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ABSTRACT

The purposc of this project is to build up a system for transferring analog signal
by using Pulse Code Modulation (PCM) and Frequency Modulation (FM) technique via
fiber-optic link. In this system [C ADC 0820 with quantizing and sampling function 1s
used to convert analog signal into digital signal. This digital signal goes into [C XR-2206
and modulated signal is converted into optical signal at and LED. This optical signal is
lanuched into a plastic optical fiber with a nhotodiode at another ¢id and clectrical
signal is obtained. With LMS565 (PLL) and IC DAC 0832 the electical signal is converted

into the original analog signal again. It has been found that system work),wcll.
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ATURES
jates with Standard, 1000 pm Core,
¥ plastic Fiber Cable
“gtemal Micro-lens for Efficient
.- Coupling
< pexpensive Plastic Connector
Housing
_fonnector-less Interface
hteference-free Transmission from
i Light-tight Housing
“simple Fiber Termination and

g;fExcellent Linearity
PPLICATIONS

& Household Appliances
3 Power Electronics

¥ Optical Networks

% Medical Instruments

& Automotive Electronics
1 Audio Systems

¥ Electronic Games

ESCRIPTION

he IF-E9Q1A and IF-E91B are the
-drared LEDs in Industrial Fiser Opiics’
- mily of low-cost, medium-frequency,
- hort-distance fiber optic emitters and
- Blectors. Each emilter and detector
ansists of a PVC housing, an intemal
_dive element such as an LED or

Shotodetector and a cinch nut to hold the

berin place. The PVC housing retains
fe active element and the cinch nut
#hule optimizing coupling between the

ctive element and the jacketed 1000 pm

flastic fiber.

Working with this family of fiber optics is
Smple: No special tools or training
tquired. Only a sham knife or razor
Yade is needed to temminate the plastic
ber. When the fiber is inserted in the

emitter or detector, tighten the cinch nut.

hereatfter, the fiber can be removed
Simply by loosening the nut.

Blue dot on package

1. Cathode EST A
Green dot on package

2. Anocda £918

Maximum Ratings (T x=25°C)
Operating and Storage
Temperature Range (T op,T STE)ildAes o AN -40°to 85° C
Junction Temperature (T ;)
Soldering Temperature
(2mm from case bottom) (T ) t<S8uoveee 240° C
Reverse Voltage (Vg)

Dr-rateAbive@eOia . (8300 (@ J) 1.33 mW/rC
IF-E91B
Forward Current, DC (Ig)..coceeve . 100 mA
Surge Curtent (Igsy) t<10 psec oo 2 A 2A
Characteristics (T 4=25°C)
Parameter Symbol | IF-E91A | IF-E91B | Unit
Peak Wavelength Apeak 950 880 nm
Spectral Bandwidth, 50% lyax | ax 40 80 nm
Output Power Coupled into o S 50 100 pwW
Plastic Fiber (1 mm core
diameter). Distance lens to
fiber <0.1 mm, 10 cm polished
fiber, =100 mA
Switching Times (10% to 90% to ty 1.0 Q.5 Hs
and 80% to 10%) (R =47 Q,
1F=1 0 mA)
Capacitance Co 25 | 25 pF
Forward Voltage (Ie=50 mA) Vq 1.5max | 1.7 max | V
Temperature Coefficient, *eeag | TC A 0.3 0.3 nm/K
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tgure 1. Normalized power launched versus
i forward current.
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ARUN
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¢ o | 2 Fiber termination instructions:
L R s
2 : ' I \ 1. Cut off the ends of the cable with a single-edge razor
2 © T T blade or sham knife. Try to obtain a precise 90-degree
§ - L 'lj § angle (square).
o d \ 2. Insert the fiber through the locking nut and into the
|- ‘ f\ \ connector until the core tin sezts against the intamal
L S VT : g : MiC10-ieNs.
(AT 5 Nl MY ———
750 800 850 500 950 1000 1050 3. Screw the connector locking nut down to a snug
L - Wavelength - om fit, locking the fiber in place.
gure 2. Typical spectral output versus wavelength. Figure 3. Cross-section of fiber optic device.
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7. DAENSOKMG ARD TOUERANCHG. PER ARSI
Y1454, 1982
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;'L';gates with Standard, 1000 pm Core,
“Fplastic Fiber Cable

ilemal Micro-lens for Efficient
“Coupling

‘pexpensive Plastic Connector

-3 Housing

iilonnector-less Interface
iInterference-free Transmission from
fﬁtjght-tight Housing :
V:simple Fiber Termination and

& Connection

%Excellent Linearity

{{PPLICATIONS

Household Appliances

§i:Power Electronics

F Optical Networks 1. Anode

#iMedical Instruments 2. Cathode

7! Automotive Electronics
{Augio Systems

Orange dot on package

4iElectronic Games Maximum Ratings (T 4=25°C)

o Operating and Storage

é’ESCRlPTION TelUpEiaiudAangs I Opisialidil e on BB . ... -5C% i 85°C
$ IF-D91 is the active pfdtodiode Junction Temperature () GORANNR 90 TAN B S ——— 85°C

ice in Industrial Fiber Optics' family ~~ S©\dering Temperature

&llow-cost, medium-frequency, short- (2mm from cgse oo into ) (W Bc ns xS hou SN0 TN N O 240°C
i-tance fiber ontic emitters and Power Dissipation (Por) T4=25°C

*Blectors. Each emitter and detector BE-ratetAbove 25°CLip L LNV %! . O B 8 . 1.33 mw/°C
{nsists of a PVC housing, an internal o 4

ptlive element such as an LED or Cherag{enstiey(1giss g)

?:g%detgctc;r. andTicir;?Cnﬁt to hold Parameter Symbol | Value Unit
:he fiber in place. The ousing ; A0

E;’;tains the active element and the cinch Maxnmum Photésensxtwny i . i

0t while optimizing coupling betwean Spectral Bandwidth {S=10% of SMmax) | AL 400-1300 | am

_Ahe active element and the jacketed Rise and Fall Times (10% to 90% te 5 ns

000 um plastic fiber. and 90% to 10%) (R =50Q,Vg=20V,

. A=850 nm

#'{orkmg with this family of fiber optics is TotalC ) it Cr 4 &
;dmple: No special tools or training Qi _8paciance =
k®quired. Only a sharp knife or razor ResporSMymereou nm R 24 P
,‘{:.Nade is needed to terminate the plastic @ 5ecom e e
-‘si’e}'. When the fiber is inserted in the Dark Current (Vg=30 volts, Eg=0) Io <60 nA
*‘:l@mltter or detector, tighten the cinch nut. Reverse Breakdown Voltage VierR 60 \Y

erealier, the fiber can be removed
Forward Voltage : Vi 1.2 M

~"3jmply by loosening the nut.
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Fiber termination instructions:

1. Cut off the ends of the cable
blade or sham knife. Try to
angle (square).

with a single-edge razor
obtain a precise 90-degree

2. Insert the fiber through the locking nut and into the
connector until the core tip seats against the intemal
micro-lens.

