOP

38 — NOP =«

aC - NOP

I0 — AND — Absoiute. X

3E — ROL — Absolute. X

IF — NOP
40 — ATI
41 — EOR — lingwect, X1
42 — NOP
43 — NOP
44 — NOP

45 — EOR — Zero Page
46 — LSA — Zavo Page
47 — HOP

48 — PHA

49 — EOR — immadiate
4A — LSA — Accumulato
48 — NOP

4C — JMP — Apsolute
4D — EOR — Absolute
4E — LSA — Absohste

4F — NOP
50 — BVC
51 — EOR undwect!. ¥
52 — NOP
53 — NOP
54— NOP

85 — EOR — Zero Page. X
56 — LSA — Zaro Page. X
57 — NOP

58 — CLt
59 — EOR — Avsonile, ¥
SA — NOP
58 — NOP
5C — NOP

50 — EOR — Apsoiute. X

- SE — LSR — Absoiute, X

SF — NOP
~ RTS
61 — ADC - dingwrect. Xi
62 — NQF
83 — NOP
&4 — NOP

85 — ADC — Zero Page
8 — ROR — Zero Page
&7 — NOP

68 — PLA

69 — ADC — imm dusle
6A — AOR — Accumulator
B8 — NOP

BC — WP — Indirect

60 — ADC — Apsolute
6E — ROA — Absoiule

6F — NOP
70 — BVS
T1 — ADC = iingwect!, ¥
12 — NOP
73 — NOP
T4 — HOP

75 — ADC — Zero Page. X

T8 — m_—l«nﬁm.l

7T — NOP

78 — SEI

78 — ADC — Absolute. ¥

TA — NOP

78 — NOP

1C— NOP

70 — ADC — Absoiuts, X NOP
TE — ROA — Absoluls, X NOP

7F — NOP

. 80— NOP :
81 — STA — tingusct. X1
82 — NOP :
8 — NOP

84 —STY — Zaro Page
85 — STA — Zero Page
86 — STX — Zero Page

87 — NOP
88 — DEY
89 — NOP
BA — TXA
88 — NOP

BC — STY — Absoiute

84



8D = 5TA — Apsoiute Bd — LDY — Igro Page X OB - NOP

#E — STX — Apsotute 85 — LDA — Jero Page ¥ OC — HOP

o — ROP B6 — LDX — Zwic Page ¥ 0D —~CMP — Absolule X
%0 — BCC Bl — NOP DE — DEC — Absotute. X
21 — STA — inairect ¥ 88 — CLV 0f — NGP

2 — NOP B9 — LDA - Apsorute ¥ E0 — CPR — smmedals
1 — NOP BA — TSX EY — SBC — ilngvwect X!
4 — STY — Zaro Page X BE — NOP E2 — NOP

#5 — STA — Zerc Page X BC —:0Y - Absolute X E3 — NOP

98 — STX — Zoto Page.¥ BC — LDA - Apsoiute X E4 — CPX — Zera Page
97 — NOP B — LDX - AbDsolute. ¥ ES — SBC — Zero Page
8 — TYA AF - NOP £6 — INC — Zero Page
0 — STA — Absciuie ¥ Co — CPY - immea-, E7— NOP

BA — TXS L1 = CMP — lindirect. ¥t E8 — INX

8 — NOF C2z — NOP E9 — SBC — immadaie
9C - NOP €3 = NOP EA - NOP

PO — STA — Absofute X €4 — CPY - Zero Page EB — HOP

#E — NOP L4 = CMP — Zara Page EC — CPX - Absolute
BF — HOP C& — DEC — Zero Page ED — SBC — Absolule
A — LDY — immecete C7 — HO® EE — INC — Absoiuie
A1 — LDA — lindwect, X! CB — INY EF — NOP

