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Abstract

This project is designec and developed to Analog to Digital
card used for Microcomputer PC XT/AT which -is controlled by
software. And there are many characteristics:

~having 2 channel input and maximum input voltage 17 volt.,

-adjusting ¢gain or attenuation of signal and sampling " rate
by software.

-maximum of sampling rate about 1 MHz .

-saving all datas 2 Mby:e by static random access memory.

Wy -saving datas ingstatic memory such that floppy digk, or

harddisk.

-many methods in displaring data such that Numeric data and
signal graph which can be adjusted Voltage/division and
Time/d;vision as same as oscilloscope. And being sble to print

signal wave and Numeric data by printer.
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National
Semiconductor
Corporation

LM118/LM218/LM318
Operational Amplifiers

General Description

The LM118 series are precision high speed operational am-
pihers designed for epplications requiring wide bandwidth
and high slew rate. They feature a factor of ten increask in
speed over general purpose devices without sacrificing DC
performance.

The LM118 series has internal unity gain frequency com™

pensation. This considerably simplifies its application since
no extemal components are necessary for operation. How-
ever, unlike most intemally compensated amplifiers, exter-
nal frequency, compensation may be added for optimum
performance. For inverting applications, feediorward com-
pensation will boost the slew rate to over 150V/ps and 8k
most double the’ bandwidih. Overcompensation can be
used with the amplifier for greater stability when maximum
bandwidth Is not needed. Further, a single capacitor can be
sdded to reduce the 0.1% settling time to under 1 ps.

The high speed and fast settling time of these op amps
make them useful in A/D converlers, oscillators, active fil-

ters, sample and hold circuits, or general purpose amplifiers.
These devices are easy 1o apply and offer an order of mag-
nitude better AC performance than industry standards such
as the LM709. .

The LM218 is identica! to the LM118 except that the LM218
has its performance specified over a —25°C to +85°C tem-
perature range. The LM318 is specified from 0°C to + 70°C.

Features . )

m 15 MHz smali signal bandwidth -
® Guaranleed 50V/ps slewrate = <

& Maximum bias current of 250 nA

m Operates from supplies of +5V to $20V

= Internal frequency compensation

= Input and output overload protected

® Pin compatible with general purpose op amps

Connection Diagrams

Metal Can Package®
COMPERSATION.2

BALANCE/
COMPENSATION 1

SALANCY
COMPLRSATION-3

TUH/TIEE-2

Top View

*Pwi connechons shown on schematc dayem
and typical apphcatons are 1or TO-5 peckaga.

Order Number LM 118H, LM218H or LM318H
See NS Package Number HO8C

Dual-In-Line Package

BALICOMP - 1—4 U LY cowr-2
INPUT ol 7 v
+
NpuT — § pureut
vy 5. savcowr-3
e TLWTI66-3
Top View
Order Number LM 118J-8, LM318J-8,
£M318M or LM318N

See NS Package Number JO8A, MOSA or NO8B

v
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Absolute Maximum Ratings

1

i Military/Aerospace specified devices are required, Operating Temperature Range
contact the Nalional Semiconductor Sales Office/ LM118 -55°C10 +125)C
Distnbutors for availability and specifications. . LM218 —25'Cto +85°C
§ (Note 6) M3 | 0'Cto +
Supply Voltage =20V Storage Temperatre Range —65°'Cto +160°C
Power Dissipation (Note 1) 500 mW Lead Temperature {Soldering. 10 sec.)
Ditferentia! Input Current (Note 2) +10mA Hermetic Package 300°C
Input Voltage (Note 3) *15V s I;ljas_bc P'a;:kage. 260C
NP . - oldering Information
Output Sho,:1—C|rcull Duration Indefinite Duakln-Line Package
Soldering (10 sec.) 260°C
N Small Outiine Package
Vapor Phase (60 sec.) 215'C
Infrared (15 sec) 220°C
See AN-450 ""Surlace Mounting Methods and Their Effect
on Product Reliability™ for other methods of soldering sur-
face mount devices. ,
ESD rating to be determined.
Electrical Characteristics (Note4) -~
Parameter Conditions Llajadipeis L1 Unlts
Min Typ | Max | Win Typ | Max
Input Ofiset Voltage Ta=25C 2 4 4 10 mv
Input Offset Current Ta = 25°C 6 50 30 200 nA
Input Bias Current Ta=25C 120 | 250 150 { 500 nA
Input Resistance Ta = 25°C 1 3 05 3 MO
Supply Current N\ Tp= 25°C 5 | 8 5 | 10 | ma
Large Signa! Voltage Gain Ta = 25°C,Vg = 115V , G
V 200 V/my
Vout = 210V, R 2 2k W o £
Slew Rate Ta= 25°C,Vg = 215V, Ay = 1
. . 7 70 v/
(Note 5) 5 > 0 »
Small Signal Bandwidth Ta= 25°C,Vg = +15V 15 15 MHz
tnput Ofiset Voltage 6 15 mV
Input Oftset Current 100 300 nA
Input Bias Current 500 750 | nA
Supply Current .Ta=125C 45 | 7 mA
Large Signal Voltage Gain Vg = 215V, Vpoyr = 210V 25 20 v/imV
RL22kN
Output Voltage Swing Vg = 215V,R = 2kN . +12 | %13 412 | %13 A
tnput Voltage Range Vg = 15V 4115 . +115 v
Common-Mode Rejection Ratio 80 100 70 100 dB
Supply Voltage Rejection Ratio 70 80 €5 80 dB

Note 1: The

© of the LM118 is 150°C. the LV.218 is 110°C, and the LM218 is 110°C. For oparatng 81 slevated temperatures, 0evions

T RINCHON

#n the TO-5 pathage must be doraled based on 8 thema! ressstance ©f 150°C/W, juncuon 10 embient, or 45°CIW, Mctonbuu Themunn!mmdhe
duatindng package is 100°C/W, junction 1o ambient
Note z‘lhemnsnv-Mao-muamdooesiumqemleam.mﬁm,nwyeWﬂh-looﬂvmibmmwhmd
1V is apphed betwden the inputs unless $OMe kMIbng resistancs is wed
Note 3: For supply voliages bess than 2 15V, the absohste maximum ingxn voltage is equal to the supply vohage.
Note 4: These specifications apply for =5V <€ Vg £ 220V and —55°C £ Tp € +125C (LM118), —25°C S TA < +85C (LM218), and O°C £ Tp < +70C

(LM218). Also, powes Supphss must be bypassed with 0.1 uF desc canacilons. *
Note 5: Siow rate is ¥0316d whh Vg = 15V, Theulﬂakh.v&yganrmmmqw-m:m vwkmm—v.svw-wsvmummm
slew rates between — 5.0V and + 5 OV and vice verss are tasied gnd puaranieod 10 exceed S0V/pus.
Note 6: Refer 10 RETS118X for LM118H .rlud LM118J)-8 miltery specitcations.
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Typical Performance Characteristics Lmie, Lm218 (Continued)
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. Typical Performance Characteristics Lm3is (Continued)
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Auxiliary Circuits \
Feedforward Compensation
for Greater Inverting Siew Ratet
oK Compensation for Minimum Settling? Time '
AAA— sof '
RN " 11
i
X 10K
{——vW\——¢
o
WUl ——AAA—4 V. B1pt .
p—— OUIPUT . )
INPUT ——AAA—E
1Slew rale typrcally 150V/ps.
*Balance cicuit necessary for p—- CUTPUT

increased slow.

25K
BALANCE"

TUH/TTE-B

Otiset Balancing
vt G K

TUR/TIE6-10

Typical Applications -
Fast Voltage Follower® .