3. Screw the connector bocking nut down to a snug
fit, Iog:king the fiberin place.

Figure 3. Cross-section of fiber optic device.
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TLCO820A, TLCG8208, ADC08208, ADCO820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH" TECHNIQUES

02873, SEPTEMBER 1986 — REVISED FEBRUARY 1989

e Advanced LinCMOS™ Silicon-Gate
Technology

e 8-Bit Resolution
Ditferential Reference Inputs

Parallel Microprocessor Interface

Conversion and Access Time Over
Temperature Range
++irite-Read Mode . . . 1.18 us and 1.92 ps
Read Mode . . . 2.5 pus Max

@ No Extemal Clock or Oscillator Components
Required ‘

@ On-Chip Track-and-Hold
@ Low Power Consumption . . . 50 mW Typ
e Single 5-V Supply

e TLCO8208 is Direct Replacement for
National Semiconductor ADC08208/8C and
Analog Devices AD7820U/CIU:

TLCO820A is Direct Replacement for
National Semiconductor ADC0820C/CC and
Analog Devices AD7820K/BIT

description

The TLCO820A. TLC08208. ADC08208. and
ADCO820C are Advanced LinCMOS™ 8-bit
analog-to-digital converters each consisting of
two 4-bit *flash’* converters, a 4-bit digital-to-
analog ccaverter, @8 summing (error) amplifier.
control logic, and a resuit latch ciccuit. The
modified ““flash’" techrique allows low-power
integrated circuitry 10 complete an 8-bit
conversion in 1.18 ys over temperature. The on-
chip track-and-hold circuit has a 100 ns scmple
window and allows these devices 1o convert
continuous ar.alog signals having slew rates of
up to 100 mVigs without external sampling
components. TTL-compatible three-state output
drivers and two modes of operation allow
interfacing to a variety of microprocessors.
Detailed information on interfacing to Most
popular microprocessors is readily available from
the factory. -

The M-suffix devices are characterized for operation over the full mi
10 125°C. The I-suffix devices are characterized for operation from - 40 oC to 85°C. The C-suffix devices
are characterized for operation from 0°C to 70°C. See Available Options.

Advanced LnCMQOS is a trademark of Texas lastruments Incorporated.

ALL TYPES . .. OW OR N PACKAGE
TLCO820_M . .. J PACKAGE

PRODUCTION OATA documents contaia informatiea
cucreat o3 of publication date. Prodects canferm o
specifications per the terms of Texsx {nstruments
standard wacraaty. Preductioa precessing does set

i3

Texas
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{TOP VIEW)
antG ([ vee
wssroo{]2  9INC
o1 (3 18[JOFLW
02{Je 17[JO7 s8I
o3(s s[]o6
waroy(Je  s{JOS
mo0Ee (7 D4
RO (8 c3s
iNT (9 REF +
GNO REF -
7}
TLCOB20_M . .. FK PACKAGE E
TLC0820_ (. TLCO820_C . . . FN PACKAGE )
ADC0820 Cl. ADCO820 _C . .. FN PACKAGE e
(TOP VIEW) wn
5z @©
n o -~
] 29 o]
- O (SR}
oo <>z a
SR ap g s g W
~ R
02 (e 18] OFLw
03 [}s 11 (] 07 (mSB)
WR RDY {J6 16(] 06
MOOE [J 7 15 05
RO e a(]04
-
‘lr- o W
e 2 9wl O
C ow W
cc
«C  No nternat connection
litary temperature range of —55°C
Copyrgnt I 1986, Texas Instruments incorporated
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'LChBZOA, TLC08208, ADC08208, ADCO8
\dvaaced LinCMOS™ HIGH-SPEED 8-BIT A

20C
NALOG-TO-DIGITAL

-ONVERTERS USING MODIFIED “FLASH” TECHNIQUES

AVAILABLE OPTIONS

SYMBOUZATIONT OPERATING TOTAL
PACKAGE TEMPERATURE UNADJUSTED
DEVICE

SUFFIX RANGE ERROR
TLC0820AC OW. FN. N 0°C to 70°C =11S8
TLCO820Al DW. FN. N -40°C 10 85°C =11S8
TLCO820AM oW, FK. J. N -55°C 10 125°C =11S8
TLC08208C oW, FN. N 0°C to 70°C =z0.5 LS8
TLC08208! oW, FN, N -40°C to 85°C £0.5 LS8
TLC08208M Ow, FK, J. N -55°C 10 125°C =0.5Ls8
ADC08208C oW, FN, N 0°C 10 70°C =0.5LS8
ADC08208CI | OW, FN. N -40°C to0 85°C z0.5 LS8
ADC0820CC Ow, FN. N 0°C 10 70°C =11S8
ADC0820CC! | DW, FN. N —-40°C to 85°C =11S8

tin many instances, these {Cs may have both TLC0820 and ADC0820 labeling
on the package.

unctional block diagram

121 4-BIT FLASH
REFs . ANALOG-TO- { o 4 3
REF — DIGITAL o ——— OFLW
CONVERTER b
(4 MSBs) | ——— DO (LS8! j
a @ g,
QUTPUT 8
©o— 4.81T FIROR 02
DIGITAL- (51
TQ-ANALOG ago s DIGITAL
b < CONVERTER :;1‘:;2 | aa o, ouTPUTS
1
ast oo
4.81T FLASH (AL
ANALOG-TO- | 74
g —— DIGITAL | ——— 07 (MSB)
\ 4 _ | converTer .
(1
ARG 1N Y ” (4 LS8l {T
n
MODE
__ (61
WRIRDY G T:*“N";G @
(13
cs CONTROL
__ @
RO
|
0 TEXAS ‘tx‘i
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TLC0820A, TLC08208, ADCG8208, ADCOB20C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL

CONVERTERS USING MODIFIED “FLASH" TECH

NIQUES

PIN

DESCRIPTION
NAME NUMBER

ANLG IN 1 Analog input

3 13 Thes snput must e low wn order for RD o WR 10 be recognized bv the ADC.

