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ABSTRACT

This thesis is a fraction of measuring and controlling
temperature which 1is wused to apply in a work concerning about
measuring temperature in industrial factory. This thesis pyesents
techneque for using and important items for better understanding
in measuring temperature system. Application of these is used
with termocuple which can measure in form of low voltage and then

ot
can be changed into temperature by electronic and computer
methods. The result of measured temperature abtained from these
metheds is more clear and corrected.

In addition, these can measure 16 channels. Which each

channel is independent each others. Then result can be show 16

channels.
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qnnzﬂn 6.15 17790734937 INSTRUMENTATION AMPLIFIER
L as t - ) v L e -y 4
MMuaB T8 8L NNy 245 anLwsﬂzmaqnﬁ11wamqmngu§qqmn 500 C
' - 4 - -r - 8 e ar
7N TYPE K naamail 500 C AU TIGUUTENIN 20.4 nV .E69uITIda
v .‘.’ [] - 1 g v 0}
10?11M§9m7ﬂﬁﬂﬁﬂlﬂﬂﬂu 245  1n1 I9eslaan FULL SCALE may
< '
A/Dn 5 V @1 SEEBECK COEFFICIENT #ayv THERMOCOUPLE TYPE K
' o Py
AR nafy 40.8 uV/ C i1yanang 245 LnﬁnLaﬁﬁgnnaﬁ AMPLIFIER

QSﬁdW COEFFICIENT u9ryui@u 10 mV/ C d?%ﬁﬂﬂ?ﬁ?? IN4AT36 Qﬂ%ﬂ

Ll 4

tﬁuaqqzﬁmxﬁﬂqmnqﬁ TagazyTuiIunan  OFFSET tnafiy 11.17 aV

v 1 % [} 4 1
ﬁau?uunauwnnaq INSTRUMENT AMP. Zva¥@1 OFFSET VOLTAGE n'a

1

4 r
FU1TUFUTRRARIA1UADIN TS J9i193907% LM335  feiiu

P < %) - ! [ w ' 1w
IITHIIWTIEUAINNITEIUN17HNA19A  OFFSET TasuFulniian i nafiy

4

< - A < a ' e

SEEBECK COLEEFICIENT nqmﬁ{‘mnmzuu tﬂunqmwﬂu 28 C M;ﬂlﬂ’]ﬂﬂ
d ar ;v ) 1 o

(273+28) K ﬂ"lﬁﬂ'ﬁﬂ'l%ﬁﬂ”llﬂ']ﬂﬂ (273+28) x 40.8 uv = 12.28 nV

4 4 [ d 2 U
tNannaunuan  OFFSET 'Q‘JL'WSE] 1.11 mV ﬂﬂu"ﬂllﬂ'l\??‘i INSTRUMENT

-

[ 3 44 & "_'., '
AMP.muu‘nqmﬂnu 28 + C l.ﬂ']ﬁ‘lgﬂﬁﬂ\i'axi'ﬂﬁ INSTRUMENT AMP. R£l@A

U

\N1fiY 291.95 mV iaul¥ un A/D aavly
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7.1 I/0 MAP IN IBM PC

H H <

i 3

1 IBM PC HUn s InuaauaTsd AO-A9 1unﬂ3ﬁﬂnumdﬂ
UNUN POR& ?qﬂﬁndﬂﬂﬁmmﬂmuamum1awsaﬁuwsaﬁﬁnumdﬁuwﬁq PORT
Man9102461uniNTag  1/0 [PORT ADDRESS MAP asuaniiusavdiu
qqnzﬂﬁ 7.1 Gunsiei IuduEeud 0000H AuFe 01FFH avdmua T duw
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P A

Hex range Usage
000-00F DMA chip 8237A-5 A 1
020-021 Interrupt 8259A i
040-043 Timer B253-5
060-063 PPl B255A-5 Assigned to
080-083 DMA page registers > system board
0Ax NMI mask register components
0Cx Reserved
OEx Reserved
100-1FF Not usable J
200-20F Game control h
210-217 Expansion unit
220-24F Reserved
278-27F Reserved
2F0-2F7 Reserved
2FB-2FF Asynchronous communications (2)
\ {300-31F Prototype card | .
’ 320-32F Fixed disk : ‘
378-37F Printer | AT
+ 380-38C SDLC communications ports
380-389 Binary synchronous communications (2}
3AD-3A9 Binary synchronous communications { 1)
380-38F 18M monochrome display/printer
3C0-3CF Reserved
300-3DF Coloar/graphics
3E0-3F7 Reserved
3F0-3F7 Diskette 0
.y 3F8-3FF Asynchronous communications (1) J
)
<
zﬂn 7.1 uday I/0 MAP Tu IBM PC

7.2 TIMING DIAGRAM

‘luzﬂﬁ 7.2  W&ANDIN1T  READ/WRITE I/0 TIMING
DIAGRAM %QTQH#QYUQzﬁ 4 T-STATE CLOCK CYCLES uar 1 TW
(WAIT) 35t#udn % I/0 BUS CYCLE femum s 5 CLOCK CYCLE
tﬁuadw\‘iaa; ¥38U78u M 1.05 uS u I/0 READ CYCLE .’-wﬁ':\nu‘zu
fuMdgafud ®e  IN tudae T1 Hynaw ALE 3¢ ACTIVE 391ugaq
raUFYINTRTa RN LBAWATH AO-A1S AxiTEnaudas VALID
I1/0 PORT ADDRESS Tur2v T2 &nyuna IOR 3¢ ACTIVE Lﬁa?ﬁﬂuTﬂs
Tﬂitﬁﬁlﬁa%éﬂugﬂERQﬂﬂ DATA BUS 7 PORT ADRESS wi<anniiu IOR

<
A DEACTIVE Ng2vi13a1 T4
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T I/0 WRITE CYCLE 1Tud &89 OUT #Hayym ALE v

¥ 4 < v
ACTIVE Tuynvuavuzniuzes T1 1da IOW ACTIVE 1 T2 w/1 (uiaqg
. [} t ¥4 [} . 1 ‘J (v} :
TUTlﬁﬁlﬁaéﬁsdﬁﬁﬂﬁawﬂu DATA BUS TuUGUUUN PORT NLaan M

Y 4
3710UK IOW 3¢ DEACTIVE nz¥29t7a1 T4

T1 T2 T3 T™W T4
t1
Processor L 21 o713
cloctk Symbol |Max.| Min.
ALE o [« =Tt ’ 1 - |2095
6 12 - 1124.5
10—+ l<—- 13 - 718
A0-A15 iz s v e |l C
1] ' N 6 [128] 16
oA _’l “a ]-'—( t7 - 91.5
] | 8 35| 10
*WBr- 19 - 1 42
| 112 e '<—m wo | 35| 10
til - 10
00-07 ; : 112 - |s51.8
s 113 ~ |668
- —Juz—
*All times are in nanoseconds
Data must be
valid here
{a)
m T2 T3 W T4
—1l
Przf::;or 12— 3 Symbol [Max.| Min.
“ t1 - 1209.5
ALE F L5 t2 - 11245
) *-}‘— " 13 - 71.8
*lﬁ’-l 14 15 -
Ty b/ 15 15 -
AQ-A1S \ /////////////,}hhd port address//////////// e 12; 16
L 17 ] 7 - 91.5
l-* v —’-l 11— Lﬂ— :8 35 10
ow — 8 [ 19 122 14
t10 - 10
_’l F—uz t10 -] el ti1 3| 10
t12 112 -
DO-D7 N alid da trom 8088 72277 113 | - [506.5
J l *All times are in nanoseconds
=19 I 13
(b)

X
zﬂ‘ﬂ 7.2 W&ay TIMING DIAGRAM '

(a) I/0 READ CYCLES (b) I/0 WRITE CYCLES
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zﬂn 7.3 Wday 1939 BUFFER

7415248
1
1A9] DO ; Al 81 ";
(A8} D1 A2 . 82
4 16
{A7] D2 A3 B3
5 15
[AB] D3 A4 B4 {
6 14
[AS] D4 AS 85
1A4] 05 — 11 A6 gg |13
{A3] D6 3 A7 a7 :':’
[A2] 07 AB 88
19) - 3
G OIR
— 1
3
A 2
o Pz
74LS32 quad OR 4
741.S08 quad AND
7415244
f i three-state buffer
I 2 18
« 1B14] [OR i X1 Y1 T
[B13] IOW X2 Y2
6 s
[A31] AD X3 Y3
8 "2
{A30] A1 = X4 Y4 9
[A29] A2 7 Th X5 ¥s :
[A28] A3 X6 Y6
[(A27] A4 X7 Y7 3
[A26) AS X8 v8
; Gi
19) —
G2
) 7405244
three-state buffer
2 1
{A25] A6 X1 vi 8
4 , g 16
(A24]) A7 51 X2 2|
(A23] A8 p X3 Y3 =
[{A22]) A9 —— X4 Y4
11 [
(A11] AEN = X5 Y5 .
(82 RESET DRV ——= X6 ve |-
{820] CLOCK ; X7 Y?
171 xa vg |3
1 &
19) —
G2

i
it

B8DO
8D1
BD2
BD3J
BD4
805
BD6

BAG

- BA?

BAB

BA9

BAEN
BRESET DRV
BCLOCK
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e

7415154 Port no,
4-16 decoder (hex}
BAD Bla Py L 300
BAl : 8 l——-————; £i 301
BA2 ~ c 2 PREE— E2 302
8A3 0 3 FE— 4] 303
19 | — 4 o ) 304
BA4 G2 s 5 208
18] 6 | €6 306
G1 8
? €7 307
9 .
8 (1] 308
10 Ay
9“‘ &9 309
A A E0  30a
8 b ETv 208
c i Y €12  30C
D s §13 300
§7 € 3 E1¢ 306
£ €15 30F
2
741504
hex irverter
7415154
4-16 decoder
23 1 -_—
. A O 86 a0
H 22 2 —
R 8 1 3 EN m
4 F = c 2 N 18 312
0 3 O €@ 213
19 | SN
& 4 5 E20 314
s 21 315
18] ’ Il
G1 613 €22 36
7 g E23 1
3 ] 24 318
10 =t
] (= (¥ 311
A £ Nna
13 -
8 A E27 a8
c " €26 ac
D £E% 30
16
€ | = &30 31€
' L EN aF
7415688
B8-bit comparstor
BAS 2l pg a0 |2
BAS ll PH ar |2
6 ? -1
BAY P2 02 T
8 ]
BAB r3 Qa3
AR} 12
BA9 P4 04 :1——- 3
13 14
PS Qs .
15 16
7] e 06 e
P? a7
1. | =
BAEN G =0

11]?‘1 7.4 UWda@$2937 DECODE PORT
]
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7.3 937 BUS BUFFER uavn13 DECODING

ﬂﬁﬂgﬂﬁ 7.3 war 7.4 M¥uTATI9uN 1u3ﬂﬁ 7.3 1ilu
7937 BUS BUFFER Ta#dziily BUFFER T#un DATA, ADDRESS ua
CONTROL BUS Tash 74LS245 iy BI- DIRECTIONAL BUFFER 9ax
AUANNIT  READ/WRITE Tasdanyiu IOW war IOR  ®9uTuI947
DECODE ngﬂﬁ 7.4 g17aAIMUARIMMEY PORT (& 32 61unuy 6
W@ O0300H auily 031FH 1Taa%% 74LS688 WArWaauaTH A5-A9 g3
ANTENEIUMEY  PORT @ 03XXH \Was¥9Funam TOA ¢ I/0 ACTIVE)
Tun1T ENABLE 74LS245 uwar 74LS154 %qﬁaoﬁa dym AEN
(ADDRESS ENABLE) 1%1uA17 DISABLE 7415688 #a%sil#i 1/0

1 ‘J - 3 -y I's
PORT YUQQLnﬂanunﬁinﬁ DMA DANABUNILGDT

,

7.4 1937 COUNTERS

‘ o
?uzﬂﬂ 7.5 Lﬂu SCHEMATIC uaz LOGIC STATE ®Hav D
| [ Ve 4

FLIP-FLOP Luaﬁmmjmﬂaangﬂﬁauﬁwnu D FLIP-FLOP ﬁmmﬁmtaﬁnqn
< PS < <

Q qstﬂaﬂuuﬁaqmﬁuﬁmmﬁmauqn D 1u3ﬂn 7.5 (b) Qn IzUFavN

r's

PRESENT STATE ﬁadlaﬁﬂwﬂ ﬁ?% Qn+1 ?stﬁu NEXT STATE M?B
< - X a < < ' 9 2 T - <
anﬂqangLnmﬁuwaqﬂﬂnﬂﬂauﬂaanﬁnmauw %qqsnuagﬂuﬁmmwmquynn
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——CLK Q
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|
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TAaN!II4IW_/?  LUd COUNTER1 uuuﬁﬁu0091§QQQua1 AU TR0

CARRY OUT (CAR) 2anun Wari3unautuiiuh 0 dnas quue CAR

b
“© e

< <
1N COUNTER1 T ﬂﬁauﬂﬁﬁﬂaaﬂ (CLK) s COUNTERZ2 AU

e 2D

v < ¥4 : ¥ J - -
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Counter 2 Counter 1
CAR CLK CAR CLK —
03 D2 D1 DO 03 D2 D1 DO
87 B6 B5 B4 83 B2 81 BO !

<
7R 7.7 1142937 CASECADE COUNTER

¢

. ! 7415393
Dual moduto- 16 counter

1
BCLOCK——E-O cp
Q0 Q' Q2 Q3 MR

TRELRL) BE

BCLK.2

BCLK 4 —0n.

BCLK'8
BCLK-16

< < Y <
U 7.8 193TMIIANATaslE IC d111q§ﬂ

d o A
1u3ﬂn 7.8 Lﬁuaeq7n1§7u1ﬂ1041uu Ta899% COUNTER tﬂu
[ v
10q7uw15mmﬁmuﬁanwaanqu 2, 4, 8 Wuar 16 argtuszidrnauans
o o ' Y] < g . < .
qqn1n11aaqmqnnaqqu1ua11uzun 7.7 ?quﬁuﬁ1ﬁtﬂuﬁmmwmﬂaan1ﬁun

ADC uRy 8253
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[
GATE 11w "0" aziiun13 DISABLE COUNTER
VLA 5 A1THAINIBTIUTUNABIY LUNAUALIVNG 4 WAINRTIEL U
u'dd' -"{u ‘\4 ar 1
YU L NANRYUYINEBUT I TUL TININTAND Y GATE 28973977550
4
1u3ﬂn 7.9 ud€a9 BIT ASSIGNMENT vavy CONTROL WORD Tu
< ) ~ Y .
8253 1n D7 uar D6 THTun19tasn COUNTER D6 wayr DS daviua
A1TN197%  READ uav LOAD ﬁaﬁanaqnﬂiﬁu D3-D1 ¥R MTFuLAeN
. |

TMHANTTANIY &% D1 Waz DO Fawm¥uiasnid sz Tiive duwuy

BINARY w3a BCD

A Poft 307H
D7 D6 DS 04 03 D2 D1 [o]d]
SC1 | SCO} RLT| RLOY{ M2 M1 MO0 § BCO

PN

(a)

07 D06 03 D2 D1 [2]¢]
SCt | sCo M2 M1 MO 8CD
0 0. Select counter O 0 0 0 ModeO 0 8inary
0 1 Select counter 1 0 0 1  Mode 1 1 Binary-coded
1 0, Select counter 2 x 1 0 Mode?2 decimal {(BCD}
1 ) 1 *lliegal x 1 1  Mode3 (e)
o) . 1 0 0 Moded
1 (o} 1 Mode5
{d}
o]} D4
RLY ] RLO
0 O Counter latching operation
0 1 Read/loxd least significant byte only
1 0 Read/icad most significant byte only
1 1

Read/load least significant byte first,
then most signiflicant byte

(c}

gﬂ'ﬁ 7.9 W@y BIT ASSIGNMENT wavw 8253

t
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7.6 N1TRANWUY 8253 TIMER/COUNTER
l
4 Y N < PN
‘luzﬂ‘n 7.10 Lﬁmwin‘lﬁ‘lumswmu Tmﬂnﬁmfu'\maugmmz
¢ ' 2 e ) w S« v w <
LBINUNTBY 8253 Qnmatn’muﬁfum'\mm\mmqn‘mnafnumm ‘luzﬂn
7.11 LB TAIMBAA UM TA 9N TR 9B S THLLAY STATUS