Sof -

p—~DUTPUT

Do not hero-wire 85 voliage
. , folower (R1 2 SkN)

< Wwrrres-13

Isolating Large Capacitive Loads

1Siew and setthng
timo to 0.1% for 8 *
10V step change

-

3 {

TU/H/TI66-B (

Overcompensation

ouIPYT

TI/HIT765-12

TL/H/TTE6-TY

integrator or.Slow inverter

Cg = Lage
. —— = . —(Ce2500F) .
T TUNITIGE- Y

IS -

.
4 =00 not hard-wire a3 egrator o siow inverter, Insort &

1m-5methmnmwpvmlowimm

is BOO ns, :
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Typical Applications (Continued)

Fast Summing Amplifier Ditierential Amplitier

10K
10K
INPUT —Wv-l—z-\

§pf

. oUTPUT
INPUT 10K 3 !
INPUT -
ouTPUT
10K
= TUMITT66-16
s
TU/H/T766~-15
i -
Pe
Fast Sampie and Hold
- 10 pf
DUTPUY
PUT
i
TU/HITI66-18

SAMPLE

D/A Converier Using Ladder Network
$of

FROM SWITCHES

d -
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Typica! Applications (continued) .
D/A Converter Using Binary Weighted Network Fast Summing Amplifier with Low Input Current
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1AY
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“x e "
3
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* i 3 :
FROM SWITCHES
= .
*Optional—Reduces setng Irme. )
TL/HITT66-20
.
-
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Weln Bridge Sine Wave Osclliator nstrumentation Amplifier
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National
Semiconductor
Corporation

ADC0820 8-Bit High Speed pP Compatible

microCMOS

A/D Converter with Track/Hold Function

General Description

By using a hall-flash conversion technique, the B8-bit
ADCDB20 CMOS A/D offers a 1.5 ps conversion time and
dissipates only- 75 mW of power. The hati-flash technique
consists of 32 comparators, & most significant 4-bit ADC
and a least significant 4-bit ADC.

The input 1o the ADCDB20 is tracked and held by the input
sampling circuitry eliminating the need for an external sam-
ple-and-hold for signals moving at less than 100 mV/ps.
For ease of inlerface 10 MiCTOProcessors, the ADC0820 has
been designed to appear as 8 memory location or 1/0 port
without the need for extemnal interfacing logic. ~

Key Specifications

® Resolution 8 Bits_

& Conversion Time 2.5 us Max (RD Mode)
1.5 ps Max (WR-RD Mode)

m Input signals with slew rate of 100 mV/ps converied

without external sample-and-hold to 8 bits
a Low Power
&’ Total Unadjusted Eror

75 mW Max
+ 1, 1SBend + 1158

Features

Built-in track-and-hold function
® No missing-codes

= No externa! clocking
»
[

Single supply—5 Vpe

Easy interface to all microprocessors, Or operates

stand-alone . . !

Latched TRI-STATES output

® Logic inputs and outpuls meet both MOS and T2L voli-
age level specifications ¢

® Operates ratiometrically of with any reference value
equal to or less than Voo

= OV to 5V analog input vollage range with singlg 57

supply -

No zero or full-scale adjust required

Overliow output avalable for cascading

0.3” standard width 20-pin DIP

20-pin molded chip carrier package

20-pin small outline package

Connection and Functional Diagrams

Dual-In-Line and Small
Outline Packages |

/.
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Absolute Maximum Ratings otes182)

It Military/Aerospace specltied devices are required, Lead Temp. (Sotdering. 10 sec.)

contact the National Semiconductor Sales Ottice/ Dual-In-Line Package (plastic) 7~

Distributors for availabllity and specifications. , Duakin-Line Package (ceramic) b7 rod

Supply Voltage (Vco) 10V Surface Mount Package

Logic Control Inputs —-0.2VioVeg +0.2V m?ﬂ‘:’e?:;i:io)sec') ;?::

Votiage at Other Inputs and Output  —0.2VioVee + 0.2v o

Storage Temperature Range -65°Cto +150°C Operaﬁng Ratings (votes182)

Package Dissipation at T = 25°C 875 mW Temperature Range Trme 2 TasTo,

Input Cutrent &t Any Pin (Note 5) 1mA ADC0820BD, ADC0820CY ~B5'C<Ths ~ 122

Package Input Curren! (Note 5) 4 mA ADCOB20BCD, ADC0820CC —40°C<Tas~0

ESD Susceptability (Note 8) 1200V ADCOB20BCN, ADCO820CCN 0CeTpcrs
ADCO0820BCV, ADCOB20CCY 0CzTr2 s
ADCOB20BCWM, ADC0820CCWM 0 CcTpz?

Ve Range 45V,

.

Converter Characteristics e fotiowing specifications apply for RD mode (pin 7=0), Vec=5V.
Vper(+)=5V,and Vaer(- )= GND uniess otherwise specified. Boldface limits apply from Ty 10 Tax:2ll other imits
Ta=Tj=25C. AR

i 0820BCN, ADC0820CCN
ADC0820BD, ADC0620C :ﬁgogoecv ADC0820CCY
ADC0820BCD, ADC0620CC) ADC0820BCWM, ADCOB20CCWM |
Parameter Conditions p Tested Deslgn T Tested Design | Ue
‘No’: 6 | Lt Limit (No"': 6 | Lt Limt
(Note 7) | {Note 8) {Note 7) (Note 8)
Resolution 8 : 8 8 £
Total Unadjusted Emor | ADC0820BD, BCD 1Y, L5
(Note 3) ADCOB20BCN E37A 1% 1=
ADC0B20CD, CCD 11 =
ADC0820CCN +1 =1 |
Minimum Reference _ 23 1.00 23 12 L2
Resistance F —
Maximum Relerence 23 € 23 53 6 b
Resistance
Maximum Vger(+) Vee Vee Vee v
Input Voltage g [ B
"Minimum VRer(—) GND _ GRD GND v
Input Voltage - - .
Minimum VRgr(+) Vrer(—) Vrer(-) | VRe=) | V¥
input Vottage : )
Maximum VRer(—) - VRer(+) Vrgr(+) | Vaert4) | Y
Input Voltage - ; . S
Maximum Vyy Input ’ Vee+0.1 Vee+01 | Vecto | ¥
Voltage R
Minimum Vy Input - ] 6np-0.1 GND-01 | GND-01 | V-
Voltage v __,_:
oy
WMaximum Analog TS=Vo o ;5;
tnput Leakage Current | Vin=Vee 3 0.3 3 3_"‘.,'
Vin=GND . -3 —03-| -3 (@A
Power Supply Voe= SV 5% EY N E3/A 2% 7| 2V - Ve .. %
Sensilivity . : e

A



Botdiace limits apply from Ty 1o Tpax: 8!l other fimits Ty, =T = 25°C.

DC Electrical Characteristics The following specifications apply for Vog= 5V, unless otherwise specified.

20BCN
ADCO0E20BD, ADC0820C) ADC0820BCN, ADCOB20CCN
0820BCD. ADGOB200CS | | ADC0820BCV, ADCOB20CCY
ADC ' ADC0B20BCWM, ADC0820CCWM |
Parameter Conditions T Tested:| Design T Tested Design  |Units
No{" 6 | timit | Limit (No¥£s) Limit Limit
| MoteB) | oten)| (Note 8) (Note7) | (Note 8)
» o, gy Logical "1 |Veo=5.25V CS, WR, RD 2.0 2.0 2.0 v
- Voltage Mode »35 35 3.5 B
. a, . LoOGiCAl "0" Voo =4.75V CS8,WR,RD 0.8 0.8 0.8 \Y
- - Voltage Mode 15 15 15 v
i, 1) Logical “1" | Viyny=5v; T3, RD 0.005 1 0,005 1 HA
+ratCunent Vingy) = 5V: WR 0.1 3 0.1 0.3 3 pA
Vingay= 5V; Mode 50 200 50 170 200 uA
i\, 5. Logical "0 |Vinioy=0V; T8, RD, WA, —-0005f -1 -0.605 -1 rA
o Current « Mode
Vourgs) Logical "17 {Vee =4.75V, loyr = — 360 pA; 2.4 28 2% \Y
D.2put Voltage DB0-DB7, OFL, INT . .
Vee=4.75V, loyr= ~10 pA; L ~4.5 - 46 4.5 v
DBO-DB?7, OFL, INT
¥o.10) Logical “0" {Veg = 475V, gyt = 1.6 mA; 0.4 0.34 0.4 v
Ozput Voltage DB0-DB7, OFL, INT, RDY )
1. TRI-STATE  [Vour=5V; DBO~DB7, RDY 0.1 3 0.1 03 3 pA
D50t Current Vour=0V; DBO-DB7, RDY -0.1 -3 -0.1 -03 -3 pA
. *soJace, Output Vout = 0V; DB0-DB7, OFL —12 -6 -12 -72 -6 mA
Sarce Current INT -9 -40 ] -53 | -40 mA
<+« Output Sink  |Vpy7=>5V; DB0O-DB7, OFL, 14 7 14 ¥ Be 7 mA
Lrent INT, RDY .
« - Supply Current |CS=WR=RD=0 7.5 15 7.5 13 15 mA

AC Electrical Characteristics The following specifications epply for Vog =5V, ;== 20 ns, VRgr(+) = 5V,
Vizr(—)=0V and T = 25°C unless otherwise specified.