AZ — LDX — immedists C§ — CMP — Immadale FC — BEQ

AY - NOF CA —DEX F1 — SBC — tindirech, ¥
Ad - LDY — Zero Page ce — J £2 — NOFP

A% — LDA — Zero Page CC —CPY — Absoluls F3 — NOP

a6 - LOX — Zeic Pege CO —CMP — Absoiute F4 — NOFP

AT - NOP CE — DEC — Absoiule F% — SBC — lero Page X
As — TAY CF — NOP F& — INC — Zero Page, X
A% - LDA — Immadisie D0 — BNE FT -- NOP

AA — TAX 01 - CMP — tndirect. ¥ Fg — SED

AB - NOP 02 - NOP F9 i~ SBC — Absolute Y
AC —LDY — Apschute 01 - NOP FA — NOF

AD - Apsciule D4 — NOP FB — NOP

AE — LDK& — Avanlute T5 — CMP — Zuero Page. X FC — NOP

AF — NOP d8 -- DEC — Zaro Page ¥ FD — SBC — Absolute X
80 — BCS D7 — NOP FE — INC - Absoiume X
81— LOA - undwect ¥ o8 — CLD FF — NOP

B2 — NOP D§ - CMP — Absolule ¥
ay — NOP Oa = NOP
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LOGIC DIVISION JANUARY 1982
s
FLIP-FLOPS 54/7474,1574A, 574
AC SETUP REQUIREMENTS T,=25°C, Vg =5.0v
PARAMETER TEST CONDITIONS oo e SN0 uNIT
Min Max Min Max Min Max
tw(H) Clock pulse width (HIGH) Waveform 1 30 25 6 ns
twil) Clock pulse width (LOW) Waveform 1 37 7.3 ns
Set or reset pulse width
twiL) (LOW) Waveform 2 30 25 7 ns
Setup time (HIGH) data to
ty(H) cfook Waveform 1 20 3 ns
t(L) Setup time (LOW) data to Waveform 1 20 20 a P
clock
ty Hold time data to clock Wavedorm 1 5 5 2 ns
{ AC WAVEFORMS
CLOCK TO OUTPUT DELAYS, DATA SETUP AND SET AND RESET TO OUTPUT DELAYS,
HOLD TIMES. CI.OCK PULSE WIDTH SET AND RESET PULSE WIDTHS
’ ]—_ .-
SET (Sp) \r.. Vaa
't ML) |-
cP 7! Ym y‘ Vm % Vi |
RESET (Rp) Vi 3‘ 74 Vi
teL L]
] \ LM / Vi teHL
_7‘ -
———[— LN ‘mu—l——l
a / Vi N Vi |‘——-T' PLH
\ 7“&-
V= 1.3V for SALSITALS: V= 1.5V for all oum T
The shaded areas ind«ate whan the input is permitted to change for
p oulput p
4 Wavelorm 1 Waveform 2

TEST CIRCUITS AND WAVEFORMS

TEST CIRCUIT FOR 54/74 TOTEM-POLE OUTPUTS

INPUT PULSE DEFINITIONS

— ANP (V)
vee vee
I NEGATIVE v
PULSE
bt 10% b
v v
SLER i k. L LD LM = e
GENERATOR PP
|'f|.nl|!l l-ruun»-—l o
-2 AMP
m% 90% s
RT cL D POSITIVE
PULSE VM Vi
10%: 8 . NP
L et - - = = Vi = 1.3V for S4LSITALS; Vyy = 1.5V for all other TTL families.
DEFINITIONS S INPUT PULSE REQUIREMENTS
A = Load resistor 10 Viog: s88 AC CHARACTERISTICS for vatue. Arritiie, L vp e | Datee PP Lun ) e
€y = Load capacitance includes |ig and probe capacitance; see Al CHARACTERIS- 5474 aov 1Mz 500ns Tns Tns
TICS for value.