00 2 Three-state gata outout. bit 1 1LS8)

01 3 Three-state data output. bit 2

02 4 Three-state data ouicJt. bit 3

03 S Three-state data oulput. bt 4

04 14 Three-state data output, bit S

05 15 Three-state data output. bt 6

06 16 Theee-state data output. it 7

D7 17 Three-state data output. bit 8 IMSB) 2

GNO 10 Grouna

iNT ] I the WRITE-READ mode, the mterrupt outout. INT. going fow indicates that the internal count-down delay time. v.
tgtinp- 'S COMolete and The data result 1s 10 (he output 1a1ch . tgqng 's typrcally 8OO ns starung alter the nsing I
eage of the WA :nput (see operating charactenstics and Figure 3). 1t RO goes low preor 10 the end of tgunu. a
iNT goes low gt tre end ol tgRig 2nd the converson resuits are avaiable sooner tsee Figure 2). iNT is ceset by the Z}:
«sing eage of enner RD or CS . ’

MODE 7 Mode setection inaut. 1115 nternally tiec 10 GNO tnrougn 3 50 wA current source. which acis ke 3 pull-gown S
12515100 a
READ mocce. Occurs when s 1noutl s low cC
WRITE READ mode Occurs when this inpul s nign

NC 19 No ntcrnal connection

OFtw 18 Normaily the OFUW output % 2 (0gical tgh However. il the anaiog 1nput 's figner than the VREF « - OFLwW
will he faw at the rod af canversion 1 Ean e ased 1o cascade 2 00 mace devices 10 unacave resaluton (9
o 10 bast

RD 8 tn lgwﬂ,',tﬁﬁiﬁlmmm the 3 state data outputs DO through D7 ace activated when RD goes
tow. RD can atso oe used (0 NCIcasc the conversion speed by reading data prioe to the end of tha nternal
conint down (etay e As 4 st the dat (aesfeend (0 the eatpat 1atch mlached alted (ne (ating edge of RD
11 the READ mode with €S Tow, the « 0nversan starty with AD yong tow RD also cnadics the three-statc
data outouts Loon comoletion of the converswon  The RDY autout gang «nto the high-impedance state and
iNT going fow naicates compietion of the conversion

REF " This input voitage is piaced on (he bottom of the resistoc taddee

REF - 12 Thes wnout voltage 1s placed on the t0p of :ne resistor lagder.

vee 20 Power supolv vitage

WR ROY 3 In ihe VWRITE READ mode with TS fove. the conversion is siatted on (ne laling cage of tne WR inout signal

The result of the €onver5:0n 1§ >{raDET 110 TNE _UtDUL 1ALCA {120 INE iNLerNal COuUNt-down deldy hime. tgtinty-

orovided tnat ihe AG npui doES NOT GO Iow DIOr 10 IIS ME Lyyngy 'S ADDOXIMately 800 ns

In the READ mode. RDY (a0 ooen dramn 0utDul! will go 10w alter (1 faling eage ¢ CS. and will g

Aign impecance $iatc when (re Convers.on s sironec .ata the output l4tch 1S used to simolly tne interface

10 3 MICTODIOCESSC! Svsicm

0 1nto he

Texas ’&?
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TLCO8Z0A, TLCO820B, ADCO8208, ADC0820C

Advanced LinCMOS™

HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL

CONVERTERS USING MODIFIED “FLASH" TECHNIQUES

absolute maximum ratings over operating free-air t

emperature range (unless otherwise noted)

“r--no TTTV gl

-192

POST OFFICE BOX 655012 * OALLAS. TEXAS 75265

TLC0820_1 | TLCO820_C
TLCO820__M UNIT
ADC0820__Cl | ADC0O820_C
Supply vottage, VcC (see Note 11 10 10 10 v
-0.2 10 -0.2 10 -0.2 10
Input voltage range. all inputs (see Note 1) vee~0.2 vee+0.2 Vee+0.2 v
-0.2tw0 -0.210 -0.2 10
Output voltage range, il outputs (see Note 1) vee+0.2 vee-0.2 Vee+0.2 v
Operating free-air temperature range -551t0 125 -40 to 85 0t 70 b o
“Storage temparature range 65t 150 | -6510 150 | -65 to 150 °C
Case temperature for 60 seconds: FK package 260 °C
Case for 10 ds: FN package 260 260 *°c
Lead temperature 1,6 mm (1/16 inchl from case 300 oc
{or 60 seconds: J package
Lead temperature 1.6 mm (1/16 inch} from case 260 260 260 oc
for 10 seconds: OW or N cackage
NOTE 1: All voltages are with respect 10 network ground terminal, pn 10.
recommended operating conditions
TLCO820 ! TLCO82C__C
TLC0820_M
ADC0820__C1 ADC0820_C uNIT
MIN  NOM  MAX MIN  NOM  MAX MIN  NOM  MAX
Supply vottage. VCC 4.5 S 8 4.5 S 8 4.5 S 8 Y
Analog wnput voitage -0.1 vee+0.1 | =01 vee+01 | -0.1 Vee-0.1 \
Positive reference voltage, VREF « VREF - vee | VReF- Vee | VReF - vee v
Negative reference voltage. VREF — GNO VRer-| GNO vges .| GNO VREF « \
High-level inpug Ve = 4.75 V| TS, WR/ROY. RD 2 2 2 v
voltage. Viy 105.25 V MOOE 3.5 a5 35
Low-level input] Vo = 4.75 V|TS. WR/RDY, RD 0.8 0.8 0.8 i
voltage. Vi 10 5.25V MOQDE 1.5 1.5 1.5
Oelay 10 next conve:sion. 4(NC)
(see Figures 1. 2. 3. and 41 = i ‘7 "
Delay time from WR to RD in write-read mode.
. 0.4 0.4 c4 us
tgwR (see Figure 21
Write-pulse duration in wate—ead mode. tywW 0% 50 6.5 £ 08 5 i
(see Figures 2, 3. and 4] |
Operating free-air temperature. Ta -85 125 -40 8s Q 701 °C
TEXAS +i3
INSTRUMENTS



TLCO0820A, TLCO8208, ADC08208, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MOOIFIED “FLASH" TECHNIQUES

electrical characteristics at specified operating free-air temperature, VCC = S V (unless otherwise noted)