H . T Tested Deslign
H Parameter Conditions (Nn¥:6) b Limit Limit Units
. {Note 7) (Note 8) ’
: izan, Conversion Time for RD Mode Pin7 = 0, (Figure 2) 1.6 25 ns
b uzco. Access Time (Delay from Pin7 = O, (Figure 2) tcrp+20 “tcRp+ 50 ns
' _Faiing Edge of RD to Output Valid)
t-vaRp. Conversion Time for Pin 7 = Veg: twr = 600 ns, 52 | ps
¥ 3-RD Mode tap = 600 ns; (Figures 3a and 3b)
.5, Write Time N Min Pin7 = Vg (Figures 32 and 3b) . 600 ns
! Max (Note 4) See Graph 50 N ns
' k5. Read Time Min Pin7 = Vec: (Figures 32 and 3b) 600 ns
(Note &) See Graph
L2y, Access Time (Delay from Pin7 = Voo trp <y .
£&'ng Edge of BD to Output Valid) (Figure 3a) ,
: C = 15pF 190 . 280 ns
- C_=100pF 210 - 320 ns
r 4oee, Access Time (Delay trom = Pin7 = Vee. t:m> v: (Frgure 3b) I . )
; “#"ng Edge of RD to Output Valid) 1-CL=15pF .70 - 120 ns
3!. 3 CL> 100 pF 80 150 ns

T—— .-
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AC Electrical Characteristics (Continued) The following specifications apply for Vg = E7. t=14=20m,
VRer(+) =5V, Vrep{—) =0V and Ta = 25'C unless otherwise specified.

Note 8: Design kmits are guaranteed but not 100% tested. These dmits ae not used to calculate pulgoing quality kevets.
Note 9: Human body mode!, 100 pF discharaged through 8 1.5 kN resisiox.

TRI-STATE Test Circuits and Waveforms

441

Vee

TL/HIS501-3

-

ty C = 10pF
—y—

7
oara & { -
- sumn .
g -
et =20 Vou

e Rt nt e e e ————————

T Tested Design
Parameter Conditions (No{f 6) Umit Limit Uey
. (Note 7) (Kote 8)
1, Interna! Comparison Time Pin 7=V (Fagures Sbéand 4) 800 . 1320 n
Cy=50pF ' 4
t1H. ton, TRI-STATE Contro! R =1k, C =10pF 100 . 2% n
{Delay from Rising Edge of RD 1o '
Hi-Z State) '
tiNTL. Delay from Rising Edge of Pin7 = Vg, Gy = 50pF N
WR 1o Falling Edge of INT trp> Y (Figure 3b) . . Yy ™
: trp <t; (Figure 33) trp+ 200 b 2m+ 290 '
iTH. Delay from Rising Edge of (Figures 2, 3a and 3b) 125 ¢ 225 [ t
. RDto Rising Edge of INT C =50pF ]
tiNTHwhR, Delay from Rising Edge of (Figure 4), C = 50 pF 175 i z70 mo.
WR to Rising Edge of INT ! l
1rpy. Delay from TS to RDY (Figure 2), C =50 pF,Pin7 =0 50 i 100 e |
tp. Delay from INT to Output Valid (Figure 4) C 20 \ 50 e 3l
1gy. Delay from RD 10 INT Pin'7=Vceo tap<t 200 P2l ~ !
(Figure 3a) g f
1p, Delay from End of Conversion (Figures 2, 3a, 3b and 4) ' 570 L] f
to Next Conversion (Note 4) See Graph )
Slew Rate, Tracking 0.1 i Vig
Cvin, Analog Input Capacitance 45 4 v _:
Cour. Logic Output Capacitance 5 . LA
Cin. Logic Input Capacitance 5 H o
Note 1: Absolute Maximum Ratings indicale t'mﬂs beyond which damage 10 the device may occur. DC and AC electncal spechcasors 2% w20 e07y wror. GOWErS
the device beyond its specified op 9 -
Note 2: All vohtages are 3 with respact 10 the GND pin, unless otherwise specihed. :
N'ﬂe 3: Tots! unadjusied efror inclucas offsel, full-scale, and knearfty ertors. ;-'
Nole 4: Accuracy may degrade if twr Of 1p & shorler than the minimum value specified. See Accuracy vs twr and Acaracy vs . F2O™ i
Note §: When the irput voltage (Vi) 8t any pin excesds the power suph rails (Viy < V= 07 Viy > V) the sbsolute vatue of curert.ar 222 Pr- 5o 3a SRS 5
10 1 mA or loss. TholMpachpehpmmanimmmmdmmlunexmdmewwpplybwﬂmm. 1 4 e e 1 600 — 2
Note 6: Typicals ars at 25°C end represent most likely paramebric norm. - T
Note 7: Tested kmits sre guaranteed 1o Nationsl's AQOL (Average Outgoing Oualtty Level). - '%
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Typical Performance Characteristics

.

Logic Input Threshoid
Voltage vs Supply Voltage

1 ]
-85 CxTax +125°L
16 //
yd

. p v

14
' /
v LA

1.2

LOGIC INPUT THRESHOLD VOLTAGE (V)

45 47 50 823 5%
V;c—SUPPLY VOLTAGE (V)

Accuracy vs twr
E2
~ Ve =SV
Vogs =S¥
) 15 Ta=25°C
2 - b =300n
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2
(VER R ]
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2 o3 D
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. IVRer = VREF(+)~ VRer ()]
1
- Vog =SV
. Tam2°C
§ 1.5
N
£
E N
Ses—= -
2 ~—
t
] 1 2 3 4 ]
Vaer (V)
- Lss-vﬂ
25 .

'

UMEARITY ERROR (LSA3)

H—INTERMAL SET COMPARISON TIME (xtec}

tean—CONVERSION TIME (us)

Converslon Time (RD Mode)

vs Temperature

-1 -5 ¢ 50 0 150

Vg —AVBIENT TEMPERRTURE (*C)

Accuracy vs tgp

20 Voo =5V
Vapr =S¥
- Tam25°C
18 tr =500 ms
o, = 600 £s
1.0
05

[}
200 4% 500 60X 700 B0 $00
) tas)

.

Y, Internal Time Delay vs

Temperature
20
15
Voo =475V
1.0
Vg =S¥ Veom .25V
0s }—

<0 -5 & S0 0 80
Ta—AVBIENT TEMPERATURE {*L)

v

Iec —~SUPPLY CURRENT {mR)

LINEARITY ERROR (L8B3}

OUTPUT CURRENT (mA}

Feovier Bupply Current vs
spernture (not Including
, 41 1anee Indder)

0 )
' -

Vg =5.25V
t Vec =5V
?