Ay = Termination resistance should be equal to ZgyT of Pulse Gsreratars. SALATLS 3oV 1Mtz S00ns oon | Gna
D = Diodes are 1N916, TN3084, or equivalent. 54SIT. 10V 500
LM ITHL Values should be less than or equal to the table entries. s s -~ b s

Signetics
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COUNTERS

54/7490, LS90

AC SETUP REQUIREMENTS T, =25°C, Voo = 5.0V

PARAMETER TEST CONDITIONS o s UNIT
o Min Max Min, Max
i Q-ED pulse width Waveform 1 50 15 ns
tw  CP, pulse width Waveform 1 50 30 ns
tw MS, MR pulse width Waveform 2 50 15 ns
tec Recovery time, MR to_gﬁ Waveform 2 25 ns
_i:, Recover time, MS to CP Waveforms 2 & 3 25 ns

AC WAVEFORMS

| Miax {
<P VM Vm ™
|— tw
phL LK
" Vi Vi
Wavelorm 1

.aJm—m ~

— w —v:-!—-m—'
=3 | w
... = ooy
a u
Waveform 2

cp

The number of Clock Pulses required between the tpg iy

toun——|

g VA SN, T

Vi = 1.5V for 5474 and 54SIT48. Vi = 1.3V for SALSITALS.

"l*\

Waveform 3

and tpyL can be from the iate Fi Table.

TEST CIRCUITS AND WAVEFORMS

TEST CIRCUIT FOR 54/74 TOTEM-POLE OUTPUTS INPUT PULSE DEFINITIONS
— W | Yo AMP (V)
vee vee | ol
NEGATIVE
PULSE | £
R ov
v
CULEx > DT o = m.ncld—J —
GENERATOR T,
— THU [
AWP (V)
AT cL o POSITIVE o
PULSE Vi
:[ 10%-4 fln N 10% e
=T = == = Vg = 1.3V for SALSITALS: Vi = 1.5V for afl otiver TTL families.

DEFINITIONS SR IRPUT PULSE REQUIREMENTS
R =Load resistor 10 Vo 588 AC CHARACTERISTICS for valus. Ampiiade | Mep. Axte | Puive Witth | tyuy | tra]
€y =Load i jig and probe see AC CHARACTERIS- 5474 3av 1MHz S00ns ins Tns

5 TICS for value.
A= Termination resistance should be equal 1o Zgyt of Pulse Generators, S4LSITALS 30V MH2 500ns 1508 | @ha
D = Diodes are IND1E, 1N3084, or equivatent. 7
ITLH: T Yalues should be less than or egual to the lable entries. bovatod Box {horis- Sooes | 28m | 28me

Signetics

¥
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LOGIC DIVISION

X N -8 Dscodarmemulﬂrﬂxer

* Demultiplexing capability e TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
¢ Multiple input enable for DELAY (Total)

easy expansion 7418138 20ns 6.3mA
¢ |deal for mm ﬂ'ﬂ_p 745138 7ns 49maA

select decoding
* Direct replacement for

Intel 3205
DESCRIPTION ORDERING CODE

- . COMMERCIAL RANGES MILITARY RANGES
The n::: IM‘:"'?’ ::;’:h::‘"m PACKAGES Voo =8V 25%; Ty m0%C 16 +70°C | Voo @BV = 10%; Ty & - 55°C to + 125°C
porviry Provides elght mutually exclusive, | Piastic DIP N74S138N * N74LS138N

tr.-tlnt :..ow omb:.rtll ©-7. The du:m foe | Ceramic DIP | N748138F  N74LS138F S54S138F s  S54LS138F
tures three Enable inputs: two active LOW
(E,, E,) and one active HIGH (Ey). Every | Flatpack S545138W «  S54L5138W

output will be HIGH unless E, and E, are
LOW and E; is HIGH. This muitiple enable
function allows easy parallel expansion of
the device to a 1-0f-32 (5 lines to 32 lines)
decoder with just four '138s and one In-

e INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

The device can be used as an eight output PINS DESCRIPTION 54/74S 54/74LS
demultiplexer by using one of the active ym i 1Sul 1LSul

LOW Enable inputs as the Data input and nputs -

the remaining Enable inputs as strobes. All Outputs 10Sul 1OLSul

Enable inputs not used must be perma- NOTE

nently tied to their appropriate active Where a 54748 unit load (Sul is 50sA liy and - 2.0mA iLs and a S474LS unit load (LSuD I8 206A Iy and
HIGH or active LOW state. =~ 04mA Iy .