PARAMETER TEST CONOITONS MIN  TYP!  MAX uNIT
v, =475V,
cc 160 vA Full range 2.4
IoH = - .
igh- A iNT. or OFLW v
VOH High-level output voltage ny D. . or OFL Vee - 475 V. "~ ful enge s
Ion = - 10 4A 25°C 4.6
W Any 0. OFLW. iNT, vee = 5.25 V. Full range 0.4 v
-t
OL Low:level oulput voltage or WRIROY 1oL = 1.6 mA 25°C 0.4
TS or RD Full range 0.005 1
— Full range 3
WRRDY 9
'™ High-level input current Vig = SV 25°C 0.1 0.3 A
Full range 200 £
MOOE
25*C S0 170
3. WRIRDY. RD. u
T8 Low-level input current Vi = 0 Full range -0.005 -1 A -
or MODE 9
Full range 3 ¢
Vo =5V A J s
Off-state (high-umpedance 25°C 0.1 03
10z Aay D or WR/RDY »A u
statel output current Full range -3
vo - 0
25°C -01 -03 £
CSatsv Full range 3 ¢
‘ . Vi =5V 25°C 03 . c
! nalog naut curreny TSatsv Full range 3 "
v, 0 25¢C -03
Any O, OFLW, INT, Full range 7
Vg = SV
or WA/ROY 25°C 8.4 14
sn ey O o OFCW fulligngel -l (6 A
1 ort-Circuit output current " or m.
Os U ulDu u Y 25 °C 5 2 Ty 2
vp - 0
b ] Full range -45
NT
25°C 53 -9
Full range 125 6
Reet Reference resistance (3]
25°C 14 23 5:3
) Sungi CS. WR'ROY Full range 15 i
rrent
CCj ook chire 3nd AC a1 0 V 25°C s 3|
. i Any digual £ S F
nout tan “
. out capacitance EolG 1N u'' range i ]
Co Qutout capacitance Aay gigual | Ful ringe 5 of
TAll tyoical values are at T4 = 25°C.
TExas 43
2-19
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T-C08204, TLC0820B, ADC08208, ADCC820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH" TECHNIQUES

operating characteristics, VCC = 5V. VREF+ = 5 V. VREF— = 0. t¢ = tf = 20 ns, Tq = 25°C

(unless otherwise noted)

TLCO8208 TLCO820A
PARAMETER TEST CONDITIONS ADC08208 ADC0820C UNIT
MIN TYP MAX MIN TYP MAX
Suppl It
ksvs N Vee = 5V = 5%.Ta = MIN to MAX ERVIT- IS 173 =116 =14| LS8
sensitivity
Total unadjusted erroc | MODE pinat O V., T4 = MIN to MAX 12 1| Ls8
. Reead mode
teconvR MOOE pin at O V. See Figure 1 1.6 2:5 1.6 2.5 »s
conversion tume
Internal count- MODE pinat S V. Cy = 50 of.
td(inu : 800 1300 800 1300| ns
down delay time See Figures 3 and 4
1 L e, 1
tsR Access ume trom RD1 | MODE pun at O V. See Figure 1 comgg R oV fconeRi
-20 - 50 -20 -50
MQODE pinat 5 V. CL = 15 oF 190 280 130 280
t Access time from RD! | ¢ <t ¢ ns
aftl WA ydlint) CL = 100 of 210 320 210 320
See Figure 2
MODE pinat S V., CL = 15 pF 10 120 70 120
t Access ume from RD1 | ¢ >t
2R2 - PN CL = 100 of 30 150 s0 sof ™
See Figure 3
aINT Access time from INTi| MODE pu at S V. See Figure 4 20 SO 20 <0 ns
RL = 1 k. CL = 10 of.
t Oisable time from RD? 70 EL] 70 95
e ' ! See Figures 1, 2-3.7ana S ns
‘ Delay time from MOQODE pinat OV, Cg = SO of. 50 Yoo 0 100
dROY 7% 1o ROY! See figure 1 ns
. Defay time (rom Cg = 50 oF. Oy 225 125 225
dRll ROt w0 iNT? See Fgures 1. 2, and 3 i
Delay time from MOOE pinat S V. gWR < lgting-
t 3 0
dRIL AD! to iNTI SEeGigan 2 200 290 200 29 s
; Lelay uma (rom MODE pin at S V., o7y SO pr. 15 7 7 7
aWH - FR1 (o INT: See Fig.re 4 ( 270 178 2701 o3
Slew rate tracking o 1% 0 V.us

" Total unacjusted error includes offset. full-scale. and hinearity errors.

2-184
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TLCG820A, TLCO820B, ADC08208, ADCO820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH" TECHNIQUES

PARAMETER MEASUREMENT INFORMATION

| : }‘—H(NC)—O{
1
WRIROY Mm fXTERNAL PULL-UP
— H—'dﬂov — r—'dnm

i‘————‘uk——ﬁ —’{ tais

FIGURE 1. READ MODE WAVEFORMS (MODE PIN LOW)

tdint) l |
o7 == : ShYCE Edze =" £y -
R1—p M- ; GR2Z—{ je— —J
=18 ‘dul"—
FIGURE 2. WRITE-READ MODE WAVEFORMS FIGURE 3. WRITE-READ WAVEFOSIMS
[MODE PIN HIGH AND tgqwR < ta(iny)! [MODE PIN HIGH AND tqwR > td(int))
Cslow
RD LOW

i
v’v’t‘amovw U
—4' r—'awm rt—bl—‘dmcy
F—‘d(iml—i lﬂ—‘a(NT
DATA

FIGURE 4. WRITE-READ MODE WAVEFORMS
(STAND-ALONE OPERATION, MODE PIN HIGH., AND RD LOW)
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TLLO820A, TLCO8208B, ADC08208, ADC0O820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL

CONVERTERS USING MODIFIED “FLASH" TECHNIQUES

TLCO820
=

PARAMETER MEASUREMENT INFORMATION

vVee

ADCO0820
puT —| RD

(e
‘ GNI

On ouTPUT
0
c 31k
3

NI

Veg
TLC0820 4
OR
ADC0820
INPUT —— RD
T3 ouTPUT
i—__:
>

1 k!
On
[}
>——j CL

Dn = 00...07

TEST CIRCUIT

DATA

CL = 10 pF

‘1
vee — L' f—
- 1 £90%
RO {# 50%
1104
Eni Iwox

—! tgis l—

VoH !
DATA 90%
ouTPUTS
N — ————————

ty = 20 ns

DATA

te

C_ = 10 oF
—{ Y p—

v —aln
y <8 ] 0%
§° £ 0%
GND 10%

—{ tdis H—
|

vec¢ —————m8M8M8M88—
DATA :
QUTPUTS
vou 10%

- 20 n3

VOLTAGE WAVEFORMS

FIGURE 5. TEST CIRCUIT AND VOLTAGE WAVEFORMS
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TLCO820A, TLC08208, ADC08208, ADCOB20C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH" TECHNIQUES

PRINCIPLES OF OPERATION

The TLCO820A, TLCH8208, ADC08208 and ADC0820C each employ a combination of ‘‘sampled-data’’
comparator techniques and “‘flash’ techniques common to many high-speed converters. Two 4-bit “‘flash’”
analog-to-digital conversions are used to give a full 8-bit output.