Vie-

¢ e, "ISJV \\
¢ b J 1 [~

“Wh W p s w0 10
ts PPNENY YEMPERATURE (°C)

A 'A"l-mucy vs 'p

1 >
« Veoe=BY
Vaer =5V
1 . =t
3 twa =600 ~s
xo = 600 a3
7
os \
[
b dpa mop 600 700 800 WO
¥ (ns)
Oslpt Current vs
o "l\\tsrmlure .
. T .
Vie =5V
s 1

|
T T
Ysouncs Vo =2 4V

& I~
| =

-

Ygmn Vour =0 &Y

P

[}
SWe a9 50 w280
W AVRINT TEMPERATUNE (C)

cn s snasen

e el m mis cmea £om e st e g 7 e W AP AV L bl

JREUP-TIRIEY PN S Y AP Y

t0



-

o

Description of Pin Functions
pin Name Function '

Vin Analog input; range = GND<Vin<Vce
DBO TRI-STATE data output—bit 0 (LSB)
DB1 TRI-STATE data output—bit 1
DB2 TRI-STATE data output—bit 2
DB3 TRI-STATE data output—bit 3
WR/RDY WR-RD Mode
WR: With TS low, the conversion is start-
ed on the falling edge of WR. Approxi-
- mately 800 ns (the preset internal time
out, t;) after the WH rising edge, the result
of the conversion will be strobed into the
output latch, provided that RD does not
occur prior fo this time out (see Figures
35 and 3b).
"RD Mode
RDY: This is an open drain output (no in-
ternal pull-up device). RDY will go low af-
ter the falling edge of T5; RDY will go
TRI-STATE when the result of the conver-
sion is strobed into the output tatch. It is
used to simplity the interface 1o a8 micro-
processor syslem (see Figure 2).
Mode: Mode selection input—it is inter-
nally tied to GND through a 50 pA current
source.
RD Mode: When mode is low
WR-RD Mode: When mode is high
¢ RD WR-RD Mode
with TS low, the TRI-STATE data outputs
(DB0-DB7) will be activated when RD
goes low (see Figure 4). RD can also be
used to increase the speed o! the con-
verter by reading data prim; to the preset
internal time out {t;, ~ 800 ns). Il this is
done, the data result transferred to output
latch is latched afier the falling edge of
the RD (see Figures 3a end 3b).
D Mode
With TS low, the conversion will starl with
RD going low, &lso RD will enable the’
TRI-STATE dala outputs at the comple-
tion of the conversion. RDY going TRI-
STATE and INT going low indicates the
completion of the conversion (see Figure
2. .

LA BT N X

7  Mode

1.0 Functional Description

“1GENERAL OPERATION

"™ ADCOB20 uses two 4-bit flash A/D converters 1o make
1 B-bit measurement (Frgure 7). Each flash ADC is made
< of 15 comparators which compare the unknown input to
t relerence fadder to get & 4-bit resutt. To take & full 8-bit
whing, one flash conversion is done 10 provide the 4 most
*ficant data bits (via the MS flash ADC). Driven by the 4
v ¥33s, an internal DAC recreates an analog approximation
% the input voltage. This analop signal is then subtracted
;9T the input, and the ditlerence voltage is converted by a
*ﬁond 4-bit flash ADC (the LS ADC), providing the 4 leas!
4 '?'mcant bits of the output data word.

R R T B AN

Pin Name Function

9 INT

WR-RD Mode

INT going low indicates that the conver-

sion is compleled and the data result is in

the output latch. INT will go low, ~ 800 ns

(the preset intemnal time out, 1) after the

rising edge of WR (see Figure 3b); or INT

will go low atter the falling edge of RD, it

RD goes low prior to the 800 ns time out

(see Figure 3a3). INT is reset by the rising

edge of RD or TS (see Figures 3a and

3b).

RD Mode

INT going low indicates that the conver-

sion is completed and the data result is in

the output latch. INT is reset by the rising

edge of RD or C3 (see Figure 2).

10 GND Ground

11 Vger(—) The bottom of resistor ladder, voltage
range: GND<SVRer(—)<VRer(t) (Note
5)

12 Vger(+) The top of resisior ladder, voltage range:

Vaee(—)<Vaer(+)< Ve (Note 5) ‘

13 CS T3 must be low in order for the RD or WR

Gs to be recognized by the converter.

14 D34 TRI-STATE data outpul—bit 4

15 D35 TRI-STATE data output—bit &

16 D36 TRI-STATE data output—bit 6

17 DB7 TRI-STATE data output—bit 7 (MSB)

18 OFL Overflow output—! the analog input is
higher than the Vper(+), OFL will be low
at the end of conversion: 1t can be used to
cascade 2 or more devices to have more
resolution (9, 10-bit). This output is always
active 'and does not go into TRI-STATE
as DB0-DB7 do.

19 NC No connection

20 Vo Power supply voliage

The intemal DAC is aclually @ subsection of the MS flash
converter. This is accomplished by using the same resistor
ladder for the A/D as well as for gensrating the DAC signal.

‘The DAC output is actually the tap on the resistor ladder

which-most closely approximates the analog input In addi-
tion, the *sampled-data” comparators used in the ADC0820
provide the ability 10 compare the magnitudes of several
enalog signals simultaneously, without using input summing
amplifiers. This is especially useful inthe LS flash-ADC,
where the signal 1o be converted is an enalog ditference.

&



1.0 Functional Description (continued)

1.2 THE SAMPLED-DATA COMPARATOR v

Each comparator in the ADC0820 consists of a CMOS in-
verter with & capacitively coupled input (Figure ). Analog
switches connect the two comparator inputs 1o the input
capacitor (C) and also connect the inverter's input and out-
pul. This device in effect now has one ditferential input pair.
A comparison requires two cycles, one for zesoing the com-
parator, and another for making the comparison,

In the first cycle, one input switch and the inverter's feed-
back swilch (Figure 5a) ere closed. In this interval, C is
charged 10 the connected input (V1) less the inverter's bias
voltage (Vg, approximately 1.2V). In the second cycle (Fig-
ure 5b), these two switches are opened and the other (V2)
input's switch is closed. The input capacitor now subtracts
its stored voltage from the second input and the difference
is amplified by the inverier's open loop gain. The inverter's
input (Vg') becomes

[

C+Cg
and the outpul will go Kigh or low depending on the sign of,

Vp'—Vg.
c
Evs
v
1A

V1 =00

Vg=-IVi-V2)

. TL/H/5501-12
*Vo = Vg
*VonC = Vi-Vg
* Cs = stray gt
node capaciior &
® Vg = invene irpn.
bas voltape

FIGURE 5a. Zeroing Phase

2
R LADOER
—/ ¢t 2

)
$

v.._q/

vz) —-A
2 " Eivczeg; o0 40
ANZ GND D/
) & £
= > I
o ir215 -
tve) =

- TL/H/8501~14

FIGURE 6. ADC0820 Comparator (from MS Fiash ADC)

FIGURE 5. Sampled-Data Comparator

\-.,,«

The actual circuitry used in the ADCOB20 i Y
important expansion of the besic COMOaRYy st
ebove. By adding a second capatitor and Ot o
switches to the input (Figure €), the ssheme Can by .
ed to make dua! differential comparisons in L F- iy
feedback switch and one input switch on each %"
swilches) are closed in the zeroing cycie. & O . 3
then made by connecting the second input or. eg~ "
tor and opening a!l of the other switches (S SV, Ty
change in voltage a! the inverter's input, es a et gy,
change in charge on each input capacior, will noe P
on both input signal differences.

1.3 ARCHITECTURE

in the ADC0820, one bank of 15 comparatory s war g
each 4-bit tlash A/D converter (Figure 7). The MS oust
significant) flash ADC also has one additonal comps-axs .
detect input overrange. These two sets of comperzay e
erate alternately, with one group in its 2610INY Cyo woam
the other is comparing.

VI—O/

i
1

v2

C
Vg'~Vg = “’z”v‘."_‘cw;
. ~A
-V rorTo fcva-cvi)
*Vg' is dependent on V2-V1i
FIGURE 5b. Compare Phase —%
.
. 0
Vo = mICI_(VZ-VIHC?Nl-W)) o

b2
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1.0 Functional Description (continued)

When & typical conversion is started, the WR line is brought
low. At this instart the MS comparators go from zeroing to
comparison mode (Figure £). When WR is retumed high af-
ter at least 600 ns, the output from the first set of compara-
tors (the first flash) is decoded and latched. At this point the
two 4-bit converters change modes and the LS (least signifi-
cant) flash ADC enters its compare cycle. No less than 600
ns later, the RD line may be putled low to latch the lower 4
Oata bits and finish the 8-bit conversion. When RD goes low,
the flash A/Ds change stale once again in preparation for
the next conversion.