PIN CONFIGURATION LOGIC SYMBOL LOGIC SY“BOL (IEEE/NIEC)
458
N
Ag O] 5 vee | l |
ng RN
Az 3] wk
E [ (73] %
] Bk
Es [£] mE
T mi | T S IO e T
ano [E] B
LA R R L R T S
Veg=Pinis
GND=Pin g
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DECODERS/DEMULTIPLEXERS

54/741.5138, 5138

TEST CIRCUITS AND WAVEFORMS

TEST CIRCUIT FOR 54/74 TOTEM-POLE OUTPUTS

Vee vce
I AL
- ViN Vour
GENERATOR DuT.
AT CL o

DEFINITIONS

Ry = Load resistor 1o Vo see AC CHARACTERISTICS for value.

C|_= Load capacitance includes jig and probe capacitance; see AC CHARACTERIS-
TICS for value.

Ry = Termination resistance should be equal to Zgyt of Pulse

INPUT PULSE DEFINITIONS

ol

0%

AMP (V)

Vi = 1.3V for S4LSI7ALS; Viy = 1.5V for all othar TTL tamiiles.

D =Diodes are 1NG16, 1N3084, or equivalent.
TLH: trL Vslues should be less than or equal 10 the table entries.

PANILY INPUT PULSE RECUIREMENTS
Amplitude | Rup. Rats | Pulas Width | 1y | trme
S4IT4 3av 1MHz 500ns 7rs ns
S4LSTALS Jov 1MHz 500ns _15ns | 6ns
548745 30V tMHz | 500ns 25ns | 2508
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LOGIC DIVISION JANUARY 1982

COUNTERS 54/74192, 54/74193, L5192, LS193

LOGIC DIAGRAM, '193

Dg 0y by oy

““t (18) (1 (1)
?L

5) 1
cPy

13

) : Tep
CPp
04
na-bt
] @ ® m
Qg 0y 0y 0y
Veg=Pin 18
GND=Ping
STATE DIAGRAM, '193 MODE SELECT—FUNCTION TABLE, '193
LOGIC EQUATIONS FOR OPERATING INPUTS OCUTPUTS
ﬁr:mws..cou;v MODE [ mR| PL[cpycPo| Dy [Di[ D, [0, [0, 0, @, @, TE,] TEs
= 0:th-02-Oy-Cry o e R A R e T
Too=8g-31-82-8y- Ty P Lyt xEx i ntxixlxixte o o ] wln
L L X E PEEREPEDE P B Bk H kL
S e = o B W e ) S N R e (Tl I
Pasistiond Lol vl Ot e lnindalnte & v slid u
L L H X|IH|H|H|H|H H H H H H
Count up Li#W]t HOLX XX Count up MW ] H
Countdown | L | H| H O B [ 1 s Count down H | K@
H = HIGH voltage lavel
L = LOW voltage level
X =Dont' care
| = LOWAo-HIGH clock transition
o, :°1ng CPy at terminal count up (HHHH). j At
; - at term count up
SOV TN, e d. TCp=CPp at terminal count down (LLLL):
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LOGIC DIVISION JANUARY 1982
¢
COUNTERS 54/74192, 54/74193, L5192, L§193
FUNCTIONAL WAVEFORMS (Typical clear, load, and count sequences)
Py *192 DECADE COUNTER
LOAD :; |= ]
3 o o  Oflenietodblndbuspucperpm et
F S oy e watcrf p
T e e L e e
| [ = = o
h""‘rl—'r"
e LWLl
1 |
oL bp L I L..I'I.I”LJ"I..I'LFT"
L. o A ey O T o K B o T
e W NI et | = | L W LT
outputs{  — |2 |
Ll LTl ol 1T
opl B L% "
P 1 .
ol I8 5 “ t L
sommow ! 1 0 & 2 | ™ g
mlw!|ﬂ[[:||oe|l I o I
USTANTED e r—counrm-—-—-— [~ COUNT DOWN
NOTES
1. Clear overrides load, data, and ¢ount inpuls.
2. When counting up, count-down input musi be high; when counting down, cout-up Inpul
must be high. .