‘ < .
CONTROL WORD 1ax 8253 aaugﬂn 7.12 lﬁuﬂﬂ1ﬂﬂﬂuﬂﬂﬂﬂﬂkaﬁ

8253

PORT 18y 8253 timer/counter 45V
19 4 I
* BAO AQ Ve 2
o~ 20 12
; Al GND
<A 221 __ ]_
BIOR RD k.
23| %~ 17
BIOwW 3 WR ouT2 TCLK ~
BCLK/4 - CLKO
13
ouT1
8 18 I
800 DO CLK2
7 10
BD1 D1 ouTo
A 6 t 15
[ B8D2 02 CLK1 :
N 5 21
p =
803 03 &
4
8D4 D4
3 16
B80S (0] GATE2
2 14
BD6 D6 GATE1
1 11
BO?7 D7 GATEQ
7418373
octal tatch
] 2
[»]4] (o]1]
4 5
D1 [o]] SCSLCT
? 6
D2 02 - INTSLCT
6
q 11
. 5 2 LE
€12 —————( 3E
741502 '
quad AND —_1_—1
— N 13
E4 741508
quad NOR
€5

4
Eﬂﬂ 7.10 71439 8253 TIMER/COUNTER
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RD  WR

0
0
0
0

[N =]

0 Load counter 0
| f.oad counter |
0 Load counter 2
{ Write control word
0 Read counter 0
I Read counter |
0 Read counter 2

< 4 . '
‘31]7] 7.11 Wd@INITNINUAATILWRUITAS COUNTER STATUS

CONTROL WORD

.- o

Port

address
thex)

304
308
na
307
¢

Counter 0

Counter |

Counter 2

Control register

Gate port (hit 0 only)

< .
ZUY\ 7.12 wd&@9N1INIUGUNNELRYT PORT 1ad 8253

7.7 N159BNBYYINAT ANALOG TO DIGITAL

[}
L]

QUNNTABAKULGIY  HARDWARE Ar@a9tindn ADC SAMPLE

- < o w 8o v LY & o
ﬁmmﬂmauwanQﬂﬂssuﬁm 1000 SAMPLES/S adHUAIIRaNINRyaaann

¥ 4 4 . d 4 v
SAMPLE RATE #iwah’z START ADC wﬁnEUn 7.13 LﬁuaeQTnTﬁﬁu

P [ » 4 ~ 'Y
ﬂ’l‘iqun”Nizas L ?a’iﬂa\‘iﬂaaﬂ‘lvm"f’]ﬁﬁmmzuﬁdﬂﬂﬁ’mﬂdﬁ\maq PULSE

- u 1
ﬂ'»zs‘lrf‘lun'l'm'zuqun’!'i START CONVERSION THuuauay
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2 12
TCLK < D ' [») 4
" " 12 11
cp aQr— ce a 3
' I 74LS09
BCLK/4 < quad AND
7474 dual O
positive-edge-triggered
flip-flop

< d a < P 4
3Un7.13uﬁaﬁ10ainwamﬁmmﬁmﬂaannquﬂsﬂuﬁﬁun ADC Tu

117 START CONVERSION

t

3u3ﬂﬁ 7.14 0u393Tudusae  ADC FAaunTaTudgyaw
EugnYﬁ 16 CHANNELS uuy SINGLE ENDED Tﬂﬂﬁ LM301 Lﬁu
BUFFER ##U ZENER DIODE Wailauuseiiudnedtniun ADC fzurainn
fiu sV 1un%7x§aﬂ CHANNEL neawnis¥u 3:1¥ 4 LSB 189 DATA
BUS 1un11idan  Tasdy DATA uazfqnuan TOW Uil PORT 308H uka

DATA 4 1m ﬂsgnuané13?u CHANNEL ADDRESS REGISTER muay ADC



SCSLCT

Ei0

TCLK'
INTSLCT
1RQ2

8Cik/8

8DO
BD1
802
803
B8D4
BDS
B8D6
807

101

7405126
quad bus bulfer
1
E1 s
2
5 {>06 m@—m
1 2 4 \
741504 _.{ SO——i €2
hex inverter 5 6 |
D2 02
4 10
,—-{3 >0——— €3
9 8
03&—03 -
13
€4
1 12
04 04
16
741502 START
quad NOR
— 4 32 13
ALE EOC
6 n 10 LF398
-ho!
74,;5;04 ADCpB!G 8 | sample-and-hold
B Y. analog-to-digitat LOGIC
2 converter INPUT
! 21
‘3 Ot 15 3
—q MUX OUT ANALOG IN
18 S 6
22 COMPARATOR OUTPUT HgAL'P
CLOCK IN 7
36 j LOGIC REF. :l_ 2.2
—1 ADDO nF
35
ADD1
34
ADD2
' 33
K ADD3
EXPANSION|37 .
” CONTROL [~—0*5V 2y
Do
25 T
o1 |
26 <
02 b3 10k§2
27
03
28
D4
2 3
D5 <
30 1 LM3298
1 ot REF(+) < 6.9V
3 or < ’2 zener
38 1 ref.
INO
16 analog . REF{-} s 270 k2
input chaannls <
{010 +5 V) wal l
IN1g GND |
J;o v
<} . 2
TUN 7.14 uda97937  ANALOG
u€

TO DIGITAL CONVERTER
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4 -
ﬁmm’m& SCSLCT (START CONVERSION SELECT) aruanzias
W1% PORT 30CH %q?ﬁﬂauqunws START CONVERSION a1n TCLK’ %3a
3171 PORT 30AH 515mm1m SCSLCT Lﬁuaaaﬂ "1" ADC wsgnﬂauqu
N19 START CONVERSION @a7n PORT 30AH Ltdﬁﬁﬁ’mmﬁm SCSLCT Lﬂu
"o" ﬂz‘lr’fﬁ’mmﬂm TCLK’ 9Wn19 START CONVERSION
doyaw INTSLCT  (INTERRUPT SELECT) A iudqginiiand
4’ t ¥4 ] 4 ’ ra .
Qntwaﬂau?wuﬂ IBM Tegn’izuanyeu PORT 30CH 1unﬁ7ﬂ1uqu IRQ2
N < v < X . v '
370 EOC 184 ADC #1928 TCLK’ 188 ADC Mat®TRaUANITAINIULAY &
I3 a -4 Ey) ]
n1Tua{ge EOC 789 ADC 1du "1" dautlvun IRQ2 989 IBM

PR v
LF398 Lﬂu'ﬁﬁ"li‘n‘tﬂ‘luﬂ"l? SAMPLE AND HOLD ﬁﬂﬁaﬁi)\‘l

o < o ! 4
ADC wiuinandumna Eoc  fvidu 1" ad 1da ADC t3urianaTuyas

©

L

daM (START) EOC aziiuas3n "0" ui2 LF398 A¥NEANIT HOLD

ﬁaﬁa?u HOLD CAPACITOR

+
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nARDITURIUTDNINIT 8253 TIMER 12435 ANALOG TO DIGITAL
CONVERTER #ax124997 INSTRUMENTATION AMPLIFIER ?ﬁ?suﬁmdﬁﬁtﬁu

< ' t o X
ANNITNARDITULARE T IUA U
8.1 8253 TIMER

4} - I3 8
ANTNARANLNEINUAITRICIUTAY 8253 THTUTULATNAIBILURN

' . ¥ < < P < dat
TUNITNAABN TQH?zﬂﬁﬂﬁiﬂﬁiﬁmmﬂmﬂuwﬂﬂﬂﬂﬂﬁad1aﬂLﬂutﬂﬂﬁﬂ?ﬁgﬂ
[

a0

WATHIRININITNVTR AT aUTIRAY  CLKO faqinafiy 1.1925 MHz TuaaA

s Ly ° T f VIS 't ' W

i1nN1ny 500 Hz ﬂquuqzmQQﬁauﬂﬁﬁﬂnuLﬂﬁntmaénaq 8253 inanu

o ' a 1Y) o ' 3

2385 IMNIMITNNANINT L T13¢ 17N COUNTER n@ﬁﬁuagﬁuTwum 3

c ¥ L 7 [ Qlu

COUNTER 0 WAT#QINaaana38 5 I COUNTER 1 #1I8nyINasanniu
[y .

41310 COUNTER O @78 9 WAT COUNTER 2 IENITANQUINARANIIN
[Y] : P < Y]

COUNTER 1 @78 53 TF9LNaN1TAQUNINAaAN  1.1925 MHz a287i%

ﬁ 2 4 ‘dﬂ [ I e
uﬂsuuqzﬂmLaﬂnwnnuﬁmmwmﬂaantﬂﬁnu 500 Hz

o i
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10 REM SET THE STATUS WORD FOR COUNTER 0 (00 01 111 0)
20 OUT &H307,&H1E

30 REM SET THE STATUS WORD FOR COUNTER 1 (01 01 111 O)
40 OUT &H307,&H5E

50 REM SET THE STATUS WORD FOR COUNTER 2 (10 01 111 O)
60 OUT &H307,&HBE

70 REM LOAD COUNTER O©

80 OUT &H304,5

90 REM LOAD COUNTER, 1

100 OUT &H305,9

110 REM LOAD COUNTER 2
120 OUT &H306,53

130 END :

’

1

d Sy (s
gun 8.1 uFavTUsuUNTUNTTIUNIINeany 8253
8.2 ANALOG TO DIGITAL CONVERTER

J g . v
N19TNAanYL N8Iy ANALOG TO DIGITAL CONVERTER Azt
4 e .4 :
NITNNRIIUNTIIAUNINORAITAY ﬁauTﬂiuniunwvﬂtuaﬂquﬂn 8.2 TV
t v
FLNINIINARDILAWIE  CHANNEL 0 Taavinn7iaufigyin DC #euwa 0-5
v > e < ¢ - & 1 w <.
V  19un ADC awnuunﬁq;nq DATA MLAIMWNUAULART INAIATIAUNAN

<~ ' 2 e, a ' < [y
wIuNIatd  D1lUnnIn1TU¥uA1  REFERENCE VOLTAGE nilawtwiiu ADC

Wl s ' o 1 d .
THUATENIAURINATUIU
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10 REM SET SCSLCT = 1 TO ENABLE PORT &H30A TO START
CONVERSION

20 OUT &H30C,2

30 REM 308H IS THE ADC PORT ADDRESS

40 REM SELECT CHANNEL 0

50 OUT &H308,0

60 REM START CONVERSION BY SENDING ANYTHING TO PORT 30AH
70 OUT .&H30A4,0

80 DATA = INP(&H308)

90 PRINT " DATA IN CH 0 = " DATA

80 REM DELAY CONVERSION FOR DISPLAY

80 FOR I = 1 TO 100

100 NEXT I !

110 GOTO 50 ]

120 END
gﬁ# 8.2 wdaxTUTLATUNIINAARDS ADC
MRNTTNARDINTE
INPUT (V) DATA
0 1
0.5 26
1 51
1.5 76
2 102
2.5 127
3 . 153

3.5 179
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INPUT (V) DATA
4 204
4.5 229
5 . 253

La | do v d_ vy = ¥ yoy o4
ALLAUIINANTITNARDINTIAAT DATA NIANTANAWATIA TN R LBD
d FYREN < ws [ 4
qqﬂﬁmmﬂmﬂﬁauﬁﬁnuauwﬂﬁaﬁ 'ADC uﬁaﬁmwawm?unﬂ1ﬂ7u1ﬁ15ﬂ15uwnn

- ' < <
NﬁuqﬂLﬂqﬂﬂammqmﬂmﬂﬁﬂW7Q§q
8.3 INSTRUMENTATION AMPLIFIER
TUNITNARANINIIT  INSTRUMENTATION AMPLIFIER Tulagy
|

-1 ] Vo A < a P v
STUR QSTquﬂﬁNuﬂ THERMOCOUPLE TYPE K ﬂqmﬁgumﬂﬂﬂluawUﬁawﬂ

3 . Ut v <
walanIeuINIn1T CALIBRATE ?0?71“Nﬁﬂwﬂwaqﬂuﬂﬂﬂqﬂ

qmwgﬁ (°C) Vo (V) ANIANTTAIRIU (V)
0 0 0
25 27.7 mV 27.24 mV
50 0.18 0.21
75 0.42 0.47
100 0.77 0.72
125 0.86 0.97
150 1.11 1.22

1
v

. ' = c
IMNAITNARADN qanﬂﬂinmaaqquﬁqaﬂuqmwQu 150 °C Az L ALla
R o X 4 ' ') 4w ~ A
TMUNAHNAURIA L NATULUDIITINATTBIAIIUAIUNIUNTTTUAYITneaasuaInly
] ar - <o . 7 1 d “xy 2/ .
LNIARITIYINNITHaa T 1IN 1T an19gt dasuldas@aasn1n1g CALIBRATE

[
-

. v ot v o« <
nuwaﬂmﬂﬁqwuniznqlmﬂﬂﬂﬁnatﬂaanW
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8.4 n19aanuuy PCB

4w
Tun198anityy PRINTED CIRCUIT BOARD (PCB) n747u
A [ 3 < ' PSIN ] o .
TaTd9 Uz NN L UUTa9d i ARFIUNLAEI289NUNITNINIUTANADYN
A aaTTatonn 9T DECODER, 8253, ADCO816, COUNTER,
[l 4 a [
BUFFER LY 1999 SAMPLE&HOLD FIUNFAVIARNF BB
: 5 [ 24 bt
INSTRUMENTATION AMPLIFIER ?d?zuﬂﬂﬂ%uuaaﬂtﬁu MODULE 7y 18
H U )
CHANNEL MUTATIIBBITTUTUNTHE 284N 158 8ALLLAD TdTunTy
ORCAD 7T9749un 171981 SCHEMATIC 1842937 WASRINUUAENRIAT
Q’ﬁ H L )
wday FILE 1ty SCHEMATIC u?wag?ugﬂnac NETWORK FILE
4 o <)

(%.NET) tuandu13ntunidaungy PROTEL AUTOTRAX gIU190
AUTOROUTE  #32R1Na%8n09uavTagdaTuia  397un177991ua3 9 lugn
d : ; £ SN vl |} PV
u17nﬂﬂxannaﬂﬂna@uﬂﬂﬂﬂﬁNQYQNugimﬂq 100% INABININAT

1 -J <4 E ¥ ar ] c} i ) hai 7} v
AMNARIENBIUANUINAIUNLHRRARALAIL BN Wi  PCB  nilaaanuuulila
S : o
us¥aeluIUN 8.4, 8.5, 8.6, 8.7 Uar 8.8 %q?ugﬁn 8.4, 8.5 WRY
. ' PN ]
8.6 Azuday PCB 248939 ITAIULTN uas?ugﬂn 8.7 uag 8.8 Iz

R 1 ‘J
HAANINRITTIUNIUNTD Y
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U1 -
U2
U3
U4
Us
U6
u7,U8
U9
U10,U14
U11
Uiz
U13
U15,U16
U1lv
U1is
U19
cr |
cz
C3 - C19
VR1
R1
RZ
R3
ZD1
S1,S2

P1

ADC08186
LF398

7T4LS126

74LS04

8353

7T4LS245
T4LS244
LM301N

7T4LS08

74Ls%4

74LS373

T4LS02

74LS154
7T4LS688
T4LS393

7T4LS32 ~
10 u¥F

2.2 nF

0.1 uF

10 K

10 K

15 K

50 K

6.9 V 1/2 W
DIP SW 8 CONTACT

CONNECTOR DB25/F
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WriteStr(40-(length(figot) div 2),1,67,7 *+figot+’ )
read(datafile,number);
for t := 1 to number do
begin
read(datafile,SortSelectCHLL1);

gotoxy(4,4+t); write(’CH.’,SortSelectCHIt],

end;
Str(number:2,num);
WriteStr(14,3,1low,’You select ’+num+’ ch. :?);
for t :=. 1 to.number do write(’ 7,
SortSelectCHLt1);
poboe=15 bt o= 1
wﬁile not Eof(dat;file) do
begin '
gotoxy (10#%tt+3,44+1); ~
read(datafile,datalt,ttl);
writeln(dataCt,ttd);
if Eof(datafile) then
begin f
WriteStr(40,22,low, ’End of DataFile.
Any key to continue...’)
beep(2000,50);
ch := readkey;
end;
inc(t);
if t = number+l then
begin

inc(tt);



end;
if tt = 8 then
begin
WriteStr(s0,22, low,
’ Any key to continue... ;);
ch := readkey;
Clearwin(13,4,78,23);
t o= 15 tt 1= 13
end;
end;
close(datafile);
end;
seﬁgraﬁhmode(getgraphméde);
end;
procedure LoadG;
begin
RestoreCRTmode;
clrscr;
getfi;
assign(datafile,figot);
settextbuf (datafile,buf2y;
reset (datafile);
clrscr;
if figot <> ’? then
beggn

for 1 == 1 to 16 do old_dataCil

1

setgraphmode(getgraphmode);

scale;

X

0

ws
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read¢datafile, nunber);
for i := 1 to number do read(datafile,
SortSelectCHLil);
i =13 11 := 13
while not Eof(datafile) do
begin
read(datafile,datali,iil);
str(datali,iil,channellCi,ii1);
setfillstyle(0,black);
bar(592,YpattLSortSelectCHLi1],633,
Ypatt[SortSelectCHL111+15);
setcolor(SortSelectCHLil);
if SortSelectCHLil = 0 then setcolor(white);
; outtextxy(Gob,YpattESortSelectCHEi]]+3,
channellCi,1i3);
display(old_datalCil,
Ypatt[SortSelectCHLiJl],SortSelectCHLil);
if Eof (datafile) then beep(2000,50);
inc(i);
if 1 = number+1l then
begin
inc(ii);
i := 13

end;