Figure 8 siso outllines how the converter's interface timing
relates to its analog input (Vin). In WR-RD mode, Vi is
measured while WR is low. In RD mode, sampling occurs
during the first 800 ns of RD. Because of the input connec-
tions to the ADC0820's LS and MS comparators, the con-
verter has the ability to sample Vjy &t one instant (Section
2.4), despite the fact that two separate 4-bit conversions are
being done. More specifically, when WR is low the MS flash
.. is in compare mode (connected to Vin), 8nd the LS flash is
--in 2ero mode (also connected 10 V|N). Therefore both flash
-ADCs sample Vyy a1 the same time.

1.4 DIGITAL INTERFACE

The ADCO0B20 has two basic interface modes which are se-
lected by strapping the MODE pin high or low.

RD Mode

With the MODE pin grounded, the converter is set to Read
mode. In this configuration, a complete conversion is done
by puiling RD low until output data appears. An IN INT line is
provided which goes low &t the end of the conversion as
well as a RDY output which can be used 1o signal a proces-
sor that the converter is busy or can also serve as a system
Transfer Acknowledge signal.

v

RD Mode (Pin 7 Is Low)

=\ A

LU \

A0y _\__/

DED-DR] > - e o D—--—'—--

TL/HISS01-0E

. .
When in RD mode, the comparator phases are internally
triggered. At the falfing edge of RD. the MS flash converter
goes from zero to compare mqode and the LS ADC's com-
parators enter their zero cycle. After’ 800 ns, date from the
MS flash Is latched and the LS flash ADC enters compare
mode. Following another 800 ns, the lower 4 bits are recov-
ered.

»will be valid approximately 800 ns following WH's nsn.

WR ther. F.D Mode

With the V.DDE pin tied high, the A/D will be set up for gy
WR-RD mone. Here, 8 conversion is started with the &
input, hcreever, there are two options for reading the puesy e
data whic- relate 10 interface timing. If an interrup! g
scheme 1 Sesied, the user czn wait for INT 10 go loa b *
fore rezz-r; the conversion result (Figure B). INT wix tyn
cally go Ion 890 ns atter Wi's rising edge. Howeve: ¢4
shorter corwersion time is desired, the processor noed vy,
wait for I'er &nd can exercise a read after only 600 ns (Fp
ure A). I tes is done, INT wil immediately go low and oe
will’ appez’ &t the outputs.
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Stand-Alone

For stand-slone operation in WR-RD mode, TS end FD ca=
be tied low and & conversion can be started with WR. Deit,
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o see  mean Acwm

1.0 Functional Description (continved)

W

e
« 9§ COMPRRATORS 2ERD
13 REFERENCE LADDER
o 1S COMPARATDRS FLOATL
—

-~

© WS COWPARATORS COMPARE
Ve T0 THEIR REFERENCE
LADDER TAP. THE COVPARATOR
OQUTPUTS DIGITALLY TRACK

Vin-V ADD(R T2

© LS COMPARATORS ZERD 10
Va,. THE COMPARATOR'S
INPUT CAPACITORS TRACK Vi,

Note: MS means most significant
LS means leas! significant

FIGURE 8. Operating Sequence (WR-RD Mode) .

OTHER INTERFACE CONSIDERATIONS

10 order to maintain conversion eccuracy, WR has & maxi-
mum width spec of 50 ps. When the MS flash ADC’s sam-
pied-data comparators (Section 1.2) are in comparison
mode (WR is low), the input capacitors (C, Figure 6) must
nold their charge. Switch leakage and inverter bias current
can cause errors if the comparator is left in this phase for
120 long. '

Snce the MS flash ADC enters its z&roing phase at the end
o & conversion {Section 1.3), & new conversion cannot be
stzried until this phase is complete. The minimum spec for
nis time (ip, Figures 2, 3a, 3b, and 4) is 500 ns.

2.0 Analog Considerations

2.1 REFERENCE AND INPUT

The two VRer inputs of the ADC0820 ere fully differential
end define the zero 10 full-scale input range of the A to D
converter. This allows the designer to easily vary the span
of thie enalog input since this range will be equivelent to the
voltage difference between Vn(+ )} and Vin(—). By reducing
VRer(VRer = VREr(+)—Vrer(—)) 1o less than 5V, the sen-
siivity of the converter can be increased (i.e., f Vrgr=2V
then 1 LSB=7.8 mV). The input’reference amangement
elso facilitates ratiometric operation and in many cases the
chip power supply can be used for transducer power es well
&s the VRper source. .

This reference fiexibllity lets the input span not only be var-
led but also ofisel from zero. The voltage et VRer(—) sets
the input le_vél which produces & digital output of all zeroes.
Though Vjy is not itsell differential, the reference design
efords nearly ditferential-input capability for most measure-
ment applicetions. Figure 8 shows some of the cohfipura-
vons that are possible.

= 1.5 COMPARATOR DUTPUTS
ARE LATCHED THE M$
DAC 1S SET. THE MS
COMPARATOR FLOATS,

© LS COMPARATORS COMPARE

et

LS COMPARATOR DUTPUYS
ARE LATEHED AND CAN
BE READ.

o WS COMPARATORS RETURN
T0 ZERD MODE.

W

LS8 SECTION OF REFERENCE
LADDER

. © TL/H/S591-20

\
2.7 INPUT CURRENT
Due o the unique conversion techniques employed by the
ADCO0820, the analog input behaves somewhat ditferently
than in conventiona! devices. The A/D's sampled-datd com-
parators take varying amounts of input current depending
on which cycle the conversion is in.
The equivalent input circuit of the ADC0B20 is shown in
Figure 108. When a conversion starts (WR low, WR-RD
mode), all input switches close, connecting Vi 10 thirty-one
1 pF capacitors. Although the two 4-bit fiash circuits are not
both in their compare cycle gt the same time, V) still sees
all input capacitors at once. This is because the MS fiash
converter is connected 10 the input during its compare inter-
val and the LS flash is connected to the input during ils
zeroing phase {Section 1.3). in other words, the LS ADC
uses V| as its zero-phase inpul .
The input capacitors must charge to the input voltage
through the on resistance of the analog switches (about §
%0 to 10 kN). In addition, about 12 pF of input stray capaci-
tance must also be charged. For targe source resistances,
the analog input can be modeled as an RC network as
shown in Figure 10b. As Rg increases, it will teke longer for
the input capacitance 1o charge.
in RD mode, the input switches are closed for approximately
802 ns at the start of the conversion. in WR-RD mode, the
time that the swilches are closed to allow this charging is
the tme that WA is low. Since other factors force this time
to be at least 600 ns, input time constants of 100 ns can be
eccommodated without special consideration. Typical total
input capacitance values of 45 pF allow Rg 1o be 1.5 k
without lengthening WR 1o give V\ more time 1o settle.




2.0 Analog Considerations (continvec)

* External Reference 2.5V Full-Scale Power Supply as Reference fnput Not Referred to GRZ
—
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2.3 INPUT FILTERING

1t should be made clear that transients in the analog input
signal, caused by charging current fiowing into Vin. will not
degrade the A/D's performance in most cas€s. In etlect the
ADCO0820 does not “look™ at the inpul when these tran-
sients occur. The comparators’ outputls are not lztched
white WR is low, so at least 600 ns will be provided to
charge the ADC's input capacitance. It is therefore not nec-
essary 1o filter out these transients by putting an extemal
cap on the Vy terminal. ’
2.4 INHERENT SAMPLE-HOLD .,

Another benefit of the ADC0820's input mechanism is its
ability to measure a variety of high speed signals without the
help of an external sample-and-hold. In & conventionz' SAR
type converter, regardless of its speed, the inputamyst re-
main at least ¥; LSB stable throughout the conversion pro-
cess if full accuracy is to be maintained. Consequently, for
many high speed signals, this signal mus! be .externally
sampled, and held stationary during the conversion.