FUNCTIONAL WAVEFORMS (Typical clear, load, and count sequences)
*193 BINARY COUNTER

LOAD 1 _j' _
P o e i e i sy S Y e el
L . —— . - -
S —— - ——— - —————

B ITE | ) i . s . . .

L —— e ——— -

|

L

T

1 1

L Fan 3 7,

s TR T RT3 R Ld | 1
BORROW T ™= T 1 +
seouence.  Jol 14 e S T Tl T 0w

WLUSTRATED e e COUNT UP e COUNT DOWN
CLEAR PRESET

NOTES

1. Clear ovarrides load, deta, and count inpuls.

2. When counting up, count-aown input must ba high, when counting down, count-up input
must be high.

Sianeti
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COUNTERS

54/744192, 54/74193, 15192, L5193

AC WAVEFORMS

CLOCK TO OUTPUT DELAYS
AND CLOCK PULSE WIDTH

Myaax |

CPy or CPp

Vm

Wavelorm 1

PARALLEL LOAD PULSE WIDTH,
PARALLEL LOAD TO OUTPUT DELAYS,
AND PARALLEL LOAD TO CLOCK RECOVERY TIME

CLOCK TO TERMINAL COUNT DELAYS

CPy or CPp

ey or T

Wavelorm 2

MASTER RESET PULSE WIDTH,
MASTER RESET TO OUTPUT DELAY &
MASTER RESET TO CLOCK RECOVERY TIME

MR

I-— hwy Vi Vi
L M !\ } " —-L 'm~|
CPy or CPp ‘ Vi
CPy or CPp
I"’lnn *—*m" }"'PHI. I
Qy Vi Ym %n Vi
Waveform 3 Waveform 4
SETUP AND HOLD TIMES
DATA TO PARALLEL LOAD (PL)
a, /= o/ A
Vi = 1.5V for 84/74 and 545/ 748, Vg = 1.3V for mﬂLs.
The shaded arexs indicate whén ha input is permitied to change for predictable
oulput performunce.
Waveform 5
APPLICATION
B-BIT UP/DOWN COUNTER WITH PAML&EL LOAD
DATA INPUT
Vo,
e k=l Tk
Do Dy Dz Dy Do Dy D2 D3
UP CLOCK TCy p———j{cPy ) TCy |—— CARRY
DOWN GLOCK CPp b o] - Sa— 11:: TCp }— BORROW
PL MA ‘PL MR
Qg Oy O O |-_ Qg Oy Q3 Oy
PARALLEL LOAD |
RESET
b - ~ ra
OUTPUT

TR

I



FUNCTION TABLE
INPUTS OUTPUTS
O, [ L IO Y]
L L L L L L
L H L H H H
H X H X @ | @

H = HIGH voltage levei
L = LOW voltage level
X = Don't care

@) = HIGH Impedance (off) state

PIN CONFIGURATION

TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY (Total)
T74L.S244 12ns 25mA
745244 6ns 112mA

ORDERING CODE

PACKAGES | | e e 5 70°C | Voo v 210%iTam = 5°Cte + 8%
Plastic DIP N74LS244N * NT4S244N
Ceramic DIP TALS244F o N74S244F S54L.S244F . S545244F
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE
PINS DESCRIPTION 54745 SAITALS
All Inputs 1Sul 1LSul
All Outputs 24Sul 30LSul

NOTE

A 4748 unlt 1084 (Sul) I8 S0xA Ijyy and — 2.0mA Iy, and & S4TALS unit load (LSul) is 20kA Iy &Nd — D.4mA Iy

LOGIC SYMBOL

LOGIC SYMBOL (IEEE/NIEC)

u—"—tl—ﬁ—:

5.