The recommended analog input voltage range for conversionis —0.1 V to Vcc +0.1 V. Analog input signals
that are less than VRgr - + % LSB or greater than VRep+ — % LSB convert to 00000000 or 11111111
respectively. The reference inputs are fully differential with common-mode limits defined by the supply rails.
The reference input values define the full-scale range of the analog input. This allows the gain of the ADC to
be varied for ratiometric conversion by changing the VRgf + and VREF — voltages.

The device operates in two mades, read (only) and write-read, which are selected by the MODE pin (pin 7).
The converter is set to the read (only) mode when pin 7 is low. In the read mode, the WR/RDY pin is used
as an output and is referred to as the ‘‘ready’’ pin. In this mode, a low on the “‘ready’’ pin while CS is low
indicates that the device is busy. Conversion starts on the falling edge of RD and is completed no more than
2.5 us later when INT falis and the “‘ready’’ pin returns to a high-impedance state. Data outputs
also change from high-impedance to active states at this time. After the data is read. RD is taken high, INT
returns high, and the data outputs return to their high-impedance states.

The converter is set to the write-read mode when pin 7 is high and WR/RDY is referred to as the ““write’’ pin.
Taking CS and the ““write’’ pin low selects the converter and initiates measurement of the input signal.
Approximately 600 ns after the “‘write’* pin returns high, the conversion is completed. Conversion starts on
the rising edge of WR/RDY in the write-read mode.

The high-order 4-bit “*flash’” ADC measures the input by means of 16 comparators operating simultaneously.
A high precision 4-bit DAC then generates a discrete analog volitage from the result of that conversion. After
a time delay, a second bank of comparators does a3 low-arder conversion on the analog difference between
the input level and the high-order DAC output. The results from each of these conversions enter an 8-bit latch
and are output to the three-state buffers on the falling edge of RD.

%
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/N ...the analog plus company™

NN LT LT

FEATURES

® Low-Sine Wave Distortion, 0.5%, Typical

® Excellent Temperature Stability, 20ppm/°C, Typ.
® Wide Sweep Range, 2000:1, Typical

® Low-Supply Sensitivity, 0.01%V, Typ.

® Linear Amplitude Modulation

o TTL Compatible FSK Controls

® Wide Supply Range, 10V to 26V

o Adjustable Duty Cycle, 1% TO 99%

XR-2206

Monolithic
Function Generator

s

J\)uné 1957—3
APPLICATIONS

° Waveform Generation

e Sweep Generation

e AM/FM Generation

e \//F Conversion

e [FSK Generation

e Phase-Locked Loops (VCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of
high-stability and accuracy. The output waveforms canbe
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
externally over a range of 0.01Hz to more than 1MHz.

The circuit is ideally suited for communications,
instrumentation, and function generator applications
requiring sinusoidal tone, AM, FM, or FSK generation. It
has a typical drift specification of 20ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequency
range with an external control voltage, while maintaining
low distortion.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 Lead 300 Mil PDIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil PDIP 0°C to +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C

AR £ L7 M7 LT LTLT L TET

©197
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XR-2206

AR YT

Vee

®

Timing

GND BIAS

® ©

— 1ot O——
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Capacitor

L T02<:>——— <

..||_ZL
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Timing r

Resistors Current
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FSKI @——
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SYMAT1 @
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Figure 1. XR-2206 Block Diagram
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XR-2206

AMSI ; o 7 [16] symaz AMSI —H= ~ - syma2
sto [2] 15] SYMAT sTo |2 sl SYMAT
MO L3 4] WAVEA2 Mo =3 1l wAVEA2
Vee L4l 13| WAVEA1 Voo EH| 4 13| WAVEAT
TC1 L8 12l GND 11 =fs |E GND
TC2 |6} 11 SYNCO Tc2 E|s 11| SYNCO
TR1 [Z] [10] BIAS TR1 =17 10| BIAS
TR2 |8 9 | FSKI TR2 —l|s 9 || FSKI
16 Le 1 DIP (0.300” »
6 Lead PDIP. 9EJF10.3003) 16 Lead SOIC (Jedec, 0.300”)
PIN DESCRIPTION
Pin # Symbol Type | Description

1 AMSI | Amplitude Modulating Signal Input.

2 STO O Sine or Triangle Wave Output.

3 MO (0] Multiplier Output.

4 Vce Positive Power Supply.

5 TCA | Timing Capacitor Input.

6 TC2 | Timing Capacitor Input.

7 TR1 (0] Timing Resistor 1 OQutput.

8 TR2 (0] Timing Resistor 2 Output.

9 FSKI | Frequency Shift Keying Input.

10 BIAS O Internal Voltage Reference.

11 SYNCO O Sync Output. This output is a open collector and needs a pull up resistor to V.

12 GND Ground pin.

13 WAVEA1 | Wave Form Adjust Input 1.

14 WAVEA2 | Wave Form Adjust Input 2.

15 SYMA1 | Wave Symetry Adjust 1.

16 SYMA2 | Wave Symetry Adjust 2.

3
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XR-2206

Yy i e

DC ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 2 Vec = 12V, Ty = 25°C, C = 0.01pF, Ry = 100k, Ry = 10k, R3 = 25kQ2
Unless Otherwise Specified. S¢ open for triangle, closed for sine wave.