-ing, already accomplish this function to a large degree (S& ‘3

FIGURE 10b -

Sampled-data comparalors, by nalure of their input sa<>

tion 1.2). Although the conversion time for the ADCOEZ #
1.5 ps, the time through which Vpy must be 1/2 LSE s
is much smaller. Since the MS flash ADC uses Vi aslt
“comfpare” input and the LS ADC uses Vyy as its “S

input, the ADC0B20 only "samples” Vyy when WA i &2
(Sections 1.3 and 2.2). Even though the two flashes s BF
done simultaneously, the analog signal is measured st &% "%
instant. The value of Vyy &pproximately 100 ns aher B
rising edge of WA (100 ns due to intemal logic prop ceu,
will be the measured value. . Py
Input signals with slew rates typically below 100 mV/gs &% A
be converted without error. However, because of the 8¢
time constants, and charge injection through the openst. 3

comparator input switches, faster signals may cause @ - §
Still, the ADCOB20's loss in accuracy for & given incesse B2 3
signal slope is far less than what would be witnessed #3153
conventional successive approxdmation Cevice. An %
type converter with 8 conversion time as fast as 1 pS woid Iy
still not be able 1o measure 8 5V 1 kHz sine wave -
tha aid of an extemal sample-and-hotd. The ADCO520.W;

A
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3.6 Typical Applications
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Ordering Information

g

Total Temperature
Part Number Unadjusted Error Package Range
ADC0820BD D2GA—Cavity DIP ~55°Cto +125°C
ADC0820BCD D25A—Cavity DIP ~40*Cto +80°C
ADC0820BCV +v,1SB V20A—Molded Chip 0°Cto +70°C
. Carrier
ADC0820BCM M203—Wide Body Small 0'Cto +70°C
Outline
ADCO0820BCN N20A~A—Molded DIP 0*Cto +70°C
ADCO0820CJ J20A—Cerdip ~55'Cto +125°C
ADC0820CCJ J20A—Cerdip —40°Cto +85C
ADCO0B20CCV +11SB V204—hoided Chip 0*Cto +70°C
Carrier
ADC0820CCM MJ203—Wide Body Spall | 0°Cto +70°C
Outline
ADCO0820CCN N20A-~Molded DIP 0°Cto +70°C
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olectrical characteristics over recommended operating
free-air tempersture range -

PARAMETER @ TEST CONDITIONS t MIN TYPT MAX | UNIT
Vie  Posiive-gowng threshotd vohal Vee = MiN A oot 10 2] v
Vi-__ Negauveguing threshoid vollage | Vo =MIN A nput 0.3 1.0 v
Vi Poxtive-going Ivesholc voltage | VoG =MIN B8 mput 1.0 2{ v
1 vi- Negatva-gong 1hresnoid voltage | Ve = MIN B _snput 0.8 0.9 v
Vi Inpul clamp voltage Vgcr-MlN. L= —ifmA =15} V
Vou Hogh-level output voltage Vog 3 MIN,  tow = ~ ¢00,.A .1 3¢ v
Vo Low-level output voliage Ve =MIN, 1oy =8ma 03 08 V
Input current at mpximum VeewMAX,
L : C.i| ma
nput_voltage Vi=Tv
VecmMax,
Ity High-tevel nput current V=2,V W] LA
- Inout
ty, Low-ievel npul u&unx st-;l“vx. m‘:‘.‘:h” : : mA
105 Shortoeest output corrent # | vooemax SHSLSI | -7 900 A
SNULS22H ~20 100
Quiescenat 4. 1 .
lee Sunm.( cwrreny Veg = MAX L’E"” 7] 7] ma
.y t-om & 1o oulout O T NI
trom 8 to oulput O Vegw $¥ L I )
tome tiom A 0 output B ch.“_:'. Com = 800F . w0 __wl o
: wom B 10 outoul § Aot = 2XU 9 6
TN trom Clesr 10 Output O Co ~15pF 3% S5 | ns
Mo Wrom Clew 1o output §___ |Pe Y 6] s
. " Cong ol herie w0 0 120 150
20 bt
'l teioui) | from Ao B 1o output 0 o8 ::.“ 1000t l--:“mu r:(; :770 'I’:) "
! Gu-oé bt 108 1 6 69 18] my
|

posstive lofic: Low mput 10 Clear ragets O low and

T megh regarciass of d-c leveis at A

o B nputs.

Function Table
'221,°1.5221 (EACH MONOSTABLE)

INPUTS OUTPUTS
CLEAR A 8] a a

L x X! L ®H

x H o xi L H

x x t}luv W

H 4 L I T ¥ od

H i M laou .

H = high level (vteady state)
L & 1ove leval lstasdy state)

*t « traneition from tow to hiph level
4 = sremition from Rlgh to low level
JL = one high-level putse
"L = one low-tevel pulss

X = ir-plovany

. /
54221,/74221 Dual Monostable Multivibrator with Schmitt-Trigzer input
) Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
. Package . Package . Package . Package Package
D T De i
Device Type P mEr|Device Type cTeTmEr Device Type C 1P [micr | Device Type clP i Device Type RS
TI SNSLS22t 11O w() | Susaz21 5O )
il SNIAL S22} JOND SN74221 s OIND)]
FAIRCHLD T
MOTOROLA
NS.C
PHUPS NULS221 - T nT4221 Q
S|C'N‘,ETICS NI S22 a 871221 1A Dy N
SIEMENS
FUJITSU S22t M
HTACH - WDTeLS221 G T TR )
MITSUBISH ML S22 P
NEC
TOSHBA
Electrical Chargcteristics SNS4LS221/SN74LS5221 Pin Assignment (Top View)
absolute maxwmum ratngs over operating free-air tampersture rangg .
Seszty rttate, WL » ssernag e ot | swaus -88C W inc YReaty t ?
1eae7 vetiage W Wepennn napt [ o€ 1 e vee costs Comt 10, 20 CA 28 2a
Snge wpahn st ~65( w800
13 " 13 [} (3] .18 L]
v ded opersting itions
SNB4LS221 SN74LS228 |\ ur
MIN NOM MAX | MIN NOM MAX
Sotaty soiies vt 43 $ L) N 3 tR:) v
g tevel vty sl Ty - 400 ~ 200 )
L3n vl sutrsl comenl 'ty L] 1 -t
Sehmitt ropet 8 1 1 vy
Lagic enout & t 1 ¥ s
A pr BLiwnsy [ -0
vl p'he eun Tort Ty itiewn) rm o L]
[ T 1} 18 [
Eriemat foung msisnance. Mol it n e 100 "
Liems baeny tiente Lant 3 L] & 000 o
Lo L T L :‘; 4 = ' ] y ‘ 3 s 7 ]
Ovet outy treke | TR % | 3 3 LT ‘ ' 0 ? 2 Rear/ ONO
Decney tee ot woprawn 1 -8 [ 0 ¢ 28 Goxt Comt

T For ccmdtions shown 83 MIN O MAN use 1he aCOrOp ale viive 3paCiied under

$ AN typ-cat valows are 81 Vog™ SV, Tam28'C

® Not more then one ouiput should be ahorisd at 4 time.

® teLs = Propagaton Gelay 1ime, low-10-mgh-level buwi
the wPropagatan gelay time, high-to sowis ¢ Oulout.
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» A 8253182535
PROGRAMMWMABLE INTERVAL TIMER

= MCS-85™ Compatible 8253.5 s Count Binary or BCD

= 3 Independent 16-Bit Counters m Single + 5V Supply

s DC {026 MHz , & Avallable in EXPRESS

—Standard Temperature Range

a Programmasable Counter Modes —Extended Temperature Range

The intet® 8253 is 2 programmable counter/timer device designed for use &s an intel microcomputer penpheral It uses NnMOS
wchnology with a single +5V supply and is packaged in & 24-pin plastic DIP.