L LT,

:. IT Em

AT Nz

r

Ll ket
?-—n-v: ﬂ‘—-l!
I .
b Lo
L att
Lo o2
L o
L. !

1









LOGIC DIVISION JANUARY 1982
BUFFERS 54/7415244, 5244
AC WAVEFORMS
WAVEFORM FOR NON-INVERTING OUTPUTS 3.STATE ENABLE TIME TO HIGH LEYEL
AND DISABLE TIME FROM HIGH LEVEL
Vin Vu Vi
Lm PLK
Your -1 AL -l Vu
Waveform 1 Waveform 2

3-STATE ENABLE TIME TO LOW LEVEL
AND DISABLE TIME FROM LOW LEVEL

OF Vi e

lm.-l l—vu—l

a \ Vi ? =15V
0.5V

Waveform 3

Vg = 1.3V for SALSITALS, Vyy=1.5V for all othar TTL familles.

Signetics
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LOGIC DIVISION JANUARY 1982
DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.)
54/74L.5245
PARAMETER TEST CONDITIONS' UNIT
Min Typ? Max
AVy;  Hysteresis (Vy,-Vi_) Vec= MIN 0.2 0.4 v
Vou HIGH-level output voltage Vec= :f": ";;:; s, lon=MAR 20 v
L IQL,,_- - 3mA 24 3.4 v
Vo= MIN, o = MAX Mil 0.4 v
VoL LOW:-level output voltage Vig = MIN, Com'l 0.5 v
ViL= MAX lou=12mA | 74LS 04 v
Vi Input clamp voltage VGC = MIN, ||=lx -1.5 v
Off-state output current, = = -
lozn  pyiGH-level voltage applied Voo = MAX, Vg =27V, CE=2.0V 20 uA
Off-state output current, . ;
loz. | Ow.1evel voit spplied Voo = MAX, Vo= 0.4V, CE= 2.0V - 200 wA
Input current at maximum V=55V A, B inputs 0.1 mA
Ve = MAX St
h input voltage co= V=70V S/A, TE inputs 0.1 mA
™ HIGH-level input current Vo_g_- = MAX, V,=2.TV 20 '}
N LOW-level Input current Vee = MAX, V= 04V -0.2 mA
Short-circuit output N =
los  current® Voo = MAX 40 130 mA
lccw Outputs HIGH 48 70 mA
lcc  Supply current! (total) Vg = MAX lecy  Outputs LOW 62 9 mA
lccz Outputs OFF 64 85 mA
NOTES
1. For conditions shown as MIN or MAX, use the appropriate value spacitied under for the type.

2. All typical values are at Vg =5V, Ty = 25°C.
3 Igg Is tested with Vgyr= + 0.5V and Voo = Vg MAX + 0.5V. Not more than one oulput should be shorted at & lime and duration of the shor circuit should not exceed one

second.
4. Mossure Igg with outputs apen,
AC WAVEFORMS

WAVEFORM FOR NON-INVERTING OUTPUTS 3-STATE ENABLE TIME TO HIGH LEVEL AND
DISABLE TIME FROM HIGH LEVEL

|"nul.'1 |-'n.u

v Yu Vi
out =18V

Waveform 1 Wavelorm 2
Vi = 1.3V lor SALSITALS. Vyy = 1.5V lor all other TTL tamies

3-STATE ENABLE TIME TO LOW LEVEL AND
DISABLE TIME FROM LOW LEVEL

=1.5V

0.5V

Waveiorm 3

Signetics
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)f LOGIC DIVISION JANUARY 1982

TRANSCEIVER 5417415245

AC CHARACTERISTICS T,=25°C, Vg =50V

54LS/TALS
PARAMETER TEST CONDITIONS C, = 45pF, R, = 8870 UNIT
Min Max
teun Propagation delay Waveform 1 12 ns
touL Propagation delay Waveform 1 12 ns
tpzn Enable to HIGH Wavaform 2 40 ns
e Enable to LOW Waveform 3 40 na
tewz __ Disable from HIGH Waveform 2, Cy = 5pF 25 ns
{ tmz  Disable from LOW Waveform 3, C,_= 5pF 25 ns
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JANUARY 1982

LATCHES/FLIP-FLOPS

54/741.8373, 54/74L5374, 5373, 5374

The 3-State output buffers are designed to
drive heavily loadéd 3State buses, MOS
memories, or MOS microprocessors. The

active LOW Output Enable (OF) controis.