7 EXAR

| XR-2206M/P XR-2206CP/D
| Parameters Min. | Typ. | Max. | Min. I Typ. I Max. | Units |Conditions
General Characteristics
Single Supply Voltage 10 26 10 26 Vv
Split-Supply Voltage +5 +13 +5 +13 \Y
Supply Current 12 17 14 20 mA Ri > 10kQ
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz | C =1000pF, Ry =1kQ
Lowest Practical Frequency 0.01 0.01 Hz C =50uF, Rq=2MQ
Frequency Accuracy +1 +4 +2 % of fg |fo =1/R4C
Temperature Stability +10 +50 +20 ppm/°C | 0°C < Tp < 70°C
Frequency R1 = Ro = 20kQ
Sine Wave Amplitude Stability? 4800 4800 ppm/°C
Supply Sensitivity 0.01 0.1 0.01 %N | Viow = 10V, Vyigy = 20V,
R1=Ro=20kQ
Sweep Range 1000:1 | 2000:1 2000:1 fu=fL |fy @ Ry =1kQ
fL @ Ry = 2MQ
Sweep Linearity
10:1 Sweep 2 Y% fL = 1kHz, fy = 10kHz
1000:1 Sweep 8 Y% f_ = 100Hz, fy = 100kHz
FM Distortion 0.1 0.1 Yo +10% Deviation
Recommended Timing Components
| Timing Capacitor: C 0.001 100 | 0.001 100 uF Figure 5
Timing Resistors: Ry & Ro 1 2000 1 2000 kQ
Triangle Sine Wave Output! Figure 3
Triangle Amplitude 150 16C mV/kQ | Figure 2, S; Open
Sine Wave Amplitude 40 60 80 60 mV/kQ | Figure 2, S¢ Closed
Max. Output Swing 6 6 Vp-p
Output Impedance 600 600 Q
Triangle Linearity 1 1 %
Amplitude Stability 05 0.5 dB For 1000:1 Sweep
Sine Wave Distortion
Without Adjustment 25 25 Y% R =30kQ
With Adjustment 04 1.0 0.5 15 % See Figure 7 and Figure 8

Notes

T Output amplitude is directly proportional to the resistance, Rs, on Pin 3. See Figure 3.

2 For maximum amplitude stability, Ry should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.
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DC ELECTRICAL CHARACTERISTICS (CONT’D)

XR-2206

XR-2206M/P XR-2206CP/D

Parameters Min. l Typ. | Max. | Min. I Typ. l Max. | Units |Conditions
Amplitude Modulation

Input Impedance 50 100 100 kQ

Modulation Range 100 100 %o

Carrier Suppression 55 55 dB

Linearity 2 2 % For 95% modulation
Square-Wave Output

Amplitude 12 12 Vp-p | Measured at Pin. 11.
Rise Time 250 250 ns C_ =10pF

Fall Time 50 50 ns CL = 10pF
Saturation Voltage 0.2 0.4 0.2 0.6 Vv IL=2mA

Leakage Current 01 20 0.1 100 nA Voo =26V

FSK Keying Level (Pin 9) 0.8 14 2.4 1.4 2.4 \ See section on circuit controls
Reference Bypass Voltage 2.9 3.1 3.3 3 3.5 \Y Measured at Pin 10.
Notes

! Output amplitude is directly proportional to the resistance, Rs3, on Pin 3. See Figure 3.
2 For maximum amplitude stability, Ry should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Power Supply . ...ooovvvini i Sy 26V
Power Dissipation ....................... 750mwW
Derate Above 25°C ...................... 5mW/°C

Total Timing Current ........................ 6mMA
Storage Temperature ............ -65°C to +150°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set of
current switches.

The VCO produces an output frequency proportional to
an input current, which is set by a resistor from the timing

V. ) i s

terminals to ground. With two timing pins, two discrete
output frequencies can be independently produced for
FSK generation applications by using the FSK input
control pin. This input controls the current switches which
select one of the timing resistor currents, and routes it to
the VCO.

oM
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Figure 12. Circuit for Sine Wave Generation with Minimum Harmonic Distortion.
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Figure 14. Circuit for Pulse and Ramp Generation.

Frequency-Shift Keying

The XR-2206 can be operated with two separate timing
resistors, R and Ry, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 13. Depending on the
polarity of the logic signal at Pin 9, either one or the other
of these iiming resistors is activated. If Pin 9 is
open-circuited or connected to a bias voltage = 2V, only
Ry is activated. Similarly, if the voltage level at Pin 9 is
<1V, only Ry is activated. Thus, the output frequency can
be keyed between two levels. f; and fp, as:

fy = 1/R4C and fp = 1/RoC

For split-supply operation, the keying voltage at Pin 9 is
referenced to V.

Output DC Level Control

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figure 11, Figure 12and
Figure 13, Pin 3 is biased midway between V+ and
ground, to give an output dc level of ~ V*/2.

10

APPLICATIONS INFORMATION
Sine Wave Generation

Without External Adjustment

Figure 11 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
Ry at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V+2, and the
typical distortion (THD) is < 2.5%. If lower sine wave
distortion is desired, additional adjustments can be
provided as described in the following section.

The circuit of Figure 77 can be converted to split-supply
operation, simply by replacing all ground connections
with V-. For split-supply operation, Rz can be directly
connected to ground.

TEM
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With External Adjustment:

The harmonic content of sinusoidal output can be
reduced to -0.5% by additional adjustments as shown in
Figure 12. The potentiometer, Rj,, adjusts the
sine-shaping resistor, and Rg provides the fine
adjustment for the waveform symmetry. The adjustment
procedure is as follows:

1. Set Rg at midpoint and adjust R for minimum
distortion.

2. With Ry set as above, adjust Rg to further reduce
distortion.

Triangle Wave Generation

The circuits of Figure 77 and Figure 72can be converted
to triangle wave generation, by simply open-circuiting Pin
13 and 14 (i.e., Sy open). Amplitude of the triangle is
approximately twice the sine wave output.

FSK Generation

Figure 13shows the circuit connection for sinusoidal FSK
signal operation. Mark and space frequencies can be
independently adjusted by the choice of timing resistors,
R1 and Rp; the output is phase-continuous during
transitions. The keying signal is applied to Pin 9. The
circuit can be converted to split-supply operation by
simply replacing ground with V-.

Pulse and Ramp Generation

Figure 74 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying
terminal (Pin 9) is shorted to the square-wave output (Pin
11), and the circuit automatically frequency-shift keys
itself between two separate frequencies during the
positive-going and negative-going output waveforms.
The pulse width and duty cycle can be adjusted from 1%
to 99% by the choice of Ry and Rs. The values of Ry and
Rz should be in the range of 1kQ to 2MQ.

PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operation:

The frequency of oscillation, f,, is determined by the
external timing capacitor, C, across Pin 5 and 6, and by
the timing resistor, R, connected to either Pin 7 or 8. The
frequency is given as:

_ 1
b= g H2

and can be adjusted by varying either R or C. The
recommended values of R, for a given frequency range,
as shown in Figure 5. Temperature stability is optimum
for4kQ < R <200kQ. Recommended values of C are from
1000pF to 100uF.