1:#s organized as 3 independent 16-bit counters, each with a count rate of upto 2.6 MHz. All modes 01 operation are software

»progmmmable
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'"ter . 8253/8253-5 ¥
FUNCTIONAL DESCRIPTION A0, A }J

Genersl

The 8253 is a programmable interval timer/counter
speclfically designed for use with the Intel™ Micro-
computer systems. its function is that of a general
purpose, multi-timing element that can be treated as an
array of 1/0 ports in the system software.

The 8253 solves one of the most common problems inany
microcomputer system, the generation of accurate time
delays under software control. Instead of setting up timing
loops in systems software, the programmer configures the
8253 to meatch his requirements, initializes one of the
counters of the 8253 with the desired quantity, then upon
command the 8253 will count out the delay and interrupt
the CPU when it has completed its tasks. 11 is easy o see
that the software overhead is minimal and that multiple
delays can easily be maintained by assignment of priority
levels. . \
Other counterftimer ‘functions that are non-delay in
nature but a!so common 1o most microcomputers can be
implemented with the B253.

e Programmebie Rate Generator
Event Counter
Binary Rate Multiplier
Real Time Clock
Digital One-Shot
Complex Motor Controller

Date Bus Buffer
This 3-state, bi-directional, 8-blt bufferis usedtointerface
the 8253 to the system data bus. Date % transmitted or
received by the butfer upon execution of INput or OUTput
CPU instructions. The Data Bus Butier has three basic
functions.

1. Programming the MODES of the 8253.

.2. Loading the colnt registers.
3. Reading the count values.

Read/Write Logic

The Read/Write Logic accepts inputs from the system bus
and in turn generates contro! signals for overall device
operation. It is enabled or disabled by CS so that no
operation can occur 1o change the function ynless the
device has been selected by the system logic.

RD (Read) R
A “low™ on this input informs the 8253 that the CPU is
inputting data in the form of a counters value.

WR (Write)

A “low" on this input informs the 8253 that the CPU is
outputting data’in the torm of mode information or loading
counters.

"o & s @

T

Thqse Inputs are normally connected to the address b
Their tunction Is to select one of the three counters to
opersted on end to eddress the control word register

agn

mode selection. -4
TS (Chip Select) g

A “low™ on this ‘input enables the 8253. No reading ¢ .

writing will occur unless the device is selected. The §

" input has no effect upon the actual operation of &
counters. {
e

t

H

h)

3

¥

. 2

L]

[T

CONTROL
woro K ¢ ) tha' ! (il
REGISTER 2

|
INTERNAL BUS /_\_ . \5

i
Figure 3. Block Diagram Showing Dsta Bus Buﬁorg
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Resd/Write Logic Functions

cs [Ro [WR [ A | A0 3
0 | 1 | 0 | 0| 0 tosd Counter N0,
0 1 0 0 1 Load Counter No*
0 1 0 1 0 .| Load Counter No. %
0 1 0 1 1| write Mode Wor%
0 0 1 0 0 Read Counter No!
0 0 1 ] 1 flead Counter NoX
0 0 1 1 Y] Read Counter No.
0 0 1 1 1 No-Operation 3-St
1 1 x | x | x| X | Disable 35ute EI
0 | 1 | 1 [ x| X | No-Operstion 357

1



Control Word Reglster

The Control Word Register is selected when AC, Alare 11.
It then accepts information from the deta bus buffer and
stores It in a register. The informatiori stored in this
register controls the operational MODE of each counter,
selection of binary or BCD counting and the loading of
each count register. A

The Control Word Register can only be written into; no
}:esd operation of its contents Is available.
3

ounter #0, Counter #1, Colnter #2

nese three functional blocks are identical in operation so
»nly a single Counter will be described. Each Counter
onsists of a single, 16-bit, pre-settable, DOWN counter.
The counter can operate in either binary or BCD and its
nput, gate and output are configured by the selection of
ODES stored in the Control Word Register.

ne counters are fully independent and each can have
eparate Mode configuration and counting operation,
nary or BCD. Also, there. are special features in the
ntrol word that handle the{oading of the count value so
8t software overhead can be minimized for these
nctions. -

e reading of the contents-of each co:n!er isavailable to
e programmer with simple READ operstions for event
unting epplications and special commands and logic
r¢ included In the 8253 so thaf the contents of each
Jnter can be read “on the tly” without having 10 inhibit
e clock input. | {

1

53 SYSTEM INTERFACE

}nc 8253 is & component of the Intel™ Microcomputer
tems and interfaces in the same menner as ail other
ripherals of the family. It is treated by the systems
phware as an array of peripheral I/O ports; three are
nters and the tourth is & control register for MODE
gramming. "

sically, the select inputs AD, A1 connect to the AD, At
dress bus signals of the CPU. The €S can be derived
€ctly from the address bus using a linear select method.
il 1t can be connected to the output of a decoder, such as
gi Inte!® 8205 for larger systems.

ey 13 L) R

lnte[ : 8253/8253-5
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INTERNAL BUS /

Figure 4. Biock Diagram Showing Contro! Word
Register and Counter Functions
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Figure 8. 8253 System Interface
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lntel 8253/82535 z
Y
M — MODE: . <
w
OPERATIONAL DESCRIPTION ' M2 M1 MO . . f
General 0 {0/ 0] ModeD
The complete functional definition of the 8253 is [ 0 1 | Mode 1 "i;
programmed by the systems software. A set of control X 1 0 | Mode 2 ;
words must be sent out by the- CPU to initialize each ‘;-
counter of the 8253 with the desired MODE and quantity X | 1] 1| Mode3 #
information. Prior to {nitialization, the MODE, count, and 1 0 0 | Mode 4 43

output of all counters is undelined. These control words 7| ode 5
program the MODE, oading sequence and selection of 1 0 oce o

binary or 8CD counting.

Once programmed. the 8253 is ready to perform whatever
timing tasks it is assigned to accomplish,

The actual countinb operstion of each counter is
completely independent and additional logic is provided
on-chip so that the usual problems associsted with
efficient monitoring and management of external,
asynchronous events of rates 10 the microcomputer
system have been eliminated.

Programming the 8253

All of the MODES for each counter are programmed by the
systems software by simple 1/0 operations.

Each counter of the 8253 is individually programmed by
writing 8 control word into the Controt Word Register.

(AD, A1 = 11)
Control Word Format
[+33 D¢ Dg Dy D3 D2 Dy Do
[ sct [ sco | R [ RLo [m2] m [ o | 8cD |

Dellnitlon of Control
SC — Select Counter:

SC1 sCo
) 0 Select Counter 0
0 1 Setect Counter 1
1 0 Select Counter 2
1 1 {llegal

RL — Resd/Load:
RLY RLO

Counter Latching operation {see
READ/WRITE Procedure Section)

0 0

0 Read/Load most sipnificant byte only.

[¢] 1 Read/Losd least significant byte.only.

1 Read/Load least significant byte first,
then most significant byte.

¥

BCD: : &
X
Y-
0 Binary Counter 16-bits 3
3  Binary Coded Decimat {BCD) Counter
* (4 Decades)

.
.-

y
Iy

Counter Loading L
The count register is not loaded until the count valus;
written (one or two bytes, depending on the mol
selected by the RL bits), followed by a rising edge and,
fatling edge of the clock. Any read of the counter priof!
thal falling clotb: edge may yield invalid data. F;

7

At At

MODE Definltion . -

NMODE & interrupt on Terminal Count. The output
be Initially low after the mode set operation. After
count Is loaded into the selected count tegister, the o
put will remain jow and the counier will count. Wheng
minal count is reached the output will go high and?
main high until the selected count register is relogd
with the mode o @ new count is loaded. The court
continues to decrement after terminal count has b&
reached. : ’ _4
Rewriting a counter register during countigg result's‘,
the foliowing: -3

(1) Write 1st byte stops the current counting. -3

(2) Write 2nd byte starts the new count. o
X

MODE 1: Programmable One-Shot. The output wnj;
Jow on the count following the rising edge of the gate
put.. gf
The output will go high on the terminal count. i i’:b
count value Is loaded while the output Is low it will}
affect the duration of the one-shot pulse until the¥i
ceeding trigger. The current count can be read alf
time without affecting the one-shot pulse. ';ﬂ
The one-shot is retripgerable, hence the output wh
maln low for the full counl siter eny rising edge o
gate input. ¥
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NODE 2 Rate Generator. Divide by N counter. The out-
put will be low for one perlod of the Input clock: The
period from one outpul puise to the next equals the
number of Input counts in the count register. If the
count register Is reloaded between output pulses the
present period wii not be atfected, but the subsequent
period wlil reflect the new value.