LOGIC DIAGRAM, '373

all eight 3-State buffers independent of
the register operation. When OE is LOW,
{he déta in the register appears at the out-
pute. When OE is HIGH, the outputs are in

the HIGH impedance "off" state, which
means they will neither drive nor load the
bus.

) > o, o e o o o
® o (14 on
% L] m _L nnl
b s ,!. )\ A P £ ] l_L [1
E D E D E D E D E D E o E D E D
. X & & 5 5 5 8 &
~ GND = Pin 10
ot —>
m [ ha [ ™ (12 ™ [ om
Qg Qy Gy ay Qs Qg 9y
LOGIC DIAGRAM, ’374
Dy Dy Dy Og Dg O
@ “ ) ® ] (10 an o
e P I 1 L I 1
cr cP D cP D ) CPF D ) cP D cP D
. ] 3 3 3 s g 3
e ! ! ! ! ! !
“' | f l@ ™ loa s e (19
‘ % o o oy 0 o5 0y o
MODE SELECT-—-FUNCTION TABLE, '373
INPUTS OUTPUTS
OPERATING MODES 58 & 5 INTERNAL REGISTER s
Enable and read register t 4 . . "
Latch and read register t t r" : ;
Latch register and disable outputs : > |'1 .'_" :g
MODE SELECT—FUNCTION TABLE, ’37_4
INPUTS OQUTPUTS
OPERATING MODE TERNAL REG
s —5E - 7 IN EGISTER s
Load and read register :: & : "_'l h
Load register and disable outputs : : rl: :; %

H = HIGH voitage level

h = HIGH voltage level one setup time prior to the LOW-to-HIGH clock transition or

HIGH-to-LOW OE transition
L = LOW voitage level

| = LOW voltage leve! ons setup time prior 10 the LOW-to-HIGH clock transition or
HIGH-10-LOW BE transition
(@)= HIGH Impedance "off" state
I = LOW-to-HIGH clock transition

Signetics
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LOGIC DIVISION

JANUARY 1982
LATCHES/FLIP-FLOPS 54/7418373, 54/7415374, 3373, $374
ABSOLUTE MAXIMUM RATINGS (Over operating free-air temp range unless otherwise noted.)
PARAMETER 54LS 545 74LS 74S UNIT
Vee Supply voltage 70 7.0 7.0 70 '}
i -05to ~05to -05 to =05to
Vin  Input voltage +7.0 +55 +70 +55 b
-30to =30 to -30to ~30 to
In Input current 1 +5 #1 +5 mA
-05to -05to0 -05to -05to
Vour  Voltage applied to output in HIGH output state. e s P iy v ?
Ta Operating free-air temperature range - 55to +125 Oto 70 *Cc —_—
RECOMMENDED OPERATING CONDITIONS
S4IT4LS 54/T48
ARAMETER T
" e Min Nom Max Min Nom Max -
" S Mil 45 5.0 55 45 5.0 55 v
]
cc Pply voltage Com'l | 4.75 5.0 5.25 4.75 5.0 5.25 v
Vi HIGH-level input voltage 20 2.0 v
Mil +0.7 +08 v
v LOW:-level input L]
. i i Com'l +0.8 +0.8 v
Ik Input clamp current -18 -18 mA
1 HIGH-level output current v : llos e WL
o i
i OX] St cure Com'l -28 -85 mA
I LOW-level output current o 2 - o
-1g an
. GRSy Cor'l 2 20 mA
Mil ~55 +125 -55 +125 o]
P ing free-air t
A Operating free-air P ure e o 70 0 70 c
NOTE