I

if ii 8 then

begin

=
.
i}

(=Y
s

)
[
.
I
fary
-

end;
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end;
close(datafile);
ch := readkey:
end;
end;
procedure BubbleSort(var SortSelectCH : list; n : byte);
var  Sqrted : boolean;

start : byte;

begin
repeat
Sorted := true;
for 1 := 1 to n-1 do
if SortSelectCHLil > SortSelectCHCi+1] then
: ; begin (
start := SortSelectCHCil;
SortSelectCHLil := SortSeléctCHEi+1];
SortSelectCHLi+1] := start;
Sorted := false;
end; N
until Sorted = true;
end; %

procedure selectCH; !
var cha : arrayl1..171 of boolean;
num : stringl23];
begin
RestoreCRTmodes;
for i := 1 to 17 do chalil := false;
CursorOff;

for i := 1 to 17 do WriteStr(31,3+i, 30,
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T ’+chanlil+’ '
WriteBox(30,3,51,21,56,box4,1,64);

WriteStr(33,3,75," Select Channel ?);

i := 13 number := 0;
WritesStr(31,4,126,"’ >+chanlCil+’ s
repeat -
ch := readkey;
case ch of
UArr : begin
dec(i);
if 1 = 0 then
begin
g :2) 5
<Wri‘lt,est;'(31,4,30,’ |\ r¥chancids’ SF
Writestr(31,3+i, 126, ’+chanl[il+’ ?)

if chal1] then WriteStr(38,4,112," ’+chanl13+” 7);

end
else
begin
WriteStr(31,4+i,30,’ ’+chanlCi+13+° ’
WriteStr(31,3+i,126,"° *+chanlCil+’? )

if chalCfi+1] then WriteStr(38,4+i,112,? ’+chanfi+1]+?
end;
end;
DArr : begin
inc(ij;
if i = 18 then

begin



111

b )
q40d SzddﬁﬁﬁwC?mvrﬁwrcvswj 9'8 W_Ah

e

6

g ] [C18 8 [Cs8

RIA
g

=] =]

| —

i =3 me




Tﬂﬂastszlﬂﬁﬂ‘ﬁ'a\‘l?‘é'd’)uﬂﬁﬂ\i
U1

U2-U5

Cc1

cz2, C3

ZD1,ZD2

R1

R2

R3, R10, R11, R13
R4, R14

R5
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Ry
8.5 TuUTunTuntoIuTasvvu

PROGRAM DAS;

uses ~dos,crt,graph,getfile;

const Ypatt : arrayf0..151 of word =
(40,65,90,115,140,165,190,215, 240,265,290, 315,
340,365,380,415)

chan : arraylC1..17]1 of stringl531 =
(’CH. 0’,’CH. 1’,’CH. 2’,’CH. 3’,’CH. 4°,
FCH ~51,.TCHNNE" , " —T2+€H. RN’ CH. 9°’,
’CH.10’,’CH.11’,’CH.12’,°CH.13’,’CH. 147,
CH.157,7 ALL 7);

menu : arrayli..7] of stringlCi10] =
(SSelect CH.’,’Saﬁpling ’,’Graph load’,
"Text load 7,’Start ’,’D0S shell 7,
"tht JVE -

Style : FillpatternType = ($54,%00,%2A,$00,%54,

$00, $2A,800) ;

type list = array(Cl..161 of byte;
var data : arrayl[1..16,1..163 of integer:
channel : arrayfl..16,1..161 of stringl(31;

cld_data

3

arrayl1..161 of integer;
bufi,buf2 : arrayf1..40961 of char;

SortSelectCH : list;

datafile : texts
fname : stringl793;
number,i,j,ii : byte;

date : strings;

samp : word;
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{$F+}
{$L WIN)
procedure FillWin(ch : char; Attr : byte); External;
proceduré open_graphs;
var graphdriver,graphmode, errorcode : integer;
begin
graphdriver := detect;
initgraph(graphdriver,graphmode,’’);
errorcode := graphresult;
if errorcode <> grok then
begin
writeln(’Graphics error : ’,grapherrormsg(errorcode));
halt;
eqd; ;
end;
procedure display(x,y,color : integer);
begin
if datalfi,iiJ*2 > old_dataCil then
begin
setcolor(color);
if SortSelectCHLil = 0 then setcolor(white);
repeat
line(x+62,y,x+62,y+15);
delay(2);
inc(x,1);
until x = datalCi,1iJ*2;
end;
if datalfi,iil*2 < old_datalCil then

begin
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setcolor(black);
repeat
line(x+62,y,x+62,y+15);
delay(2);
dec(x,1);
until x = datali,iil#2;
end;
old_dataCil := dataCi,iil#2;
end;
procedure scale;
var 1,J : integer;

stringl23;

ii
begin |
sehéolér(lightred);
setfillpattern(style,lightblue);
bar3p(0,0,639,479,0,topon);
setfillstyle(1,0);
setcolor(white);
rectangle(60,24,582,441);
bar3D(61,25,581,440,0,topon); ‘
J o= 112;
repeat
bar(j-1,23,j+1,27);
bar(j-1,439,j+1,443);
inc(j,50);
until j > 581;
bar3p(5,24,51,441,0,topon);
bar3b(591,24,634,441,0, topon);

for i := 0 to 15 do



begin
setpalette(8,13);
setcolor(iy;
if i = 0 then setcolor(is);
str(i,ii);

out.textxy (9, YpattCil+3,'CH. +1i+77);

procedure Dbeep(freq,time : integer);

begin

v

sound (freq)

delay(time);
nosounds;
end; ; (
function found(var fi : text) : boolean;
begin
{$I-} reset(fi); {$I+}
found := (IOresult = 0);
end;

procedure adcs;

const !ADC = $308;

begin
scale;
setfillstyle(0,black);

for i := 1 to 18 do old_dataCil :

i}
o
-

{%% set old_data 16 ch. = 0 %%}
port[$30C] := 2;
i

{%% set scslct=1 to enabhle port £30C to start ADC

ii = 0;

118
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repeat
inc(ii);
for 1 := 1 to number do

begin

port CADC] := SortSelectCHCi1l;
port (#3047 := 0O;
{¥#%% start conversion %k}
de}ay(lOO);
{#%% wait for EOC #kx%x)}
delay(samp);
datali,iil := portLADCI;
str(datalfi,iil,channelli,iil);
bar(s92, YpattLSortSelectCHIC11)3,633,
Ypatt[SortSélectCHEi]]+15);
setcolor(SortSelectCH[i])E
if SortSelectCHCLil = 0 then setcolor(white);
outtextxy(600,Ypattl{SortSelectCHLi13+3,
channellfi,iid);
display(old_datalCil,Ypatt[SortSelectCHL1i]1],
SortSelectCHLil);
end;

if ii = number then

begin
for ii := 1 to number do
begin
for i := 1 to number do
begin

writelnt(datafile,datali,iil);

flush(datafile);



end;
end;
ii := 0;
end;

if keypressed then
begin

for ii = 1 to ii do

o}

for i := 1 to number do
wripeln(datafile,datati,ii]);
close(datafile);
cleardevices
end;
until keypressed;
sngraﬁhmode(getgraphméde);
end;
procedure save;
var qeleét : char;
begin
RestoreCRTmode:
repeat

clrscr;

120

write(’ Save data in filename (*.DAS): 7);

readln(fname);
assign(datafile,fname);
if found(datafile) and (fname <>

begin

’7) then

writeln(#7,’ File ’,fname,’ already exists.?);

repeat

write¢? Overwrite 7 (Y/N]

7);



WriteStr(31,20,30,"’ ’+chanC171+’ ")

WriteStr(31,3+i,126,"’ ’+chanlil+?

end
else
begin

>+chanfi-1]+"

t

WriteStr(31,2+i,30,’

WriteStr(31,3+i,126,"° ’+chanlfil+?
I
if chali-11 then WriteStr(38,2+1i,112,” “+chanCi-11+7 ’);
! .

end;
end;

Return : begin

WriteStr(38,3+i,112,' “+chanCil+’ ?);

if not chalil then

1
1

: ; begin
inc(number);
SortSelectCHCnumberl := i-1;
end;

chalil = true;

= 18

‘o

if chal17] then number :
end;

end;

until (ch = ESC) or chali171;

str(number:2,num);

(1]
-

~

we

WriteStr(12,24,1low,’ You select ’+num+’ ch.

v if number < 18 then

begin
BubbleSort (SortSelectCH, number);

for i := 1 to number do Write(? ’,SortSelectCHLil);

nd

-

D



if number = 16 then

for i := 1 to 16 do SortSelectCHCil

ch := readkey;
setgraphmode(getgraphmode);
end;
procedure Sampling;
begin
RestoreCRTmode;
clrscr;
write(’ Sampling Rate (0 - 65536 ms.):
readln(samp);
setgraphmode(getgraphmode);
end;
propedufe GetDate(var aate : string);
var Regs : Reéisters;
stl,st2,st3,st4 : stringlC1031;
begin
FillChar(Regs,Sizeof (Regs),0);
Regs.AH := $2A;
MsDos(Regs);
wiih Regs do
begin

case AL of

0 : st1l := 'Sunday’;

1 : st1 := "Monday?’;

2 : stl := ’Tuesday’;

3 ¢ st1 := ’Wednesday’;
4 : st1 := 'Thursday’;
5 : st1l := ’Friday’;

128

t= i-13

’);
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6 : stl := 'Saturday’;

1 : st3 := "January’; ‘

2 : st3 := ’February’;

3 ¢ st3 := "March’;
4 : st3 := ’April’;
5 : st3 := ’May’;

6 : st3 := 'June’;
7 : st3 == "July’;

8 : st3 := ’August’;

9 : st3 := ’September’;
10 : st3 := ’October’;
s S Ae ’hovember’;

', 12 : st3 := ’December’;

end;
str(CX,st2); (¥ year )
str(DL,st4); (% date *)

end;

if length(sta) 1 then st4 := 0’ + st4;

date := st14’ ‘’4+std+’-"+st3+7-"+s5t2;
end;
procedure MainMenu;
begin
RestoreCRTmode;
FillWin(#}78,LightGray+B1ack*16);
TextAttr := Black+LightGray#16;
‘gotoxytl,l); ClrEol; gotoxy(24,1);

i
Write(’ 16 CHANNELS DATA ACQUISITION CARD 7);
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GetDate(date);
WriteStr(SA,ZS,reverse,’ ’+date+? 7);
CursorOff;
{ for 5 := 1 to 7 do WriteStr(3i,3+j,30,

? +menuljl+’ s
WriteBox(30,3,51,11,56,box4,1,64);
WriteStr(36,3,75,” MAIN MENU ’);

J o= 13
WriteStr(31,4,126,"’ ’+menuljl+’ ’)s
repeat
ch := readkey;
case ch of
UArr : begin
( dec(Jj)s

if j = 0 then

begin
Jj = T3
WriteStr(31,4,30,’ ’+menul 1]+’ )
WriteStr(31,3+j,126,’ ’tmenuljl+’? s
end
else
begin
Writestr(31,4+j,30,’ +menulJj+13+’ ')
WritesStr(31,3+j,126,° >+menulji+’ s
end;
end;

DArr : begin
inc(Jj)s

if jJ = 8 then



begin

J

t= 13

WritesStr(31,10,30,’ *+menul71+’

WriteStr(31,3+j,126,"’
end

else

’+menuljl+’

begin

Writestr(3i1,2+j,30,"’ ’+menufj-13+’

WritesStr(31,3+j,126,’

t

’+menuljl+’

end;

end;
! Return : begin

WriteStr(31,3+j,112,’

H ]

end;
end;

until ch = Return;

setgraphmode(getgraphmode)
end;
procedure DosShells
begin

RestoreCRTmode;

ClrScr;

’+menulji+’

delay(50);

-
?

131

writeln(’ Type EXIT to return to program...

SwapVectors;
Exec(GetEnv(’COMSPEC?),’ ")
SwapVectors;

end;

begin

ok

’



open_graph;

repeat

132

mainmenu;

case J

1

end;
until j = 7;
cldsegraph;

,

end.

of
: SelectCH;

Sampling;

LoadG;

LoadT;

: Saves

DosShell;

begin keep(2000,50); beep(3000,50); end
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y-¥2 National

Semiconductor

ADC0816/ADC0817 8-Bit uP Compatible A/D Converters

with 16-Channel Multiplexer

General Description

The ADCO816, ADC0817 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital con-
verter, 16-channei multiplever and microprocessor compati-
ble control logic. The 8-bif A/D converter uses successive
approximation as the conversion technique. The converter
features a high impedance chopper stabilized comparator, a
256R voltage divider with analog switch tree and a succes-
sive approximation register. The 16-channel multiplexer can
directly access any one of 16-single-ended analog signals,
and provides the logic for additional channel expansion. Sig-
nal conditioning of any analog input signal is eased by direct
access to the multiplexer output, and to the input of the 8-bit
A/D converter.

The device eliminates the need for external zero and full-
scale adjusiments. Easy interfacing to microprocessors is
provided by the latched and decoded multiplexer address
inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0816, ADC0817 has been opiimized
by incorporating the most desirable aspects of several A/D
conversion techniques. The ADC0816, ADC0817 offers high
speed, high accuracy, minimal temperature dependence,
excelient long-term accuracy and repeatability, and con-
sumes minimal power. These features make this device
ideally suited to applications from process and machine
control to consumer and automotive applications. For simi-
lar performance in an 8-channel, 28-pin, 8-bit A/D conven-
or, 3ee the ADC0808, ADC0809 data sheet. (See AN-258
for more information.)

Features

m Easy interface to all microprocessors, or operates

“stand alone”

Operategs ratiometrically or with 5 Vpg or analog span

adjusted voitage reference

16-channel multiplexer with latched control logic

Outputs meet TTL valtdge level specifications

0V to 5V analog input voltage range with single S5V sup-

ply

No zero or full-scale adjust required

Standard hermstic or molded 40-pin DIP package

w Temperature range —40°C to +85°C or —55°C to

+125°C

Latched TRI-STATE output

® Direct access o “comparator in" and “multiplexer out”
for signal conditioning

8 ADC0B16 equivalent o MM74C948

u ADC0817 equivalent 10 MM74C948-1

Key Specifications

u Resclution 8 Bits
m Total Unadjusted Error +14 188 and =i LSB
u Single Suppiy 5 Voe
u Low Power 15 mwv
m Conversion Time 100 us

Block Diagram

COMPARATOR IN

MULTIPLEXER
aur

START gLocx

-1

 O—ti
O
€N GF CONYERSION
o—tp | 1 CONTROL & TIMING UNTERAYPT)
pam !
o I 1 |
1 g cannsLs ! !
1 aNALOG puTs o O] MULTIRLEXING ! |
- NALOG
SWITCHES SAA. : .
& ! COMPARATOR ! ]
— : | 1AL Lo
Lo STATE —0
o—ti Qutrut o [FHTaUTITS
L Oeesedd l LATCH
| | wrsen 9
| ! o
¢ I
1 SWITCH TREE :
o . ]
T
44T ADoRESy O ADDRESS !——— - I
o—] tarcw 1 i
aND
AQUALSSLATCH ENASLE  O—{  0ECOOEA ] |
EXPANSION CONTROL } 53R RESISTOA LAGOER
! ouTPuT
_________ J At
Vee GNG AEFL AEF(=) TUH/S2TT-1
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Absotute Maximum Ratings (Notes 122)
1t Military/Aerospace speclfied devices are required,
jease contact the National Semiconductor Sales
ottice/Distributors for avallabillty and specifications.

Supply Voltage (Vec) (Note 3) 6.5V

voitage at Any Pin —0.3Vto (Vg +0.3V)
Except Control Inputs

Voltage at Control Inputs -0.3Vto 15V

(START, OE, CLOCK, ALE, EXPANSION CONTROL,
ADO A, ADD 8, ADD C, ADO D)

storage Temperature Range —65°Cto + 150°C

package Dissipation at Tq = 26°C 875 mW
Lead Temp. {Soldering, 10 seconds)
Dual-In-Line Package {plastic) 260°C
Dual-In-Line Package (ceramic) 300°C

Electrical Characteristics

ESD Susceptibility (Note 9) 400V

Operating Conditions (votes 1 & 2)

Temperature Range (Note 1) TMINSTA S TMmAX
ADC0816CJ —~55°C<Ta+125°C
ADC0816CCJ, ADCO816CCN, —40°C<TA< +85°C

ADC0817CCN

Range of Vgc (Note 1) 4.5Vpgto 6.0 Vpe

Voltage at Any Pin 0Vito Vo
Except Control Inputs . R

Voltage at Controi Inputs 0Vto 15V

(START, O€, CLOCK, ALE, EXPANSION CONTROL, -
ADD A, ADD 8, ADD C, ADD D)

Converter Specificatlons: Voo =5 Vpc= VRes(+), YReF(—) = GND, Vin=VCOMPARATOR N, TMINS Tmax and forx = 840 kHz

uniess otherwise stated.