Frequency Sweep and Modulation:

Frequency of oscillation is proportional to the total timing
current, I, drawn from Pin 7 or 8:

320/,(mA)

'\ C&D

Hz

Timing terminals (Pin 7 or 8) are low-impedance points,
and are internally biased at +3V, with respect to Pin 12.
Frequency varies linearly with IT, over a wide range of
current values, frorm 1uA to 3mA. The frequency can be
controlled by applying a control voltage, Vg, to the
activated timing pinas shown in Figure 70.Tha frequency
of oscillation is related to VC as:

1 Al _Ye
f= HC<1+HC(1 3))Hz

where V¢ is involts. The voltage-to-frequency conversion
gain, K, is given as:

0.32
R.C

K= oflaV, = - Hz/V

CAUTION: For safety operation of the circuit, Ir should be
limited to << 3mA.
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OQutput Amplitude:

Maximum output amplitude is inversely proportional to
the external resistor, Rs, connected to Pin 3 (see
Figure 3. For sine wave output, amplitude is
approximately 60mV peak per kQ of Rg; for triangle, the
peak amplitude is approximately 160mV peak per k<2 of
Rsz. Thus, for example, Rz = 50kQ would produce
approximately 13V sinusoidal output amplitude.

Amplitude Modulation:

Output amplitude can be modulated by applying a dc bias
and a modulating signal to Pin 1. The internal impedance

15V2 5

72 EXAR

at Pin 1 is approximately 100kQ. Output amplitude varies
linearly with the applied voltage at Pin 1, for values of dc
bias at this pin, within 14 volts of Vgc/2 as shown in
Figure 6. As this bias level approaches Vgc/2, the phase
of the output signal is reversed, and the amplitude goes
through zero. This propenrty is suitable for phase-shift
keying and suppressed-carrier AM generation. Total
dynamic range of amplitude modulation is approximately
55dB.

CAUTION: AM control must be used in conjunction with a
well-regulated supply, since the output amplitude now becomes
a function of V.

14 166 13

Ve 1 32
[: ® ® @ ® R @ ® ® ®®
< ¥ J
SRl I Tl j
K [ g
./ Vee
8¢‘ pxl E Q
=) v i
Vee =

Figure 15. Equivalent Schematic Diagram
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,

please contact the National

Semiconductor Sales

Office/Distributors for availability and specifications.

Operating Temperature Range
LM565H
LM565CN

—-55°Cto +125°C
0°Cto +70°C

Supply Voltage +12Vv Storage Temperature Range —65°Cto +150°C

Power Dissipation (Note 1) 1400 mW Lead Temperature (Soldering, 10 sec.) 260°C

Differential Input Voltage +1V

Electrical Characteristics Ac TestGircuit, T = 25°C, Vgg = +6V

Parameter Conditions Linbas i Units
Min Typ Max Min Typ Max
Power Supply Current 8.0 12,6 8.0 125 mA
Input Impedance (Pins 2, 3) —4V < Vp, V3 <0V 7 10 5 kQ
;’Saguhg:z;m“m Opsrting o = 2TEE 300 | 500 250 | 500 kHz
VCO Free-Running Cor= 166 nF
Frequency Ro = 20 kQ -10 0 +10 —-30 0 +30 %
fo = 10kHz

sl A el Y, X il
gLqu‘:j'\’/ztg;: i 0.1 1.0 0.2 15 %IV
Triangle Wave Output Voltage 2 2.4 3 y:! 2.4 3 Vp-p
Triangle Wave Output Linearity 0.2 0.5 %
Square Wave Output Level 4.7 5.4 4.7 54 Vpp
Output Impedance (Pin 4) 5 9 kQ
Square Wave Duty Cycle 45 50 55 40 50 60 %
Square Wave Rise Time 20 20 ns
Square Wave Fall Time 50 50 ns
Output Current Sink (Pin 4) 0.6 1 0.6 1 mA
VCO Sensitivity fo = 10 kHz 6600 6600 Hz/V
5::;))dulated Output Voltage +10% Frequency Deviation 250 300 400 200 300 450 MVpop
Total Harmonic Distortion +10% Frequency Deviation 0.2 0.75 0.2 1.5 %
Output Impedance (Pin 7) 35 3.5 kQ
DC Level (Pin7) 4.25 4.5 4.75 4.0 45 5.0 \%
ﬁ/‘;t‘ftv(;rse' Valitaga 30 | 100 50 | 200 mv
Temperature Drift of V7 — Vg| 500 500 pv/°C
AM Rejection 30 40 40 dB
Phase Detector Sensitivity Kp .68 .68 V/radian

Note 1: The maximum junction temperature of the LM565 and LM565C is + 150°C. For operation at elevated temperatures, devices in the TO-5 package must be
derated based on a thermal resistance of +150°C/W junction to ambient or +45°C/W junction to case. Thermal resistance of the dual-in-line package is

+85°C/W.




Typical Performance Characteristics
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AC Test Circuit

6V
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outeur &
INPUT
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MODULATED
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V, - V)
DEMODULATED
ouTPUT

10uF \L
=i o
-4V SQOUARE WAVE
ouTpuT
TL/H/7853-5
Note: S¢ open for output offset voltage (V7 — Vg) measurement.

Typical Applications

2400 Hz Synchronous AM Demodulator
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Typical Applications (continued)

FSK Demodulator (2025-2225 cps)

+12V
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FSK Demodulator with DC Restoration
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Typical Applications (continued)

Frequency Multiplier (< 10)
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Applications Information
In designing with phase locked loops such as the LM565,
the important parameters of interest are:
FREE RUNNING FREQUENCY
03

= ReCo
LOOP GAIN: relates the amount of phase change between
the input signal and the VCO signal for a shift in input signal
frequency (assuming the loop remains in lock). In servo the-
ory, this is called the “velocity error coefficient.”

1
B in = KoKp | —
oop gai oKp (sec)

radians/ sec)
volt

Ko = oscillator sensitivity (

e volts
Kp = phase detector sensitivity -
radian

The loop gain of the LM565 is dependent on supply voltage,
and may be found from:

fo = VCO frequency in Hz
V¢ = total supply voltage to circuit

Loop gain may be reduced by connecting a resistor be-
tween pins 6 and 7; this reduces the load impedance on the
output amplifier and hence the loop gain.