ViL= + 0.7V MAX for 545 at Ty = + 125°C only,

Signetics






LOGIC DIVISION

126

JANUARY 1982

LATCHES/FLIP-FLOPS

54/7415373, 54/741L5374, 5373, 5374

AC WAVEFORMS

LATCH ENABLE TO OUTPUT DELAYS
AND LATCH ENABLE PULSE WIDTH

TR T PN SR
h.::‘"'-‘—;l Wi...,1

Wavelorm 1

3-STATE ENABLE TIME TO LOW LEVEL
AND DISABLE TIME FROM LOW LEVEL

3 Vi Vm
|- L -I m-—.
Q \ Va ? =1.5V
0.8V

Waveform 3
DATA SETUP AND HOLD TIMES

W

Waveform 5

Wavetorm 7
V= 1.5V for 54174 and B4SIT4S, Vjy= 1.3V for S4LS/74LS.

The shaded arses Indicate whan Ihe input is parmitted to change for p outpul per

3STATE ENABLE TIME TO HIGH LEVEL
AND DISABLE TIME FROM HIGH LEVEL

PROPAGATION DELAY DATA
TO Q OUTPUTS

%M

Qp i Vi
Waveform 4
CLOCK TO OUTPUT DELAYS
AND CLOCK PULSE WIDTH

1 Wi
cr '™ Vg Vi
I:-‘F':Lm- 'llul-l
Q Vi Vi
Waveform &

t"n

Signetics
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LOGIC DIVISION JANUARY 1982
LATCHES/FLIP-FLOPS 54/741L5373, 54/74L5374, 5373, 5374
AC SETUP REQUIREMENTS T,=25°C, Veo=50V
S4T4LS 54/74S
NI
PARAMETER TEST CONDITIONS i . in — UNIT
tydH) ' 1% L]
tll) Latch Enable pulse width Waveform 1, '373 15 73 ns
ts Setup time, Data to Latch Enable Wavetorm 6, ‘373 5 0 ns
th Hold time, Data to Latch Enable Wavetorm §, '373 20 10 . ns
tydH) : 15 8
| twb) Clock pulse width Wavetorm 8, '374 15 73 ns
ty Setup time, Data to Clock Wavetorm 7, "374 20 5 ns
th Hold time, Data to Clock Waveform 7, "374 0 2 ns

TEST CIRCUITS AND WAVEFORMS

TEST CIRCUIT FOR 3:STATE OUTPUTS INPUT PULSE DEFINITIONS
Voc
R N
T % ] T o em
Vi 7 8 NEGA Vi Vi
s > DT >- mmm
‘GENERATOR: ; 10% 10% w
:
L2 Shx o TLH() — |._
e L e o THL—] e
i’l e AMP (V)
SWITCH POSITION AL
Toat Bwiteh Swiohz | o 0% o
‘s o - 1
.t:!z:_‘ Open Lo Vi = 1.3V for SALSITALS; Viy = 1.5V for ail other TTL tamilies.
tpHz Closed Closed
Pz Clossd Tlossd
DEFINITIONS
AL = Losd esistor (0 Vo see AC CHARACTERISTICS o veve FAMILY WIPUT PULSE NEQUIABARTS
c._. mimmmmiummm Ampiitude | Rep. Rate | Pulse Width | typy | free
HARACTERISTICS
RTnTlmnlnullan mumu m be equal to Zgyr of Pulse | 54/74 3oV TMHz 500ns Tns | Tns
D= Dlun are TND16, 1N30B4, or equivalent. SaLSITALS ov 1MHz 500ns 15ns | 6ns
1K for SAI74, SASITAS, Ry = 5k for SELSITALS.
?L: Iy Values should S Lona Wi equal to the table entries. tmobiusd Jov 1MHz. 500ns 253 | 2.5n
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