Symbol Parameter Conditlons { Min - Typ Max Units
ADCO0818
Total Unadjusted Error 25°C Y LS8
(Note 5) TMIN t0 Tmax LA LS8
ADC0817
Total Unadjusted Error 0*Cto 70°C 1 LS8
(Note 5) TMiIN 10 TmAX 1Y LSB
Input Resistance From Ref(+) to Ref(—) 1.0 4.5 k
Analog Input Voltage Range | (Note 4)V(+) or V(—) GND-0.10 Voo +9.10 Voc
Vazs(-) Voitage, Top of Ladder Measured at Ref(+) Vee Veg~ 0.1 \
Yaes(—y = VREF(—
-5‘5—-1—1?155(—1 Voltage, Center of Ladder Veor2—0.1 | Veo/2 | Veg/2+0.
Yazsi—y Voltage, Bottom of Ladder I Measured at Ref(—) -0 0 ! \
Comparator Input Current | f =840 kHz, (Note 6) -2 £0.5 | 2 pA

Electrical Characteristics

Digital Levels and DC Specifications: ADC0816CJ 4.5V<Vccs$5.5V, ~55°C<sTas ~ 125°C unless otherwise noted.
ADC0816CCJ, ADCO816CCN, ADC0817CCN 4.75V< Voo £5.25V, —40°C<TA< +85°C unless ag_perwise noted.

Symbol | Parameter i Conditions i Min | Typ ‘ Max [ Units
ANALOG MULTIPLEXER
Aon Analog Multiplexer ON (Any Selected Channel)
Resistance TA=25°C, R =10k 1.5 3 kQ
TA=85C i 6 kfl
To=125°C i 9 kK
ARon AON Resistancs Between Any (Any Selected Channel) 75 Q
2 Channels R =10k
loer + OFF Channel Leakage Current Vec=5V, Vin=5V,
Ta=25'C 10 200 nA
Tmin 10 Tmax 1.0 pA
loFF(~) OFF Charinel Leakage Current Vee =5V, Vin=0,
Ta=25°C -200 nA
TMiN t0 TMax -1.0 pA
CONTROL INPUTS
Yingy) Logical “1” Input Voltage | Veg—15 \
Vingg Logical “0" Input Voltage ! 1.5 v
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Electricai Gnaracteristics (Continued)
Digital Levels and DC Specifications: ADC0816CJ—4.5V<Vcc<5.5V, —55°C<Ta< + 125°C unless otherwise noted.
ADCO0816CCJ, ADC0816CCN, ADC0817CCN—4.75V< Vo £5.25V, —40°C<Ta < +85°C unless otherwise noted.

Symbol r Parameter T Conditions Min l Typ L Max m?'
CONTROL INPUTS (Continued) -
fing1) Logical 1" Input Current ViN=18V 1.0 RA
{The Control Inputs)
liney Logical “0” Input Current ViN=0 -1.0 BA
(The Control inputs)
lec Supply Current fou =640 kHz 0.3 3.0 mA
DATA OUTPUTS AND EOC (INTERRUPT) . .
VouT(1) Logical “1" Qutput Voitage TT1g=560 pA, Ta= 85°C Veg—0.4 \
lo= —300 pA, Tp=125°C
VouT(o) Logical 0" Output Voitage lo=1.6 mA 0.45 \
VouT(o) Logical “0” Output Voltage EOC lo=1.2mA 0.45 V'
lout TRI-STATE Output Current Vo=Vcc 3.0 uA
Vo=0 -3.0 2A

Electrical Characteristics
Timing Specitications: Vo= Vagr(+) =5V, Vrer(~)=GND, t; =t =20 ns and T4 =25°C unless otherwise noted.

Symbol Parameter Conditions Min Typ Max | Units
tws Minimum Start Puise Width (Figure 5) (Note 7) 100 200 ] ns
tWALE Minimum ALE Pulse Width (Figure 5) 100 200 ns
tg Minimum Address Set-Up Time (Figure 5) 25 50 ns
TH Minimum Address Hold Time (Figure 5) 25 50 ns
to Analog MUX Delay Time Rg=00N{Figure 5) 1 2.5 »S
from ALE
tH1, tHO OE Control to Q Logic State C_ =50 pF, Ry = 10k (Figure 8) 125 250 ns
tin, LoH OE Control to.Hi-Z Cy =10 pF, R = 10k (Figure ) 125 250 ns
tc Conversion Time fs =840 kHz, (Figure 5) (Note 8) 90 100 116 1S
fe Clock Frequency L 10 640 1280 kHz
tEoC EOC Delay Time (Figure 5) 0 8+2us Clock
Periods-
CiN Input Capacitance At Controt Inputs 10 15 pF
Cout TRI-STATE Output At TRI-STATE Outputs (Note 8) 10 15 pF
Capacitance

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur, OC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2 All voitages are measured with respect to GND, unless otherwise speciied.

Note 3: A zener dicde exists, internally, from Veg to GND and has a typical breakdown voltage of 7 Vpc.

Note 4: Two on-chip diodes are tied to each analog input which will forwara conduct for analog input voitages one diode drop betow ground cr one diode drop
grester than the Ve supply. The spec allows 100 mV forward bias of either diode. This means that as long as tha analog Vi does not excead the supply voitage
by more than 100 mV, the output code will be correct. To achieve an absalute 0 Vg 16 5 Vpg inout voltage range will thersfors require a minimum supply voltaga of
4.800 Vpg over temperature variations, initial tolecance and loading.

Note 5: Total unadjusted emor includes offsat, fuil-scale, and linearity emmors. See Figure 3. None of thess A/Ds requires a zero or full-scale adjust. However, if an
ail zero code is desired for an analog input other than 0.0V, or If a narrow full-scale span exists (for example: 0.5V 1o 4.5V fuil-acale) the reference voltages can be
adjuated to achieve this. See Figure 13.

Note 8: Comparator input current is & blas current into or out of the chopper stabﬂtz;d comparator. The blas curent varies directly with clock frequancy and has
itthe temperature dependenca (Figure 6). See paragraph 4.0.

Note 7:If start puise is asynchronous with converter clock or if 1, > 840 kHz, the minimum start pulse width is 8 clock periods pius 2 ps. For synchronous opergtion
atf{c < 840 kHz take start high within 100 ns of clock going low.

Nots 8: The outputs of the data register are updated gne clock Cycle before the rising edge of EOC.

Nots : Human body model, 100 pF discharged through a 1.5 kf} resistor.



functional Description

yuitiplexer: The device contains a 16-channe! singie-end-
od analog signal multiplexer. A particular input channel is
solocted by using the address decoder. Table 1 shows the
input states for the address line and the expansion control
gne to select any channel. The address is latched into the
decoder on the low-to-high transition of the address latch

enable signal.
TABLE 1

Address Line
c B

Expansion
Control

| gelected
Anaiog Channel

i INO H
l IN1
| IN2

IN3

IN4
: INS
! IN6
IN7
IN8
IN9
IN10
IN11
IN12
IN13
IN14
IN15

X T IIIIIXTIrrrrrrrCreer|o
X X IIXIIrrrrIIXIIrrcreor
XL IXTrrrITXTrrIIXZrrrITXrr
X Ir-rXrIrIXTrIrIr X Xr|»
rIIIIXIIXIITIIITITITI

All Channels OFF

X=3en't care
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Additional single-ended analag signals can be multiplexed
to the A/D converter by disabling all the multiplexer inputs
using the expansion control. The additional external signals
are connected to the comparator input and the device
ground. Additional signal conditioning (i.e., prescaling, sam-
ple and hold, instrumentation amplification, etc.} may also
be added betwesn the analog input signal and the compara-
tor input.

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its 8-
bit analog-to-digital converter. The converter is designed to
give fast, accurate, and repeatabie conversions over a wide
range of temperatures. The converter is partitioned into 3
major sections: the 256R ladder network, the successive
approximation register, and the comparator. The converter's
digital outputs are positive true.

The 256R ladder network approach (Figurs 1) was chosen
over the conventional R/2A ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity is particutarly important in closed loop feed-
back control systems. A non-monotonic relationship can
cause oscillations that will be catastrophic for the system.
Additionally, the 256R network does not cause load varia-
tions on the reference voltage.

The borttom resistor and the top resistor of the ladder net-*
work in Figure 1 are not the same value as the remainder ot
the network. The difference in these resistors causes the
output characteristic to be symmetrical with the zero and
full-scale points of the transfer curve. The first output tran-
sition occurs when the analog signal has reached + ', LS8
and succeeding output transitions occur svery 1 LS8 later
up to full-scale.

CONTAGLS FROM S.AR.
L

™
e

REF(+) O—-l

1%A

o-AAA ~@—AA
Tvvrr VWY—A s oo e

10
. COMPARATOR
INPUT

AEF|~} Qe

TUH/§2T7-2

FIGURE 1. Resistor Ladder and Switch Tree



Functional Description (Contnued)

The successive approximation register (SAR) performs 8 it-
grations to approximate the input voltage. For any SAR type
converter, n-itarations are required for an- n-bit converter.
Figure 2 shows a typical example of a 3-bit converter. In the
ADC0816, ADC0817, the approximation technique is ex-
tended to 8 bits using the 256R network.

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
(SC) pulss. The conversion Is begun on the falling edge of
the start conversion pulse. A conversion in process will be
interrupted by receipt of a new start conversion puise. Con-
tinuous conversion may be accomplished by tying the end-
of-conversion (EOC) output to the SC input- if used in. this
mode, an external startconversioh purse shiould bé applied
after power up. End-of-conversion will go low between 0
and 8 clock pulses after the rising edge of start conversion.
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The most important section of the A/D converter is the
comparator. It is this section which is responsible for the
ulimate accuracy of the entire converter. It is also the com.
parator drift which has the greatest influence on the repeat.
ability of the device. A chopper-stabilized comparator pro-
vides the most effective method of satistying all the convert.
er requirements,

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed through a
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the amplifier since
the drift is a DC component which is not passed by the AC
amplifier. This makes the entre A/D converter exwremely

"7 "insensitive to temperaturs, long term dritt and input offset

8{Tors.

Figure 4 shows a typical error curve for the ADCO816 ag
measursd using the proceduraes outlined in AN-179.

T - INFINITE RESOLUTION
l=- FULL-SCALE "3 PERFECT CONVERTER
e 10EAL CURVE -<  ERROR=*1/21$8
. 10 '11%#:: . IDEAL 3-8IT CONVERTER
w i a
3 g 1 | snaowsteo AL
8 ERROA
o 100 5 100 ; -11s58
= ot £ ABSOLUTE
y
3 L NONLINEARITY = 172 LS8 2 " ACCURACY
g 819 P -4 . < ~1/2188
NONLINEARITY = -1/2 LS8 1 — QUANTIZATION
001 | - 801
= }~~ ZERO ERROR = -1/4 LS8 ERRO
fag Y- Vin 00g Vin
0 18 UV M8 s 5 8 N [ IRV 7T Y BT W T
Vi AS FRACTION OF FULL-SCALE Vin AS FAACTION OF FULL-SCALE
TUH/S277-3 TL/H/5277-4
FIGURE 2. 3-Bit A/D Transter Curve FIGURE 3. 3-8it A/D Ahsolute Accuracy Curve
+1/2 L$8 TOTAL UNADJUSTED ERROR —\_ REFERENCE LINE
QUANTIZING ' |
ERROR dl ; T
INPUT OV FULLSEAL
VOLTAGE - __:7_...._.__....___.....___-_-_ _______ LSLALE
~172 LS8 TOTAL UNADJUSTED ERROR
TUH/IS2TT-!

FIGURE 4. Typlcal Error Curve



Typical Performance Characteristics

15 T
f = 1200 Az
1

5 os v
E . fo v 840 k2
) 0
g fo = B20 kHz
&
z -85

-1 fo = 1200 kM2

s L
] 1.2% 25 18 §
iy W)

FIGURE 8. Comparator iy vs Vin
(Vcc=Vaer=5V)
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TRI-STATE Test Circuits and Timing Diagrams
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outeut
ENASLE
ouTPUT
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Vee vee
oUTPUT
10k ENASLE
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ENABLE
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'I ouTPUT

vee
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Vee

GND

Vee

VoL

Tas5°C

TAV\

SR

H

tows CL=10pF
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90%

50%
10%

] 1.25 5 378 5
Vi V)
FIGURE 7. Muitiplexer Ron VS ViN
(Vee=Vrer=5V)
ty CL=10pF thss CL =50 pF
i t
90% 0%
50% Sa%
1an } 1o%
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tye CL =50 pF
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FIGURE 8
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TUH/S2T7-8

TUH/5277T-

TUHIS2TT-10



FERTURES '

x Guaranteed 25,V max. Offset Voltage
Guersntzed 0.6.V/°C max. Offset Voltage

Drift with Temperature
Excellent 1.0xV/Month max. Long Term Stability
Guzranteed 0.6uV,_n max. Noise
Guaranteed 2.0nA max. Input Bias Current

RPPLICATIONS

u Thermocouple Amplifiers

.= Strzin Cauge Amplifiers

» Low Level Signal Processing
® Megical Instrumentation

' OP-07
Precision Operational
Amplifier

DESCRIPTION 7

The OP-07 offers excellent performance in zpplica-
tions requiring low offset voltage, low drift with time
and temperature and very low noise. Linear's OP-07 is
interchangeable with many-of the precision op-amp
device types. The OP-07 also offers a wide input valt-
age range, high common mode rejection and low input
bias current. These features result in optimum perfor-
mance for small signal level and low frequency appli-
cations. Use of advanced design, processing and
testing techniques make Linear's OP-07 a superior
choice over similar products. A bufiered reference ap-
plication is shown below. For single op amp applica-
tions requiring higher performance, see the LT1001
and for matched dual precision applications see the
LT1002.

Precision Buffered Single Supply Reference

Oftsel Voitage Drift With Temperature
0f Representative Units

OFFSETVOLIAGL 1aV)
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National
1 Semiconductor

Sensors/Transducers

(-

LM135/LM235/LM335, LM135A/LM235A/LM335A
Precision Temperature Sensors o

General Description

The LM135 series are precision, easily-calibrated, inte-
grated circuit tempersture sensars, Operating as 8
2-terminal zener, the LM135 has & breskdown voltage
directly proportional to absolute temperature 3t +10 mV/
°K. With less than 192 dynemic impedance the device
operates over 8 current range of 400 pA to 5 mA with
virtuslly no chenge in performance. When <alibrated
st 25°C the LM135 has typically less than 1°C error
over 8 100"C temperature range. Unlike other sensors
the LM 135 has a linear output.

Applications for the LM135 include slmost any type of
temperature sensing over 8 -55"C to 4150°C temper-

sture range, The low impedance and linear output

make interfacing to readout or controf circuitry espe-
cially easy.

The LM135 operates over 8 —55°C to 4 150°C temper-
ature range while the LM235 operates over a -40"C

to 4125°C temp:.ature range. The LM335 operates
from —10"C to +1C0°C. The LM135/LM235/L.M335 are
svailable packaged in hermetic TO-46 transistor pack-
ages while the LV'235 and LM335 are aliso available
in plastic TO-92 pi ¢ kages.