FThe gate input, when low, will force the output high.
jwihen the gate input goes high, the counter. will start
Hrorm the Inltial count. Thus, the gate Input can be used
o synchronlze the counter.

nen this mode Is set, the output will remain high until

fter the count repister Is loaded. The output then can
Iso be synchronized by software.

ODE &: Square Wave Rate Generator.Similar to MODE
except that the output will remaln high until one half
e count has been completed (for even numbers) and
o low for the other half of the count. This Is accom-
iished by decrementing the counter by two on the fall-
0 edge of each clock pulse. When the counter reaches
rminal tount, the state of the output Is changed and
e counter ts reloaded with the full count and the whole
ocess Is repeated.

the count is odd and the output {s high, the first clock

1. Subsequent clock pulses decrement the ciock by
Atter timeout, the output goes low and the full count
reloaded. The first clock pulse (following the reload)
crements the counter by 3. Subsequent clock pulses
crement the count by 2 until timeout. Then the whole
ocess Is repeated. in this way, if the count is odd, the
tput will be high for (N+ 1¥2 counts and low for
-~ 1)2 counts. 3

. Modes 2 and 3, if 8 CLK source other than the system
ock Is used, GATE should be pulsed immediately following
H of a new count value,

ODE 4: Software Triggered Strobs. Afler the mode is
» the output will be high. When the count Is foaded,
counter will begin counting. On terminal count, the

output will go low for one input clock period, then will
‘go high agaln,

-1t the count register is reloaded during counting, the new
count wili be loaded on the next CLK pulse. The count wili
be Inhibited while the GATE input is low. . .

MODE §: Hardwars Trigpered Strobe. The counter will
start counting after the rising edge of the trigger Input
and wlit go fow for one clock period when the terminal
count Is reached. The counter Is retriggerabie. The out-
put will not go fow untll the full count after the rising
edge of any trigger.

tse (after the count is loaded) decrements the count

Signa! Low
Siatus Or Going -
Modes Low RAising High
o . Orsables — Ensdles
counting counting
1 - 1} Initistes —_—
c i counting
“re 2} Resets outpul
stier next clock
2% )% 1) Dissbles .
| counting —{ W Roloo:: Enables
2) Seis output £ mm counting
" immethalely ) 4
high counting
3 1) Dusadies 1) Aestonds
2} Sets output 2) dnitiates counting
immedistely ting EN
high
4 Disables m—— Enables
cm‘mﬁng counting
B — initiates _—
o X counting

Figure €. Gate Pin Operations Summary

A



LN

'8253/8253-5

MODE 0: interrupt on Termina!l Count
o
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Read Operations
1n most counter applications it becomes necessary toread
the value of the count in progress and ‘make 8
computational decision based on this quanmy'. Event
counters are probably the,most common application that
uses this function. The 8253 contains logic that will allow
the programmer 1o easily read the contents of any of the
three counters withoul disturbing the actual count in
progress. ’

There are two methods that the programmer can use 10
read the value of the counters. The hirst methoo involves
the use of simple 1/0O read operations of the selected
counter. By controlling the A0, A1 inputs to the 8253 the
programmer can select the counter 1o be read (remember
that no read operation ofthe mode tegister is altowed AD,
A1-11). The only requirement with this method is that in
order to assure a stable count reading the actua! operation
of the selected counter must be inhibited either by
controlling the Gate input 61 by external logic that inhibits
the ciock inpul. The contents of the counter selected will
be available as follows: )

first 1/O Read contains the least signiticant byle (LSB).
second 170 Read contains the most significant byle
{(MSB).

Due to the internal logic of the B253 it is absolutely
necessary to completethé entire reading procedure. ifiwo

bytes are programmed 10 be read then two bytes must be
read before any loading WR command can be sent o the

same counter.
\

d

R

Resad Operation Chart

Al AO RD ]

0 0 o' Read Counter No. 0

0 1 0 Read Counter No._ﬁ

1 0 0 Read Counter NR]

1 1 0 1llegal g
Reading While Counting "

in order for the programmer to read the contents o'}
counter without effecting or disturbing the coun
operation the 8253 has speciat internal log:c that cf
accessed using simple WR commands 10 the M{
register. Basically, when the programmer wishes {0
the contents of a selected counter “onthe tiy” he loa
MODE register with 8 special code which Ia!ch%
present count value into 8 slorage register.so
contents cpntain _an accurate, stable quantity.
programmer then issues 2 normal read command {¢;

selected counter and the contents ofthe tatched reg‘n‘f

available. - g

MQE)E Repiser for Lstching Count “_;

AO, A1 = 11 : i

e il

D? ps | b5 | b4 | b3 | D2 | D1 o

sc1|s@|ofo]x|x]|X 3

T _2;

S§C1.8C0 — specify counter to be latched. ﬁ

D5.D4  — 00 designates counter latching operal’ié.l
X — gon't care. '

Rty

The same limitation applies to this mofﬂe of read!
counter s the previous method. That is; It is mandi
to complete the entlre read operation as progra '_
This command has no effect on the counter's m

3MH:2

* 1.5MHz

CLK

s

CLK

8085

v

X

<}f an BOBS clock output is to drive an 82535 ciock input, It must be roduced $0 2 MH2 Or less.
\ p

N 82535

- ..

Figure 10. MC5-85™ Clock intertace*
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A.C YESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC “4" AND O 4SVFOR A
LOGIC 0" THAING MEASUREMENTS ARE MADE AT 2.2V FOR A LOGIC "1 AND
0.8V FOR ALOGICO. .

. . : h
i I té [ 8253/8253-5 é
A.C. CHARACTERISTICS (Continued) #
' 3
WRITE CYCLE . H
8253 8253-5 g
Symbol Paremeter Min. Mex. Min Max. Unlt
Taw Address Stable Before WRITE 50 30 3
WA Address Hold Time for WRITE . 30 30 i ng
tww WRITE Pulse Width 400 300 ns
tow Data Set Up Time for WRITE 300 250 ns
- twp Data Hold Time for WRITE 40 30 m 3
-stRv Recovery Time Betweon WRITE 1 1 “‘,~
_and Any Other Control Signal
CLOCK AND GATE TIMING - 5
' )
8253 ] 82535 g§
¥
Symbol Parameter Min. Max. Min. Max. UN;:‘
teik Ciock Period 380 de -380 dc ns-
" tpwH High Pulse Width 230 230 ' mé
AL Low Pulse Width 150 180 ny
oW Gate Width High 150 150 ) 'Y
151 Gate Width Low : 100 100 ns!
165 Gate Set Up Time to CLK? 100 { 100 ni
GH Gate Hold Time After CLK1 50 ; 50 n;
wop | Output Defay From CLK{4] 400 400 n_
100G Output Delay From Gatel 14] 300 300 ns*
>
NOTES: :
1. loL = 22 mA. 3
2. lon = —400 pA. . N
3. AC timings measured at Voy 2.2, VoL = 0.8. . _‘!
4. C = 150pF. et
* For Extended Temperature EXPRESS, use MB253 electrical parameten./ —g
. . ) £
g
%
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT s
%
y =
*
24 4
' = = 41 %
> TEST POINTS < Tast ] € - 000 g
0.8 . . o8 =
[ V13 l :
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WAVEFORMS
’ :
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