Features

® Directly calibrated in “Kelvin

» 1°C initial accuracy available

® Oprrates from 400 ;1A to 5 mA’
® {ess than 182 dynanisic impedance
® Easily calibrated

® Wide operating temperature range
® 200°C overrange

® Low cost

LM135/LM235/LM335, LM135A/LM235A/LM335A

Schematic Diagram
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. Typical Applications

Basic Temperature Sensor
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Reverse Current

Forward Current

Storage Temperature
TO-46 Package
TO-92 Package

LM135, LM135A
LM235, LM235A
LM335, LM335A

Absolute Maximum Ratings

10mA
10mA

-50°C t0 +180°C
-60"C to +150°C

Specified Operating Temperature Range
Continuous
-55°C to +150°C
. —40°C 10 +125°C
-10°C 10 +100°C
Lesd Temperature (Soldering, 10 seconds}

{ntermittent
150°C 10 200°C
125°C 10 150°C
100°C t0 125°C

300°C

Temperature ACCUracy LMi3s/LM235, LMI35A/LM235A (Note 1)

LM135A/LM235A LM135/LM23S
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Operating Output Vultage Te=25°C,Ig=1mA 207 | 298| 299 295 298| 3.01 v
Uncalibrated Temperature Error | TC = 25°C,Ig = 1 mA 0s 1 1 3 *c -
Uncalibrated Temperature Esror | TMIN < TC <TmaX.IR= 1mA 13 27 T2 5 °c
Temperature Error with 25°C Tais <Te <TMAX. IR= TmA ‘0.3 1 ‘05 15 °c
Catibration ), ’
Calibrated Error at Extended Te = TMAX (Intermittent) 2 2 °c
Temperatures :
- .
Non-Linearity Ig =1 mA 0.3 05 03 1 °c
Temperature Accuracy tm3ss, LM335A (Note 1)
PARAMETER CONDITIONS ' Lasan LM UNITS
- MIN TYP MAX MIN TYP MAX
Operating Output Voltage Tc=25°C,Ig= 1 mA 295 288 an 292 .2.98 3.04 v
Uncalibrated Tempierature Error | T = 25°C,Ig = 1 mA 1 3 2 6 °c
Uncalibrated Temperature Error | Tpin < TC < TMAX. IR® 1 mA 2 5 4 9 °c
Temperature Etror with 25°C° N\ TMIN<S Tc<TMAX. IR > 1 mA .05 1 1 2 °c
Calibration R . N
Calibrated Error at Extended Tc= TM.AX (tntermittent) "7 2 ‘c
Temperatures T ..
Non-Linearity IR=1mA 03 | 15 0.3 15 “c’
Electrical Characteristics (note 1)
- AM135/LM235 LM335
PARAMETER CONDITIONS LM135A/LM235A LM335A UNITS
MIN | TYP | MAX | MIN | TYP | mMAX
i Opeu'tingAOutpul Voltage A0 uA<IR<5mA 25 _‘IO 3 14 £ mV
Change with Curremt At Constant Temperature
‘Dynamic Impedance ig= 1mA 05 06 [v]
Output Voltage Temperature . +10 +10 mv/C
Drift . .
Yime Constant Still Air 80 80 sec
100 ft/Min Air 10 10 ‘sec
Stirred Oit 1 1 sec
Time Stability Te =-125°C 02 - 02 *Clkhe
Note 1: Accuracy measurements ar. inade in 8 well-stirsed oit bath. For other conditions, seif heaung must be considered.

ARt e A 1



Typical Performance Characteristics

Reverse Voltage Change Calibrated Error Reverse Characteristics
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"
Typical Applications (continuea)
THERMOCOUPLE COLD JUNCTION COMPENSATION

Compensation for Grounded Thermocouple

®Select R for proper Thermocougsie tvoe

THERMO- A3 SEEBECK

COuUrLE COEFFICIENT

J nm 52.3uV/C

' " T 3081 428uVIC
P AAA KX 93N 408 pV/C

l s 45.R1) 64uV/C

- Adjustments: Campensates for bath sengor and resistor toler-

r . sncet

= e 1. Short LM329R

v 3 7. Adjust R fne Ssehee! Corlficient times smbient temper:
RN . > ature lin degrees K] ncross 113 .
AW IR 3. Short LM335 and adji 51 A2 for voliags scross R3 corre-
- = IHERMDCOUPLT sponding to thermocouple “y DY
mo J 1432 mV K 1197 mV
- T 1179 mv S  1768mV

Single Power Supply Cold Junction Compensation

1wy

* Setect A3 and R4 for thermoco iple type

. THERMO- LG Ly SEEBECK
Tussuncomtf COUPLE . COEFFICIENT
Radid ] 1.05K 3850 6234V/C
T 8s61n 318 428V/C
[ gi16n 30011 408 #V/C
s 1280 4630 64uV/C
Adjustments!

1. Adjunt R{ for the voltage rcross R3 equsl to the Seebeck
Coefficient times ambient temperature in degrees Kelvin,
2. Adjurt R2 for voltage acrory R4 corresponding to thermo

) couple .
" outrur | L3 32wy K 1t mv

v . b T 11.79 mV R 1.768 mV

L3700

t—Pl—g——o 1
22 .
|€}__A"‘
3
IR
w
1]
A Y

Centigrade Catibrated Thermocouple T:henr;o.meuir-

wn’ e - o . .
~ \J X .o S
AAAr e AAAY- . — A 1Y .
o ’
- ™ :, 1.8 ™~ P wyre Terminate thermoco 13te ceference junction In close provimity
ms AAA < 1uy A .
JL WA— om o LMads,
iy = o [T o Adjustments:

.[_M___aw\,__.l - 1. Apply signal in plwe of thermocouple and adjust R3 for e
L . " . gainof 245 7.

LM3I?8K 10 grovse ¢, .
3. Adjust R1 so that Vot = 2982V € 25°C.

246 mV € 257C.
5. Remove shott across thermocouple.

2. Short  aondinverii  input ‘of LM308A and output of

4. Remove shart scrdss 1.M3296 and adjust R2so thm Voyt ~




Application Hints

CALIBRATING THE LM135

Included on the LM135 chip is an easy method of
calibrating the device for higher accuracies. A pot
connected scross the LM135 with the arm tied to the
adjustment terminal allows a 1-point calibration of the
sensor that corrects for inaccuracy over the full tem-
perature range. . . :
This single point calibration works because the output
of the LM135 is proportional to absolute temperature
with the extrapolated output of sensor going to OV
output at 0'K (-273.158°C). Errors in output voltage
versus temperature are only slope {or scale factor)
so a slope calibration at one temperatire corrects a1
all temperatures.

The output of the device (calibrated or uncalibrated}
can be expressed as:

T
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where T is the unknown teriperature and To is a ref
erence 1emperature, both eunessed in degrees Kelvin,
By calibrating the output 10 tead correctly 8t one
temperature the butput at .4l temperatures is correct.
Nominally the output is calib-ted a1 10 mV/ K.

To insure good sensing ecluracy several precautions
must be tnkeq.tike sny tumperature sensing device,
self heating can reduce sccuracy. The LM135 should
be operated st the lowest current suitable for the ap-
plication. Sufficient current, of course, must be svail-
shle 10 drive both the sensor snd the calibration pot
at the maximum operating tempe “ature.,

# the sensor is used in an ambrent where the thermal

resistance is constant, self heating errors can be cal-

ibrated out. This is possible if the device is run with
a femperature stable current. Heating will then be pro-

portiona! to zener voltage and therefore temperature.

This makes the self heating erior proportional to sb-

salute temperature the same ss scale factor errors.
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Definition of Terms

Operating Output Volitage: The voltage appenting across
the positive and negative terminals of the device at spec-
ified conditions of operating temperature and current.

Uncalibrated Temperature Error: The error between
the operating output voltage at 10 mV/ K and case
temperature 8t specified conditions of current and
case temperature.

Connection Diagrams

T0-92
Plastic Peckage

sotTTOM VItw  °

Order Number LM235Z, LM3352Z
,or LM335AZ
See NS Package Z03A

Calibrated Tempersture Erro-: The error between oper-
ating output voltape and case temperature at 10 mV/°K
over » temperature range at 8 specified operating current
with the 25°C error sdjusted 10 zero.

7046
Metal Can Package®

soTTOM VIFW .
® Cose ks connected to negstivepin

Order Number LM135H, LM235H,
LM335H, LM133AH, LM235AH
or LV 335AH
See NS | #2<age HO3H
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SNG4LS/ 7415682 » SN54LS5/74L5684
SNSALS/74L8686 « SNEALS/74L5688

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
vee Supply Vohage 54 4.5 8.0 8.8 v
74 4.75 8.0 8.28
Ta Operating Ambiert Temperature Renge 54 -58 25 128 °C
74 0 28 0
104 Output Current — High 64,74 -0.4 mA
ot Output Current — Low 64 12 mA
74 24
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
) UMITS
SYMSBOL PARAMETER
| WAX UNITS TEST CONDﬂ'IOPfS
Guaranteed lnput HIGH Voltsge for
Vi
i tnput HIGH Vohtage v All
v Cowy 54 07 Guaranteed Input LOW Yohage for
8 Input otage 72 08 v All Inputs
ViK input Clamp Dsode Vohtage -085 |-1§ A Vee = MIN, iy = —18 mA
54 35 v Vcc-MIN,IOH-MA&VWSVH
VOH Output HIGH Volhtage 74 15 v or Vy_ per Truth Table
64,74 02§ 04 v oL = 12 mA | Vee = Vee MIN,
vou Output LOW Vohage 74 035 | 05 v oL = 24 mA ViN = VIL O ViH
per Truth Table
20 vA Vee = MAX ViN =27V
WH Input HIGH Current - o1 mA Ve = MAX ViN= B85V
Inputs
Others o1 mA vccamvm-u)v
Ls682.0 ——
[ Input LOW Current Inputs Vee = MAX VN = 04V
Others -02 mA
los Short Crreust Current -30 ~130 mA Ve = MAX
LS682 70 mA
e Power Supply Cutrent 15684 €5 mA Vee = MAX
15686 75 mA
LsS888 _ 65 mA
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SNB4LS/74LS686 » SNE54LS/74L5887
SNB4LS/74LS688 » SN54LS/741L.5689

AC CHARACTERISTICS: Ty = 26°C

BSNB4LE/ 7418888
UMITS
YEST CONDITIONS
SYMBOL PARAMETER Wi ™ UNITS
LR ; 5ThA 13 25
L Propagation Delsy, Plo P=Q 2 30 ns
::-:: Propagation Detay, Qto P = G W gg ne
PLH Propagation Delsy. G. G110 P= Q :; 233 ne Vee =860V
PHL [ Ci = 45pF
WK | progagation Delay. P 1o P 5 G 9010 |, R = 6870
tPHL 15 kY
tPLH = 18 )
tprL Propegation Delay. Qlo P> Q 19 20 ne
PLH = o 21 20
vy Piopoqnm Deley. G):c.:'Pi-Q"— e | 28 ne
ENBALS /7418687 \
LIMITS
[ TEST
SYMBOL PARAMETER Y v 7y UNITS CONDITIONS
tPLH 5TAa 24 35
vy Propsgation Detay. P1o P =Q 2 2 ne
LU ————— 24 35
il Propagation Deley, Qo P = Q 20 20 ns
L Propagation Delay. G, 1 10 P =0 ANTIRN G Vee =50V
tPHL, CL= 45 pF
tPLH T A 24 35
tomL Propegation Delay, P1o P > Q 16 20 ns ‘ Ry = 6870Q
tPLH JR— 24 as
tPHL Propagation Delay. Qo P> Q 16 20 ns
PLH P 24 36
tehL Propagation Delsy,. G210 P > Q : 15 0 ns
SNBALS/74L5888
SYMBOL PARAMETER rv T v UNITS TEST CONDITIONS
tPLM 12 18 [
Propagation M_Plom 7 23 ne
PHL
= Vee =80V
:PLH Propagation Delsy.Qto P = Q ’ :; ;g ns CL = 48 pF
PHL 2 8 R = 68710
tPLH CiwpPon !
tPyL Propagation Delay, G. Gl to ?,- [6] 1 20 ns
ENBALS /7415689
I
SYMeot PARAMETER N LTY':S UNITS TEST CONOITIONS
:’U‘F Propegation Delay. Pto P = QO : §; ;2 ns
Vee = 8.0V
PLH n o BTG 24 © C =45
v, |Prooeoston Otay. Q10 P G i 2 8 ne 't_“;:’
LM - — 22 s
Py Propagation Detey. G. G110 P = O 1% o ne
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Y Sample and

~ Hold Amplifiers

F198I LF298/LF398 Monollthlc Sample and Hold C|rcu1ts

general descnptlon

The LF198/LF298/LF398 are monolithic sample and
hold circuits which utilize' BI-FET technology to obtain
ultra-high dc accuracy with fast acquisition of signal and
low droop rate. Operating as a unity gain follower, dc
gain accuracy is 0.002% typical and acquisition time is
as low as 6us to 0.01%. A bipalar input stage is used to

achieve low offset voltage and wide bandwidth. Input™ ~

offset adjust is accomplished with a single pin and does
not degrade “input offset drift. The wide bandwidth
allows the LF198 to be included inside the feedback
loop of 1 MHz bp amps without having stability
problems. Input impedance of 1010Q allows high
source impedances to be used without degrading

accuracy. i

P-channel junction FET‘s are combined with bipolar
devices in the output amplifier to give droop rates as
fow as 5 mV/min with a 1uF hold capacitor. The JFET's
have much lower noise than MOS devices used in pre-
vious designs and do not exhibit high temperature
instabilities. The overall design guarantees no feed-
through from input to output in the hold mode even
for input signals equal to the supply voltages.

features . ) .

: . Operates from *5V to +18V supplles

" m Low input offset

e

= Less than 10;1s acquisition time

& TTL, PMOS, CMOS compatible Ioglc input

® 0.5 mV typical hold step at Ch =0.01uF

8 0.002% gain accuracy

= | ow output noise in hold mode

® Input characteristics do not change during hold mode

n  High supply rejection ratio in sample or hold

m Wide bandwidth

Logic inputs on the LF198 are fully differential with
low input current, allowing direct connection to TTL,
PMOS, and CMOS. Differential threshold is 1.4V. The
LF198 will operate from 5V to *18V supplies. It is
available in an 8-lead TO-5 package.

functional diagram
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ﬁsgolute maximum ratings
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sd‘v'b iy Voltage . . +18V + Input Voitage . Equal to Supply Voltags
. . or Dissipation (Packege Limitati ) {Npte 1} 500 mW- - lLogicTo Logic Reference Differential Voltage. . .7 .7V, 30V
Qperating Ambient Temperature Range S, L . .
- LF198. - e ~55°C 10 4126°C™+ 7 :* { DOutplt Short Circuit Duration: i} " ndefinite
" LF298 LT . —26°C10485°C "* '~ .. Hold Capacitor Short Circuit Duration _ ,~ 10 sec
LF398 . P i 0°C to $70°C mperature (Soldering, 10 seconds) 300°C
g ] ratureRange ;. . —65°Ct0+150°C . T g
V'Ewrils.'.";_empe LA . et .
“electrical’ characteristics (Note3)  ..” - wge T -
i M PN : . LF198/LF298 y
METER CONDITIONS UNIT!
i PARA . © e TN T TR | mAx NIt
irput Olfset Voltage, (Note 6) Tj~25°C . . o 1 3 2 7 mv
- R Full Temperature Range * = . 5 - 10 mVv
v PO t ¢
Input Bias Current, {Note 6) Tj= 25°C s 25 10 S0 nA
Full Temperature Range 75 ’ 100 nA
Input Impedance ¥ Tj=26°C 1010 . 1010 Q
Gain Error i Tj=25°C.R =10k ° VO LA NE 0002 | 0008 0.004 0.01 - %’
Full Temperature Range T ; 0.02 0.02 %
Fesdthrough Attenuation Ratio | Tj=25°C,Cn=0.0WF - g | o g0 | e ) @8
*at 1kHz Py : S - . an
Output Impedance Tj=25C, "HOLD" mode s 2 os | & ‘Q
A o Full Temperature Range : . r -4 6 ‘a
“HOLD" Step, (Note 4) T} = 25°C, Cn = 0.014F. VouT =0 05 20 1.0 25 .y
Supply Current, {Note 6) Tj>25°C ' X 45 85 4.5 6.5 mA
Logic and Logic Reference Input Tj=25°C T2 10 2 - 10 uA
H N
Current i 5
Leakage Cusrent into Hold: Tj=25°C.{Note5) . 30 100 30 200 pA
Capacitor (Note 6} Hold Mode
Acquisition Time to 0.1% AVQUT = 10V, Ch = 1000 pF 4 \ 4 us
Ch = 0.01pF 20 20 us
Hold Capacitor C;\arging'qurem VIN - VOUT = 2V f .5 [ mA
Supply Voltage Rejection Ratio .| Vout=0 80 110 80 110 a8
Diffecentisl Logic Threshald = | Tj=25°C 0.8 14 2.4 08 14 24 v

Note 1: The maximum junction temperature of the LF198 is 150°C, for the LF298, 115°C, and for the LF398, 100°C. When operating at

elevated ambient temperature, the TO-5 package must be derated based on a lhén;nal resistance (GiA) of 150°C/W. :

Note 2:. Although the differential voltage may not exceed the limits given, the common-mode voltage on the logic pins may be-equal to the
supply voltages without causing damage to the circuit. Fof proper logic operation, however, ona of the logic pins must always be at least 2V below

the positive supply and 3V above the negative supply.

Note 3; Unless otherwise speciﬁed, the following conditions apply. Unit is in “sample” mode, Vg = 15V, Tj -,25°é, —115V < Viny S +11.5Y,

Ch= O.Dh_al‘:, _md RL" 10 k€2, Logic reference voltage > OV and logic voltage = 2.5V,

Note 4: Hold step is sensitive t0 stray capacitive coupling between input logic signals and the hold capacitor. 1 pF, for instance, will create an
additional 0.5 mV step with a 5V logic swing and a 0.014F hold capacitor. Magnitude of the hold step.is inversely proportiona! to hold capaci-

tor value.

Note 5: Leakage current is measured at 3 junction temperature of 26°C. The effects of junction temperature rise due to power dissipation or
elevated ambient can be calculated by doubling the 25°C value for each 11°C increase in chip temperature. Leakage is guaranteed over full input

signal range.
Note 6: These parameters guaranteed over a supply voltage range of :5 to ¢18V.

typical performance characteristics

Aperture Time* Capacitor Hysteresis Dynamic Sampling Error
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*See definition



typncal performance charc ctenstlcs (con ‘1)
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,f‘plication hints

-’E:ld Capaf:i'to.f ) ’ - differential for fast moving signals. In"addition, artno e
Yoo e e the output may have settled, the hold capacitor hes an, ¥
“Hold step, acquisition time, and droop rate are the additional lag due to the 30052 series resistor on the chip. "3
_major trade-offs in the selection of a tjold capacitor This means that at the moment ‘the “hold” command _. -
“yslue. Size and cost may also _become |m'por!a‘nt for arrives, the hold gapacitor voltage may be somewhat
jarger values. Use of the curves included with this data different than thé actual analog input. The effect of
sheet should be helpful in selecting a reasonable- value these delays is opposite to the effect created by delays

of capacitance. Keep in mind that for fast repetition in the logic which switches ithe circuit from sample to
rates or tracking fast signals, the capacitor drive currents - pold, For exampie, consider‘anianalog input of 20 Vp-p

may cause a significant temperature rise in the LF198. at 10 kHz. Maximum dV/dtis 0.6 V/us. With no analog ,

- phase delay and 100 ns logic delay, one -could expect

A significant source of error in an accurate sample and up to (0.1us)(0.6V/us) = 60 mV error if the “hold”
hold circuit is dielectric absorption in the hold capacitor. signal arrived near maximum dV/dt of the input. A

A mylar cap, for instance, may *sag back” up to 0.2% positive-going input would give a 60 mV error. Now

after a quick change in voltage. A long “soak" time is ., 8ssume a 1 MHz (3 dB) bandwidth for the overall analog
required before the circuit can be put back into the = toop. This generates a phase delay of 160 ns. If the hold

hold mode with this type of capacitor. Dielectrics with” capacitor sees this exact delay, then error due to,analog
very low hysteresis are polystyrene, polypropylene, and delay will be 10.16us){0.6 V/us) = =96 mV. Total out-
Teflon. Other types such as mica and polycarbonate put error is +60 mV (digital) =96 mV (analog} for a
are not nearly as good. Ceramic is unusable with > 1%, total of —36 mV. To add to the confusion, analog delay
hysteresis. The advantage of polypropylene over poly- is proportional to hold capacitor value while digital
styrene is that it extends the maximum ambient tempera- delay remajns constant. A family of curves {dynamic
ture from 85°C to 100°C. For more exact data, see the sampling efror) -is included to help estimate errors.
curve labeled dielectric’ absorption error vs sample time. i
The hysteresis numbers on the curve are final values, A curve labeled Aperture-Time has been included for
taken after full relaxation, The hysteresis error can be sampling conditions where the input is steady during
significantly reduced if the output of the LF198 is the sampling period, but may experience a sudden
digitized quickly after the hold mode is initiated. The change nearly coincident with ‘the “hold” command.
hysteresis relaxation time constant in palypropylene, This curve is based on a1 mV error fed into the output.
for instance, is 10~50 ms. If A-to-D conversion can be
made within 1 ms, hysteresis error will be reduced by a A second curve, Hold Settling Time indicates the time
factor of ten. Y7 required for the output to settle to 1 mV after the
“hold” command. 4 .

DC and AC Zeroing

DC zeroing is accomplished by connecting the offset Digital Feedthrough

adjust pin to the wiper of a 1 kQ potentiometer which
has one end tied to V¥ and the other end tied through @
resistor to ground. The resistor should be selected to
give =0.6 mA through the 1k potentiometer.

Fast rise time logic signals can cause hold errors by
feeding externally into the analog input at the same
time the amplifier is put into the hold mode. .To mini-
mize this problem, board Idyout should keep logic lines
as far as possible from the analog input. Grounded
guarding traces may also” be used arotind the input
line, especially if it is driven from a high impedance
source, Reducing high amplitude logic signals to 2.5V
will also help.

AC zeroing (hold step zeroing) can be obtained by
adding an inverter with the adjustment pot tied input
to output. A 10 pF capacitor from the wiper to the
hold capacitor will give ¥4 mV hold step adjustment
with a 0.01uF hold capacitor and 5V logic supply.

For larger logic swings, a smaller capacitor (< 10 pF) ‘Guarding Techniquie e Ry
may be used. oo
OFFSET
Logic Rise Time S ADJUST S g
\ 5 @ NC
For proper operation, logic signals into the LF 198 must . . - O
have a minimum dV/dt of 0.2 V/us. Slower signals will INPUT '

cause excessive hold step. If a R/C network is used in @
front of the logic input for signal delay, calculate the
slope of the waveform at the threshold point to ensure @

that it is at least 0.2 V/us. v

- @ocrc
BOTTOM
- VIEW
@LOGIC .
REFERENCE ..

GUARD TOP AND
80TTOM OF BOARD

Sampling Dynamic Signals

Sample error due to moving input signals probably
causes more confusion among sample-and-hold users
than any other parameter. The primary reason for this . ||
is that many users make the assumption that the sample ouTeyuT /—“,-1’\
and hold amplifier is truly locked on to the input signal } :

HOLD
CAPACITOR

while in the sample mode. In actuality, there are finite Use 10-pin layout. Guard around
phase delays through the circuit creating an input-output Cy is tied to output,



intel
8253/8253-5
: PROGRAMMABLE INTERVAL TIMER

= MCS-85™ Compatible 8253-5 .= Count Blnary or BCD

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

« DC 10 2.6 MHz u Avallable [n EXPRESS
—Standard Temperature Range
u Programmable Counter Modes —Extended Temperature Range

The Inte!® 8253 is a programmable counter/timer device designed far use 8s an Intel microcomputer peripheral. It usas AMOS
lechnology with & singls +SV supply and is packaged In 8 24-pin plastic DIP.

Itis organized as 3 irdependent 16-bit counters, each with 8 count rate of up 10 2.6 MHZ. All modes of operation are software
programmable.

~
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0,0, ¢ ;/ W | COUNTER L. uatte
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RO ——q e CAN 0,1 =P
TR e
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o,(] e nijouvts
| .t - canells sef)cate?
CONTROL - o ouro(] whues
WORO cuv:;lu poem QAT 2 gatgeljnn " :]cmu 1
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p——y awo(] 12 uPouts
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WTEANAL BUS /L

rA
2
-

Figure 1. Block Diagram Figure 2. Pin Configuration



intel

8253/8253-5

FUNCTIONAL DESCRIPTION
QGenersl

The 8253 Is a programmabdle interval timer/counter

specifically designed for use with the. intel™ Micro-
computer systems. lta function ls that of & genersl
purposs, Muiti-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 in any
microcomputer system, the genaration of accurate time

delsys under software control. Instead of setting up timing

loops in systems software, the programmer configures the
8253 1o maich his requirements, Initisiizes 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 whan it has completed its tasks. It is sasy t0 see
that the sofiware overhead is minimal and that muitiple
delays can easily be maintained by assignment of priority
fgvels.

Other counterftimer ftunctions that are non-delay in
nature but also common 1o most microcomputers can be
implemented with the 8253.

s Programmable Rale Generator

* Evant Counter

e Binary Rate Muitiplier

® Real Time Clock

* Digitat One-Shot

o Complex Motor Controller

Data Bus Butfer

This 3-stais, bi-directional, 8-bi: butfer is used tointertace
the 8253 to the syatem data b« Data is ransmitted or
recetved by the buffsr upon execution of INputor OUTput
CPU Instructions. The Data Bus Buffer has three basic
tunctions.

1. Programming the MODES of the 8253.
2. Loading the count registers.
3. Reading the count values.

Read/Write Loglc

The Read/Write Logic accepts inputs from the pystem bus
and in turn generates control signals for overall device

operetion. it ls enabled or disabied by CS 80 that no .

operation can occur to change the function unless the
device has besn selected by the system logic.

RD (Read)
A “low” on this input informs the 8253 that the CPU is
inputting Oata in the form of 8 counters value. -

WR (Write)

A “low” on this input informs the 8253 that the CPU is |

wutpulting data in the torm of mode information or loading
counters.

AD, At

These inputs are normally connacted to the address bus.
Thelr tunction ls 1o select one of tha three counters 10 be
operated on and to addresa the control word registar for
mode selection.

T3 (Chip Select)
A “low" on this input enables the 8253. No reading or
writing witt occur uniess the device is selected. The CS

input has no effect upon the actual operation of the
counters. X .

L axe
couten b aaree
| —oute
AD
™ p———CLK |
counTer
o p—aatzy
~ g out1
L
a ,___J
—-| f—ctn 2
CONTROL A
wono K K o CUT L—oaare
neaistEn [N—
o OUT 2
INTEANAL BUS /-\..

Figure 3. Biock Diagram 8howing Dats Bus Butter and

Read/Write Logic Functions
CE | B | Wi | Ay Ag
0 | 1] 0 ] 0 | G | LoadCounter No.O
0 1 o]0 1 | Load Counter No. !
o | 1 0 | 1 | 0 ! Load Counter No.2
‘0 |1 o | 1 | 1 | write Mode Word
ol o 1t | 0| 0 | Read Counter Na. 0
(IR 1 0 | 1. | Read Countse No. 1
o 10 17 T+ [ 0| Resd Counter No. 2
0 0 1 1 1 No-Operation J-State
1 X | X | X | X | Disble3Stats
o | 1 1 X | %X | No-Operstion 3-Stare




intal 8253/8253-5

Control Word Register

The Controt Word Register is sslected when AQ, Atare 11,
it then accepts information from the data bus butfer and
stores it in & register. The information stored in this
register controls the operations! MOODE of sach counter,
selection of binary or BCD counting and the Io-dmg of
aach count register,

The Control Word Register can only be written into; no
read operation of its contents is available.

Counter #0, Countar #1, Counter #2

These three functionat biocks sre identical in operation so
only a single Counter will be descnbed. Each Counter
conaists of g single, 16-bit, pre-settable, DOWN counter.
The counter can operate in either binary or BCD and its
input, gate and output are conligured by the selection of
MOODES stored in the Controt Word Register.

The counters are fully independent and each can have
separate Mode configuration and counting operalion,
binary or BCO. Also, there are special features in the
control word that handle the loading ol the count value so
that software overhesd can be minimized for these
functions.

The reading of the contants of each counter is available to
the programmer with simple READ operations for event
counting applications and special commands snd logic
are included in the 8253 so that the contents of each
counter can be read "on the fly” without having 1o inhibit
the clock input,

8253 SYSTEM INTERFACE

The B253 is & component of the Intel™ Microcomputer
Systema and intertaces In the same manner a3 ali other
peripherals of the tamily. It is ireated by the systems
software as an array of paripheral 1/0 ports; three are
counters and the fourth Is a control reglster for MODE
programming.

Basically, the select inputs A0, A1 connect to the AG, At
Address bus signals of the CPU. The €% can be derived
directly from the sddress bus using slinaar select method.
Or it can be connected 10 the output of a decoder, such s
an Intel® B205 for larger systems.

WNTEAMAL DL

—

Figure 4. Block Diagram Showing Coatrol Woed
Reg'ster and Counter Functions

ADOAETS But {16 )
b |

CONTAOL B )
[ ] | =

DATA 88 1) \

l I
oA O 0,0, iL =
aw

r.ounru oou.vlz COLTIR

ouv aul cn’ ot ou' cu 04

limlini

Figure 5. 8233 System Intertace
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M — MOQOE:
OPERAT -
ATIONAL DESCRIPTION M2 M1 Mo

General 0} 0] 0| ModeO
The compiste functiong! daefinition of the 8253 is Y} 0 1 ] Mode 1
programmed by the svstems soliware. A set of control X 1 0 | Mode 2
words must be sent out by the CPU to initishze each
counter of the 8253 v..th the desirad MODE and quantity X | 1 | 1 | Moded
Information. Prior to {~'tialization, the MODE, count, and [ 0 0 | Mode 4
output of ail counters -5 undefined. These control words Mod
program the MOOE, Loading sequence and selection of 1 o ! e §
binary or BCD countiny.
Once programmaed, the 8253 is ready to perform whataver 8CD:
timing tasks it is assigned 10 accomplish.
The ‘actualA gountizg ope;n::: of l«Incl'n <:o:mnlovd i; 0 Binary Counter 16-bits’
completely independent and additional logic 18 provide 8 -
on-chip 30 that the usual problems associated with 1 Binary Coded Decimal {8CO) Counter
efficient monitoring and management of external, (4 Decades)

asynchronous events or rates to 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 indwviduaity programmed by
writing 8 control word into the Control Word Register.
(AQ, A1 = 11)

Control Word Format

Dy Dg Ds Dy D3 Dy Dy

[ sc1 {sco ALt [ro Jma]mi]mol ::oJ

‘Detinition of Control
SC — Select Counter:
sC1 sCo

0 ; 0 Select Counter 0
0 1 Select Counter 1
1 0 Select Counter 2
1 1 itiegal

RL — Resd/Load:

ALt RLO
0 1] Counter Latching operation {see

" READ/WRITE Procsdura Section)
[+} Read/Lusd most significant byte only.

Read/L -.d least significadit byte only.”

Read/Lo.. t least significant byte lirst,
then ma  significant byte,

Counter Loading

The count register Is not loaded until the count value is
written (one of lwo bytes, depending on the mode
selected by the RL bits), followed by a rising edge and a
falling edge of the clock. Any read of the counter prior to
that falling clock edge may yleld invalid data.

MODE Detinition

MODE 0: .Interrupt on Terminsl Count. The output will
be inltlally low atter the mode set operation. Aller the
count Is loaded into the selected count register, the out-
put will remaln low and the counter will count. Whaen ter:
minal count I8 reached the output will go high and re-
main high until the selected count ragister is reicaded
with the mods or & new count Is loaded. The counter
continues to decrement after tarminal count has been
reached.

Rewriting a counter register during counilng results in
the following:

(1) Write tat byte stops the current counting.
(2) Write 2nd byte starts the new count.

MODE 1: Programmabdle One-Shot. The outpul will go
low on he count followig the rising edge of the gate in-
put.

The output will go high on the terminal count. if & new
count value ls loaded while the output 13 low It will not
atiect the duration of the one-shot pulse untiithe suc-
ceeding trigger. The current count can be resd at any
time without attecting the one-shot pulse.

The one-shot Is reiriggerable, hence the output will re-

main low ot the full count sfter any rising edge of the
gate input.
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MOOE 2: Rate Generator. Divide by N counter. The out-
put will be low tor one perlod of the Input clock. The
perloa from one output pulse to the next squals the
number of Input counts in the count register. If the
count reglater is relcaded belween output pulses the
present period will not be altected, but the subsequent
period will rallect the new vaiue.

The gate Input, when low, will force the output high,
When the gate Input goes high, the counter will start
trom the Initial count. Thus, the gate Input can be used
to synchronize the counter.

When this mode Is set, the output will remain high untii
after the count reglster Is loaded. The output then can
al30 be synchronized by software.

MODE 3: Square Wave Rate Qenerator.Similar to MODE
2 axcept that the autput will remalin high untll one half
the count has been completed (for sven numbders) and
go low lor the other half of the count. This Is accom-
plished by decramanting the counter By two on the fail-
Ing edge of sach clock pulse. When the counter reaches
terminal count, the state of the output Is changed and
the counter Is reloaded with the full count and the whole
process ls repeated.

I the count Is odd and the output Is high, the first clock
pulse (after the count Is loaded) decrements the count
by 1. Subsequant clock pulses decrement the clock by
2. After timeout, the output Qoes low and the full count
Is reloaded. The first clock pulse (following the reload)
decrements the counter by 3. Subsequent clock pulses
decrement the count by 2 until timeout. Then the whole
process Is repeated. In this way, if the count is odd, the
output will be high tor (N + 1¥2 counts and low for
(N~ 1)2 counts.

In Modes 2 and 3, If a CLK source other than the system
clock is used, GATE shouid be pulsed immediately tollowing
of a new count valus,

MOOE 4: Sottware Triggered Strobe. After the mode I3
361, the output will be high. When the count I3 loaded,
the counter wiil begln counting. On terminal count, the

output will go low for une input clock perlod, then wiit
@0 high again,

If the count rejister s relosded during counting, the new
count will be loaded on the next CLK puise. The count wilt
ba Inhibited while the GATE input Is low.

MOOE &: Hardware Triggered Strobe. The counter will
start counting alter the rising edge of the trigger Input
and will go low for one clock period when the terminal
count Is reached. The counter Is retriggeradle. The out-
put will not go low untti the tull count after the rlaing
adge of any trigger.

Signsi Low
Siatue Or Going
Modes e Rising High
0 Disavies — Ensoies
counting <ouniing
1 -_— 1) Intistes —_—
counting
2} Aesats output
sftar neat clock
2 1) Disadies
counting 1} Retasce Enabies
2 Sets oulpat 2 Lpuniet counting
immecistely ) 10t
ngn counting
3 1) Disabies 1) Rewcacs
counnng counter Enapies
2) Seis output 2) Intiates Y counting
mmedisigly
counti
nign g
4 Disatas —— Ensdies
counting counting
L - Imtiates —
countmg

Flgure 8. Gate Pin Operations Summary




8253/8253-5

MODE 0 interrupt on Terminal Count

L 3L ] l-—f—-—‘{
: :
[ e | | guammr s —
: :
qure j SES gy
[ ) IR B | ’
QUTPUT UNTEARPT) ' .
14" — =
a s

MOODE 2: Rate Generator

acc MU ULUAUANUULIUUNUUNL,

wee Tt X
= 4 ) 2t M3 3 VB2 VO
o e LT3 3 2 1 &2t 2 1

neser —

MODE 3: Square Wave Generstor

MODE 4: Software Triggerad Strobe

L] acd
4 3 1 t e
ourruT J
ana ™ Lpzaf
QATE 1 g
4 4 3 2 1V O
ouTruT n i

MODE 6: Hardware Triggered Strobe -

{
QATE |
4 3 2 Vv 0

OUTRUT Ia = 4 ) W |

L
~ ¢ 4 3 4 1 1 1 »
b

OUTAUT la = &)

Figura 7. 8253 Timing Disgrams
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8253 READ/WRITE PROCEDURE

_ Write Oparations

+The systems software must program each counter of the
8253 with the mode and quantity desired. The program-
mer musl write out to the 8253 a MODE control word and
the programmed number of count register bytes (1 or 2,
prior to actuaily using the aelected counter. .

The actual order of the programming is quite flexible,
writing out of the MODE control word can dbe in sny
sequence of counter salaction, e.g., countar #0 does not
have to be first or counter #2 last. Each counter's MODE
control word register has a separate address so that its
loading is completely sequence independent. (SCQ, SC1)

The loading of the Count Register with the actuai count
value, however, must be done in exactly the sequence
programmed in the MODE control word (RLO, RL1). This
loading of the counter's count register is still sequence
independent like the MODE control word loading, but
when a selected count register is 10 be loaded it Must be
loaded with the numnber of bytes programmed n the
MQOE control word (RLO, RL1). The one ofr two bytes to
be loadad,in the count register do not have to follow the
associated MODE control word. They can be programmed
at any time following the MOOE control word loading as
long as the correct number of bytes is loaded in order.

All counters are down counters. Thus, the value l1oaded
into the count regisier will actually be decremented.
Loading all zsroes into & count register will rasult in the
maximum count {2' for Binery or 10* for 8CD). InMODEO
the new count will not restart untit the load has been
compleied. It will accapt one of two bytes depending on
how tho MODE control words (ALQ, RL1} are program-
med. Then proceed with the restart operation.

MODE Cantrol Woed
Counter n

Count Registor byte
Counter n

LsB

Count Register byte

- Counter n

Nots: Format shown i¢ s simple example of loading the 825] and
does not imply that it & the only format that can be used.

Figure 8. Programming Format

Al ]| AO
MODE Control Word
Ne. 2 Counter 0 ! !
MODE Controt Word
> Counter 1 ! !
MODE Cantrol Word
\Va Counter 2 Vit
No.4 | LS8 Count Register Byts o 1
Counter 1
Count Register Byte 0 1
No.5 | MS8 Counter 1
Count Register Byte
No.6 | LS8 Counter 2 1 0
Count Reyister Byte
No.7 | MSB Counter 2 1 0
Count Register Byte
No.8 | LSB Counter O 0t o
Count Reyister Byte
No. 9 | MSB Counter 0 0 0

Note: The eaciusiva sducetses 0f asch counter's count register make
the tess ol programming e 8233 2 vary simpls melter, 302
maxsmum oflaciive use 0f the Cevice will result if this leatur e
e tuity utilized.

Figure 8. Altarnats Programming Formats
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ........ 0*Cto70°C
Storage Temperature .............. -85°Clo+15¢°C
Voltage On Any Pin .
with Respectto Ground  .............. -0.5Vio+7V
Power Dissipation ..... e eieeaeisaiaasaaeaae 1 Watt

*NOTICE: Strasses above those listed under “Abdsoclute

Maximum Retings” may cause permanent damags to the’

device. This is a stress rating only and lunctionsl opera~
tion of the device at thase or sny other conditions above
those Indicated in the operationas! sections of this
specilication is not implied. Exposure to absolute maxi-
mum rating conditiona lor extended periods may atfect
davice raliability.

D.C. CHARACTERISTICS (s = 0°Cto 70°C, Vg = 5V =10%) *

Symbol Parameter Min, Max, Unit Test Conditions
ViL input Low Voltage 0.5 0.8 \
Vin Input High Volitage 2.2 | Vee*.5V v
Vo Output Low Voltage 0.45 \ Note |
Vou Output High Voltage 2.4 \Z Note 2
['TR input Load Current £10 HA Vin =Vec to OV
loseL Output Float Laakage *10 HA VouTt = Vee o 45V
lee Vee Supply Current 140 mA
CAPACITANCE (7, = 25°C, Vg =~ GND = 0V)

Symbol Paramegter Min, Typ. Max. Unit Text Conditions

Cin Input Capacitance 10 pF tc= 1 MHz

Cio 1/Q Capacitance 20 pF Unmeasured pins returned to Vss

A.C. CHARACTERISTICS (Ta = 0°C 10 70°C. Vg = 5.0V = 10%, GND = 0V) °

Bua Parameters (Note 3)

READ CYCLE
: 8253 82535 ]

L Symbol Parameler . Min. Msx Min. Mar. | Unnt
L LR Address Suble.Balou READ 50 30 ns

tRA Address Hold Time for READ s | 5 ns
: tan READ Pulse Width 400 0 n
| o Dsta Delay From READI4 300 ) 200 ns
L e READ to Dats Ficating 25 125 25 100 e

tay Recovery Tima Between READ

and Any Othel.@nlroi Signal 3 ! He

.
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A.C. CHARACTERISTICS (Continued)

WRITE CYCLE .
8263 82835
Symbol Parameter Min. Maz. Min, Maz. Unit
taw Address Stable Betore WRITE 50 ' 0 ns
WA A.vdress Hold Time for WRITE 0 20 nt
tww WHITE Pulse Width 400 00 as
tow Da-a Set Up Time for WRITE 300 250 ns
WD Data Hotd Time for WRITE 40 0 ns
tRY Aecovery Time Between WRITE 1 ! “
and Any Other Control Signal
CLOCX AND GATE TIMING
8253 82635
Symbot ¢ Parameter Min. Max. Min. Max. Unit
telx Clock Period 380 dc 30 dc ns
tPwH High Pulss Width 230 230 ns
thwi Low Pulse Width 180 160 ns
ow Gate Width High 150 180 ns
tGL Gats Width Low 100 100 ns
tGs Gats Set Up Time to CLKT 100 100 ns
GH Gate Hold Time After CLK? &0 50 ns
o Output Delay From CLK 4] 400 400 s
ta0G Qutput Delay From Gatel [¢] 300 300 ns
NOTES:
1. loy = 2.2 mA.
2. low = —400 uA.
3. AC timings measured at Vou 2.2, VoL = 0.8.
4. Cp = 150pF.
* For Extenced Tamperature EXPRESS, use M8253 slectrical parameters.
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
24
pavice

=X

AC TESTING INPUTS ARE OAIVEN AT, + < FOR A LOGIC "1 AND 0 8V SON A
LOGHG "8 Tthorhed MEASOREMENTS ANy MADE AT 22V FOR A LOGIKC “1™ AND
GaVI0R ALOGK O

Ol
I
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WAVEFORMS
WRITE TIMING AEAD TIMING

o

Ap1. G TK Ag-te “3
s

fo—

N a7 4N

oo oA 3

N — T,

aw | o _" [+ e

DATA B8 ] x ] H
l———-—‘-\u‘l ,'-ei‘ ‘m}o—

n | Fo e — e T 4
! DATABUE 7/ MG IMPEDARCE 575700 vavid [lacm serCancl
4 i
CLOCK AND GATE TIMING
wn l"—'-\“"ﬂ AT b o f—
R O i NG gy PN
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LM101A
LM201A
LM301A

can be obtained.

OPERATIONAL AMPLIFIER

A generat purpose operational amplifier that allows the user to
choose the compensation capacitor best suited to his needs. With
proper compensation, summing amplifier slew rates to 10 V us

o Low Input Offset Current — 20 nA maximum Over
Temperature Range

e External Frequency Compensation for Flexibility
o Class AB Output Provides Excellent Linearity

e Output Short-Circuit Protection

o Guaranteed Drift Characteristics

OPERATIONAL AMPLIFIER

SILUCON MONOLITHIC
INTEGRATED CIRCUIT

Vee

tnverting
Input

Noninverung
Input

Betance

10 Mit
<

20k

FIGURE 1 - STANDARD COMPENSATION
AND OFFSET BALANCING CIRCUIT

FIGURE 2 - DOUBLE-ENDED LIMIT
DETECTOR

vy ¢——o0——

Output

Balance

i .—4——J - Vi e vyt

VEE wrorvr Vurv
Pins Not Shown Are Nos Con=eited

FIGURE 3 - REPRESENTATIVE CIRCUIT SCHEMATIC

Batance Compensation

T vee

J

Inputs
+

25 |OQutput

50

L

-
]

N SUFFIX J SUFFIX
PLASTIC PACKAGE CERAMIC PACKAGE
CASE 626-04 CASE 693-02

{LM201A and LM301A)

D SUFFIX
PLASTIC PACKAGE
CASE 751-01

SO-8 !

Balance |1} [8] Compensation

7] Vi
Inputs E.} 1 Vee
(3] 16] Output
Vee (4] [5] Balance

(Top View)

H SUFFIX
METAL PACKAGE
CASE 601-04

Compensation

Balance

40k

40k BO k

Sk320k 310k

1.0k

) 250 Balan;:e &

-0 Vge

(6) Output
Inputs
+ Balance
Vee
{Top View)
ORDERING INFORMATION
Temperature
Device Range Package
LM101AH -55°Cto +125°C Metal Can
LM101AJ ~65°C to +125°C | Ceramic DIP
LM201AD -25°Cto +85°C $0-8
LM201AH -25°Cto +85°C Mstal Can
LM201AN -25Cto +85°C Ptastic DIP
LM201A) ~25°C to +85°C { Ceramic Dip
LM301AD 0*Cto +70°C S0-8
LM301AH oCto +70°C Metal Can
LM301AN 0°Cto +70°C Plastic DIP
LM301AJ 0*Cto +70°C Caramic Dip

MOTOROLA LINEAR/INTERFACE DEVICES
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MAXIMUM RATINGS

VALUE
Rating Symbol LM101A LM201A LM301A Unit
Power Supply Voltage Vee. VEe *22 =22 +=18 Vde
Input Differential Voltage Vip - =30 > Volts*
Input Common-Mode Range (Note 1) VICR -t =15 - Volts
Output Shornt-Circuit Duration ts 4————————— Continuouys —————""—"
Power Dissip {Package Limitation) Po
Metal Can - 500 mw
Derate above Tp = +75°C <t 6.8 > | mwrc
Plastic Dual In-Line Package  (LM201A - 625 625 mw
Derate above Tp = + 25°C 301A) —_— 5.0 5.0 mWwWrC
Ceramic Package - 750 = mw
Derate above 25°C - 6.6 » | mwrC
Operating Ambient Temperature Range Ta -55to0 +125 -25to0 -85 [ Oto +70 °C
Storage Temperature Range Tstg 4——— -65t0 +150 —————» *C

Note 1. For supply voltages less than =15 V, the absolute maximum input voltage is equal to the supply voltage.

ELECTRICAL CHARACTERISTICS (Ta = +25°C unless otherwise noted.} Unless otherwise specified, these specifications apply
for supply voltages from =5.0 V to =20 V for the LM101A and LM201A, and from =5.0Vto
=15 V for the LM301A.

LM10tA
LM201A LM301A
Characteristics Symbol Min Typ Max Min Typ Max Unit

Input Offset Voltage (Rg < 50 k{}) vio — 0.7 20 - 2.0 7.5 mV

input Offset Current 10 — 1.5 10 - 3.0 50 nA

Input Bias Current hg - 30 75 i 70 250 nA

Input Resistance i 1.5 4.0 - 0.5 2.0 — Megohms

Supply Current Icclee mA
Vec/VEE = =20V — 1.8 3.0 — - —_

VeeVEg = =15V T i = T 1.8 3.0

Large Signal Voltage Gain Ay 50 160 — 25 -160 —_ VimV
(VeeVeg = = 15V, Vg = =10V,

Ry > 2.0 k1)

The following specifications apply over the operating temperature range.

Input Offset Voltage (Rg = 50 ki1) Vio - - 3.0 — —_ 10 mV

tnput Offset Current o — — 20 - — 70 nA

Average Temperature Coefficient of AV|0/AT — 3.0 15 -~ 6.0 30 uvrc
Input Offset Voltage
Talmin) € Ta s Talmax) -

Average Temperature Coefficient of Aljo/aT nASC
Input Offset Current
+25°C < Tp < Talmax) — 0.01 0.1 — 0.01 0.3
Taimin) < TA = 25°C - 0.02 0.2 — 0.02 0.6

Input Bias Current lig — —_ 100 —_ —_ 300 nA

Large Signal Voltage Gain Ay 25 — - 15 - - vimv
(Veo/VEE = =15V, Vo = = 10V,

RL > 2.0 k)

Input Voitage Range Vi v N
VCoVEE = 220V ISH — - - — - 1
VecVeg = =15V — —_ —_ =12 — —_ !

Common-Mode Rejection Ratio CMAR 80 96 - 70 90 — d8 )
Rg = 50 kQ i

Supply Voltage Rejection Ratio PSRR 80 96 — 70 26 —_ dB8 '
Rg = 50 k2

Qutput Voltage Swing vo v !
VeoNEE = =15V, R = 10 kA, B - =12 | =14 - i
R = 2.0 kQ =10 | =13 - =10 | =3 ] — i

Supply Currents (TA = Ta{max), Icc. lee — 1.2 25 —_ — —_ mA
VecVee = =20V) N

MOTOROLA LINEAR/INTERFACE DEVICES



TYPICAL CHARACTERISTICS
(Vcc = +15V, VEg = —15V, Tp = + 25°C unless otherwise noted.)

FAGURE 4 — MINIMUM INPUT VOLTAGE RANGE

2
L1
P Applicable to the Specified
g 15 Qperating Temperature
b4 | Ranges
g | |
g ! ! [
Positive d
Z a0 N
> \/ L~
g ¥ | L~ N
£ ¢ Negatve
> i
H
o L
[ S0 10 18 20
Ve and | - Vgg!, SUPPLY VOLTAGE (VOLTS!
FIGURE 6 — MINIMUM VOLTAGE GAIN
100 ‘[
T
“ A\ppti 1o the Specified
Operating Temperaiure
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z 8
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z =a!
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FIGURE 8 — OPEN-LOOP FREQUENCY RESPONSE
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RGURE 5 — MINIMUM OUTPUT VOLTAGE SWING
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FIGURE 7 — TYPICAL SUPPLY CURRENTS
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Vin, VOR, VOLTAGE RANGE { = VOLTS!

Vo, OUTPUT VOLTAGE RANGE | + VOLTS)

TYPICAL CHARACTERISTICS (continued)
(Vcc = +15V,VEg = —15V, To = +25°C unless otherwise noted.)

FAGURE 10 — VOLTAGE FOLLOWER PULSE RESPONSE
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FIGURE 12 — LARGE-SIGNAL FREQUENCY RESPONSE
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FIGURE 11 — OPEN-LOOP FREQUENCY RESPONSE
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TYPICAL COMPENSATION CIRCUITS

RGURE 14 — SINGLE-POLE COMPENSATON

- Vi —AA\—4

Frequency

—
Cl = oYy

/1
Cs = 30 pF

Compensation
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FIGURE 15 — FEEDFORWARD COMPENSATION
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54126.” 74126 Quadruple Bus Buffer Gate with Three-Siate Qutput .
Schottky TTL Hign-Speed TTL Los-Power Schotly TTL Standard TTL Low-Power TTL |
! Package Package ; Package | Packags I's
: H : < Package
Device Type ———r—7—1Device Type +—1{ Device Type Device Typet — 2 2_
ye iCTPTMcE P8 D M CF YP? e iMcr y2e T TaicE] Device TYPe [eT T
Ti H LI A : 33 28 It Lot
’ i ! : T fsnoacs 1. V i
! + ! . '
FAIRCHLD —T — oW TP : ]
! . R !
7 T T T HER! !
MOTOROLA i . f—r—}
H eee 4 ! . 1 < H
i 1 I Az ] Pt
NS.C. T ; M e I T 1 1
r
PHLIPS ; ; P ' T
1 Ty 1.3 0% i T T X T3
[ ! [ ' [N 344,08 ! H H
.- H ; [
SIGNETICS 1 T T LI R ey f : :
SIEMENS Ll et ! : T
O ' i
[N 5 LT B i T
H t
FUNTSU | : . LA I AR
. b R 1 | ! ' |
T v o -
HTACH f— } : '
4 ~T 8126 a0 H
St
MITSUBISH ; T i
3 . A3 25 N 7
4 I
NEC T = T
[ T
TOSHBA S ——t |
. H ! 1 !
r har ristics H . ' .
Electrical Characteris SNSALS 126 SN74LS 126 Pin Assignment (Top View)
sbsolute maumum ratings cver annuu-g teee-arr u-o.»m,,.
Sowie wtvr NCC il I3 PR |L>\n..s i D -
R v trmperar - N [svies | P .J_1 -I_A_‘ A
i $tiwarr  mmeaye cr\ae | vy —_-.E.:-.i.'zx_.:v
. opersting cond i
SNSaLS126__ SN73L5128 D
i~ WO WA . Wi WO wax | T g I
Suooh o VOC s [ vy 3 s . '
PP p———— 7 = i3 A S i
—om vl wiout fent 190 1 12 | 0 ~a > I
Do sl oo ae v dn T3 3% 2 1 0 ¢ T T __,-’—,J:
o2 g
electrical characteristics over recommended operating S Tl T
free-air tamperature range positive logie:
PARAMETER TEST CONDITIONS' |MIN TYP: MAX | UNID Xad
Vin M ghe'eyel npul itaae F v Output 15 off (disabled) when C 8 1ow.
Vi Luow-level nput vo'tage 048] v
Vi Inpul clamp woitace Veg T MING 1w - aded -t S v
Ve MIN, R E
Vig =2V, §iLS Fa-s
Vor Hgn-fevel ouipul soitage v
wseav. [T
P cMAK L5 7Ty 2
N . Von =ML S 2V s %
VoL,  Low-'evet ouidu! vGltage Vi -0 BV, b sMAX 3 33 v .
vee TMAX
10(ott) Ott-state (mqn-moedance v‘c“t v Vo2 4 2| .a
- =2V,
$1a18) Oufput Current vg<=0 8/
Vi, +0 8v v ©
TR * Schematlc(each gate)
" maumum Input voltage fce=MAL N =Ty e e ; "
[ Hognevel nput current ICC TMAK  Uia w2 TV 1 200 a4 se ToeFas i (‘ )
Vi, Lown-loval inpul Current . Ve =MAX Wy =0 4V 24| Ta B
. . . [sacs 7a=-,] a0 25| ,,z L SN H
108 Srortcrcud ouiaut curent ¢ | Vo =MAL FeT TS 78] "0 | conrmol ’{L\ L ge! T .
meyr Y . 4
e : \H: S
IcC  Susoly current DATA INPUT =0V, ¢ 22y ma N & L : ' i Y t
JUTPYT CONTRQL=QY . — s ¥ Yest .
Prapagation Jelay time, :-‘7" + g e b b — ——3N0
{PLM low-10-high-levsl outout 3 15| ns NH:f % .= [ |
Pro; thon delay hime, .
thu, | oednon deldy bne PRSI 126 CIRCUIT
ngn-to-low-level cutput Cu=850F
Qutput enable tms to Py =g6Tu
vee= 5V,
R mgh leve! ¢ . B3| s
QOutoul emable tms o . -
Ta =2%C *
L o el . ) x| o0
Quiput disabls time from >
2 mgn ‘esvel Ce=50F. il
Output disable time from AL =670
i tever 3] ns
N ‘\ Resistor values shown are ngminal snd in ahms.
\
T For conditions 3hown as MIN of MA X, use the 20DroOrate value tad under oparating
£ Al typical values are at VeC™ SV, Tan25C. .

®Not mora than one QUIPUt INOUIS be shorted At & thime,

12¢
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4-Line-to- 16-Line Decoder , Demultiplexer

Schottky TLL High- Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Package P ackage
Devica Type = Device T Device T Device T Device T —T~
YP® rCTPM CH YPe (TP IMICH] PO TP MCH PO I TRMICF YPO I CTRIMICF
Tt I SNS4IS4 1@ W SNSaL 1S4 3T
2 i SNT4IS J DMy SNT4L IS4 J3TING
- L9
FAIRCHILD . Tl oD | D
]
MOTOROLA T U] 5T 1
N.S.C [ i DML 5154 t OMS4154 4 O FO] OMSAL 1844 10 N F 1
3. { ! UL 5154 T DMT4154 T ND[  [FDf OM7sLIS4A 10:L NT F 1
. 1 1 [ l
PHILIPS H L R VLS54 T NT4154
[N [ SS4154 FE N U
SIGNETICS r T T NTITSA NG
| v . i
SIEMENS T 7 X FLY 181 [}
i
FUJTSU ——
s b 1l
HITACH! 1 ROTILS 15 P W74 1547 HOZS0_| @ PO
P |
MITSUBISHI — . e s
i
NEC N uPB2154 o)
TOSHIBA - !
Electrical Characteristics SN54154,7SN74154 .
Function Table
absolute maximum ratings over operating free-air temperature range 154, 'LiS4
Suoply witage. Vo TV | Operating free-ar [SNS4 | -$5¢ 10 125T Catted ourruTs,
Input_voltage 55V | tamporature range {Snie 0C 1o 70T 81 62 CoA 01234867 881011121354)3
i Storage tamperature range —65C 1o 10T [ LLL L LA H M MK MHHHKHHMMNHKHEEH
1 Lo L L LM NLI‘NHNNMNNMNNNNN
recommended operating conditions LL LML | MHLHBWHHKERHKEHRNRRSNNH
L L [ SIS ] MM ML NRHANANNR=S NN
[ snsais4 SN74154 | CL L MULL | wHRSLARRRHKHRNR NN
IMINNOMMAXMINNOMMAXUMT LY L HLH MM M MOHLMHMHHRNRKESHANR
+ L (SN L HHL WH MR MK LM HHAHNHNHRHNHNRHR
Supply voltage. Voo , 45 s §$S514.78 5 8.25; Vv [ L H MK MM OH M MK ML W RNKHHRHE®
Hignefevei vutput Gurrent. !Qy { ~300 | ~300 , nA LS i ML L L Mow MR HEMHLHENNHANN
-7 H T L L L LK M OM M MR OAHHHLHNNMNMNHH
Low-lavel output current, 161 ; 16 1 151 ma R HP R B R o R G
Gperating free-aw_tamperature, Ta 1 =55 125 0 N c O T U R L R L AT L B LW MN~
elactrical characteristics over recommended operating A A A - S (e b A
free- air temperature range LL!nnnL WM MR M N MHNNKHHNH®RLMN
PARMETER ¢ TEST CONDITIONS? |MIN TYPT MAX UNIT e T L NV N Y
- [ ) X X X X ¥ M M B HHKHMNMNHHRNHANHA
Vi Hgh-level input voitage 2 [ nLlexx WoR R MMM MHHMNEKGSBMMHH
Vi Low-levei :rput voltage 08! v HoWM ' 2 x %X X H MM HHHHKHMHKEHMNHNHH
Vy Input clamp voitage Voo =MIN, Iy= —12mA -1.5. V e et L s low tevel. X T wrelevant
. VCC=MIN, Vi =2V, . 1 .
Vou  High-level output voltage Vi =0.8v, lop = ~8004A 24 3 LV Functional Block Diagram
L
VECEMIN Vi =2V, 1
VoL Low-lavel outzut voltage Vi =0 8v gy =iémA 02 Q4 l v
\ rput currmnt 3t mMaximum v - v s v '
S =
! wput voltage cc % Vi=s. - ! | mA
Y1y Migh-level ingut cuerent Voo =MAX, V=24V 0 LA
[T Low-lavel rput current Veg=Max, v;=04v —1.&, rA
T . . _
1gs  Short-circwt output currarte, | VEQ =MAL, f-z%?—:—:-T?:—_——_:—i- ™A
TV oG s VAL T 3 1]
ice [T WL A —— |
ce  Supply curens . Sae Nots TSnIE T w ™
from A, B, C. or D mputs i
PLM { invough 3 tevels of loge ! e T INPUT ja s
-] trom &, 8.C, or O mputs | Voo =54 BA=3T T S — 8}
H
PHL | inrough 3 tevels of fogie CL=ISpF. R =400y et o2t < outPuTS
1PN from erther strobe input 20 30 s < — L) 2 "
temp irom either strobe wnput 18 21{ ns 1100
Pin Assignment (Top View) °W oy
v ~ouTs ouTPury L 0 18
cC e
T 151}
@ el bk iyt a
PITIITTITIT e
A B C O G G i3 & 13 17 | ;.,:u
f 1° " i IC'.“
Pl 2 3 & s & 1 3 9 10 | :
H A are
L] ]IiLIUL:(LJ S P
= (S it g ] - ' T
ROt 04 gt Dby DT g
authuTs —— w0 154, 'l.‘.154 4-LINE-TO- I6-LINE DEGOQER/OEMULTIPLEXER
posiliva agic + wme lunclem table NOTE: g 13 tneasured with all iaputs grounded «nd all outputs open.

1t For conditions shown as MIN or MAX, use the

TAH ypcad vaken are 3t VOGRSV, Toa2ST. "
®Not more than one output should be thorted at 2 tima,
® 1y mpropagation jeay we. low-to-high-level autput

1P mPropagancn seiay time rgh= 0= law-level output

value specilied under Sed

for the apphcable type.
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free-air tempe/ature range

PARAMETER TEST CONDITIONS t

Schottky TTL High- Speed TTL Low-Power Schottky TTL Standard TTL Low- Power TTL
. Package , Package . Package . Package . Package
T Device T
MTMCPMGMTY”C{PMGM*MCPM(FD?M PO TR TMIG e TP IMI|CF
T. I S SNSAL 5393 10 ] SKs4333 N3 0
. | SNIaL 5393 JOIND] SN14393 JT NG
FAIRCHILD i :
MOTOROLA
N. 8. C.
PHILIPS
SIGNETICS
SIEMENS :
FUJITSU i
HITACHI ==
'
MITSUBISHI : e — =
NEC ,
TOSHIBA ]
Electrical Characteristics SNS4LS383/SN74L5S393 Pin Assignment (Top View)
absolute maximum ratings over operating free-air temperature range 2 O‘L't”s
Suwoly voage, Voo TV | Operatng frecar | Snals | —85T 1o 138C vee 2a cuean 7204 208 20c 200"
Input_voltage v tamperature range | sanus OT 10 70T 14 13 12 11 10 9 8
Storage Temperature rangs ~85TC 10 125T ® = - I 1
recommended opersting conditions I_ Qa Ce oc Go
CLEAR
SN34LS3IS0 1 SN74L5390 uNIT F
MIN NOM  MAX | MM NOM  WMAX »
Supoly voltage, Ve €3 5 551415 § 875 v __—_T .
High-leve! output curcent, lop 400 ~400 | ,A
Low-levet oumut current, ig 4 4! ma |
Count trequency, foount ; x: : :: : :; MMy ‘AJ
A& nput MGh o law 20 ) [—Cl.g:'( s S A
Puise width, t, 8 nout twgh o low 25 28 1 1 T I 1
Clear high 20 20 1 2 3 4 5 6 7
Clear maciive-stale 3atup time. taatyo 1 251 ns
Opearatmg Weeur tsmpe-ature, TA| — 5 125] o o[ ¢ 1A CLEAH \JOA CGs / ¢ 100, ownD
electrical characteristics over recommended operating OUTPUTS

positive logic: High input 10 clear resets at! four

MeN TYPS MAX |UNIT outouts low
Vi Hgh-level mout voitage 2 v e -

Vi Lowslevel mput voltage o8 v Function Table Functional Block Diagram
Vi Fput camp voltage VOC=MIN,  he - 13ma ~1.5| v . oureur
. VCCmMN. V=2V, COUNT SEQUEMCE Oa .

Vom  Maieve! avour voruge Vg =0.0V. ign= -400.a T v (EACH COUNTER) weyra AL L o
VoL  Low-kve! outbut voltage :ic :Mx' :’:‘:‘:A 035 05| ma coluT OUTPUT cotan
0.0V, - LEA
Input corcent st [ Cledr | VCC=MAX, Vi=7V 0 ~ (T_D OLc QLB QLA
Iy manmym input Input A 02] A “
vo'tage Tnowt B | "CCTMAX. Vi=$ sV [ | L L L H p |l cuTRst
=1 Ciear 20 2 L LHL Wy oy
Ui High-level mput current | A vocoMax, Vi=lav, 100 | mA 3 LLHH
8 100
ow — T 4 L HLL citan
WL Low-devel mput current | A VEgeMAX, V=2 WV TG EN S |LHLH
[ i -4 6 L HHL oc ettt outrut
10§ Short-ceowt outiut crente | Vo wMAX ! Shst k1 L N 7 |LHHH Q¢
[ SN -2 - 160 g8 lHLLL \$
IoC  Swoly ewrrent Vee=MAX, “See Note | 15 2| ma 9 HLLH
. cLean
imax  !from A to output Op Voo - SV, : % kL] Luu 10 HLHL
PLH  fom A to output O Ta 25T, «,___-2__231“;: i H L HH worivn
1eHL, o & o1 (A EN 12 |HHLL bl
PLE | tm & 10 outpu O L 0w 13 {HHLH 3
Pt Op Ry : 2ad TR T ™
PHL L 0. 14 H HHL
% from Clear to A il .24 . CLEAR
PuL_| from 0 Any output { 3. ™ '5 |H H H H cttan g o :Y—
Ut c

NOTE: ICC 13 measured with all oulpuls open both clear wnputs gicurded follomng momentary
connection 10 4 5V, and all othe inputs grounded :

'393 DUAL 4-8IT BINARY COUNTER

§ The acrow mdicates that the lalting edge of the Clock puse 18 vsed for reisrance
* fman count | Y pML®pr delay fima, g to-low-lovel output

tFor tonditions shown a3 MIN or MAX, vme the appropnate velue foadt under

P M propagation delay time, low«to-high. level output
§ The Oa outputs of the * 390 are tested ar 1oL * 16 mA plua the hmt value for Iy tor the B input. Thes permets drivng the B input whoe mantmmng fult tan ot capablity.

3 Al typical valuss are &t Voot SV, Tp 25T
® Not more than one output should be shorted at a time

operating

{
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DESCRIPTION — The SNE4LS/74LS882thru SNS4LS/74LS889 are
8-bit magnitude comparators. These device types are designed to
perform comparisons between two eight-bit binary or BCD words. All
device types provide P = O outputs and the LS682 thru LS687 have P>

3 outputs atso.

The LS682, 1LS684, LS686 and LSG8S are totem pole devices. The
1S883, 15685, LS687 and LS689 are open-collecior devices.

The L$882 and LS683 have 8 20 k0 putlup resistor on the Q inputs for
anailog o switch dste.

Tvre | FSTFST | oVl | conmaunanion | PUUYP
LS&-’—V;;' yoo no tosem-pole 3 _;v‘o ¥
_isea3 yos yeoo no open collector you
15884 you oo no totem-pote no
[8.1.0.1. yes ¥oa no open -collector no
LSese yes yes yes totem-pole no
LS6a? yot yes yos open coltector P
L5888 yes no yeos totem-pole no
LS889 yes no yos open collector no

174

SN54LS/741S682

thru

SN54LS/74L5689

8-BIT MAGNITUDE
COMPARATORS
LOW POWER SCHOTTXY
FUNCTION TABLE
INPUTS OUTPUTS
DAYA ENABLES
rpa |3.G1 |[o62 | Pva | P>
P=qQ L L L N
P>aQ L 8 H L
P<Q L L H ]
H H H M

= SNSALS/74L8682

THRU
SNE4LS/74L5686
mE l ‘ 2] Yec
LA Rz
oo[3 ] o
Pt a E"
af+] E]o-
nfs 'i_?]n
af? E]oc
ms 3] m
afs E]oa
Qe 110 "~

J Sufhx — Case 732-03 (Cerenwc)
N Suffix — Case 738-01 (Plastic)

CONNECTION DIAGRAMS

({TOP VIEW)
SNS4LS /7418088
SNB4LR/ 7418687

LY

FS‘G'E [2¢] veo
o [7] 73] &r
'OE 12] /=5
o (] ] a7
ﬂE [20] =
o [+] [19] =
uc[z f10] 0s
nE 11] ~
mE [14] o8
» [0 p‘
o3 (1] om
G0 {12 [13] re

N * re careegen

J Suffix - Case 758-01 (Cararmec)

N Suffix — Cose 724-02 (Mestic)

SNS4LS/ 7413088
SNBALS/ 74,8589
GE Va
w2 I
oo% o] a7
JO (7] »
aifs 16] 08
erfe 18] »e
ar{7 14] 08
n{e [13] 8
e [12] o8
awo [r0 [11] re

J Sutfin — Case 732-03 (Coramic)
N Sutfix -~ Case 738-01 (Plestic)