HOLD IN RANGE: the range of frequencies that the loop will
remain in lock after initially being locked.

4810
Ve
fo = free running frequency of VCO
V¢ = total supply voltage to the circuit
THE LOOP FILTER

In almost all applications, it will be desirable to filter the
signal at the output of the phase detector (pin 7); this filter
may take one of two forms:

fq =

Simple Lag Filter

*Vee

TL/H/7853-11

WVee

TL/H/7853-12

A simple lag filter may be used for wide closed loop band-
width applications such as modulation following where the
frequency deviation of the carrier is fairly high (greater than
10%), or where wideband modulating signals must be fol-
lowed.

The natural bandwidth of the closed loop response may be

found from:
1 Ko Kp
fn =4 [—
2m R1C1

Associated with this is a damping factor:

1 1
6 =- V. ——
2 VR{C1KoKp

For narrow band applications where a narrow noise band-
width is desired, such as applications involving tracking a
slowly varying carrier, a lead lag filter should be used. In
general, if 1/R1C¢ < Kq Kp, the damping factor for the loop
becomes quite small resulting in large overshoot and possi-
ble instability in the transient response of the loop. In this
case, the natural frequency of the loop may be found from

1 [KKp
fr = —  [—2——
2 N71 + 72
71 + 72 = (R1 +R2) Cq
Ry is selected to produce a desired damping factor 8, usual-

ly between 0.5 and 1.0. The damping factor is found from
the approximation:

& = 7 7ofy
These two equations are plotted for convenience.

Filter Time Constant vs Natural Frequency
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Capacitor C, should be much smaller than Cy since its func-
tion is to provide filtering of carrier. In general C, < 0.1 Cy.
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LM565/LM565C Phase Locked Loop

Physical Dimensi
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DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPRCVAL OF THE PRESIDENT CF NATIONAL
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2. A critical component is any component of a life
support device or system whose failure to perform can
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DAC0830/DAC0832

General Description

The DAC0830 is an advanced CMOS/Si-Cr 8-bit multiplying
DAC designed to interface directly with the 8080, 8048,
8085, Z80%, and other popular microprocessors. A deposited
silicon-chromium R-2R resistor ladder network divides the
reference current and provides the circuit with excellent tem-
perature tracking characteristics (0.05% of Full Scale Range
maximum linearity error over temperature). The circuit uses
CMOS current switches and control logic to achieve low
power consumption and low output leakage current errors.
Special circuitry provides TTL logic input voltage level com-
patibility.

Double buffering allows these DACs to output a voltage cor-
responding to one digital word while holding the next digital
word. This permits the simultaneous updating of any number
of DACs.

The DAC0830 series are the 8-bit members of a family of
microprocessor-compatible DACs (MICRO-DAC™).

May 1999

National Semiconductor

8-Bit uP Compatible, Double-Buffered D to A Converters

Features

m Double-buffered, single-buffered or flow-through digital
data inputs

m Easy interchange and pin-compatible with 12-bit
DAC1230 series

m Dject interface to all popular microprocessors

a Linearity specified with zero and full scale adjust
only—NOT BEST STRAIGHT LINE FIT.

= Works with £10V reference-full 4-quadrant multiplication

= Can be used in the voltage switching mode

m Logic inputs which meet TTL voltage level specs (1.4V
logic threshold)

m Operates “STAND ALONE" (without pP) if desired

m Available in 20-pin small-outline or molded chip carrier
package

Key Specifications

Current settling time: 1 ps

Resolution: 8 bits

Linearity: 8, 9, or 10 bits (guaranteed over temp.)
Gain Tempco: 0.0002% FS/°'C

Low power dissipation: 20 mW

Single power supply: 5to 15 Ve

Typical Application

~ CONTROL BUS

T3
WA
e
L +Vee (+15V0e)
XFER
M ————l
1
c i Q0 [res :
R 171918 2 1 20 9 ouT 1
0 1
\aI =)ATA BUSZ 0A b—o vour
s 12 lout2
8 310 l >
L}, 8080 BUS +Vage
DS005608-1
BI-FET™ and MICRO-DAC™ are of National i Corp
280° is a regi: of Zilog C
© 1999 National Semiconductor Corporation DS005608 www.national.co
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Absolute Maximum Ratings (Notes 1, 2)

Lead Temperature (Soldering, 10 sec.)

If Military/Aerospace specified devices are required, Dual-In-Line Package (plastic) 260°C
please contact the National Semiconductor Sales Office/ Dual-In-Line Package (ceramic) 300°C
Distributors for availability and specifications. Surface Mount Package
Supply Voltage (VCC) 17 Vpe Vapor Phase (60 sec.) 215°C
Voltage at Any Digital Input V¢ to GND Infrared (15 sec.) 220°C
Voltage at Vger Input +25V & age
Storai;e Temperature Range -65°C to +150°C Operatlng Conditions
Package Dissipation Temperature Range TrinSTa<Tmax
at T,=25"C (Note 3) 500 mW Part numbers with “LCN" suffix 0°C to +70°C
DC Voltage Applied to Part numbers with “LCWM” suffix 0°C to +70°C
louts Of lourz (Note 4) -100 mV to Ve Part numbers with “LCV" suffix 0°'Cto +70°C
ESD Susceptability (Note 4) 800V Part numbers with “LCJ" suffix —40°C to +85°C
Part numbers with “LJ" suffix -55'C to +125°C
Voltage at Any Digital Input Ve to GND
Electrical Characteristics
¥Rezzjg.000 Vpc unless otherwise noted. Boldface limits apply over temperature, Ty n<Ta<Tyax. For all other limits
A= 4
= %
veesgmeVe | el Vo=
Parameter Conditions Sge to 15 Voc 5% Limit
Note T Tested Design Units
yP Limit Limit
(Note 12)
(Note 5) (Note 6)
CONVERTER CHARACTERISTICS
Resolution 8 8 8 bits
Linearity Error Max Zero and full scale adjusted 4,8
~10VsVgges+10V
DAC0830LJ & LCJ 0.05 0.05 % FSR
DAC0832LJ & LCJ 0.2 0.2 % FSR
DACO0830LCN, LCWM & 0.05 0.05 % FSR
LCcv
DACO0831LCN 0.1 0.1 % FSR
DACO0832LCN, LCWM & 0.2 0.2 % FSR
Lcv
Differential Nonlinearity Zero and full scale adjusted 4,8
Max —10V<Vggrs+10V
DACO0830LJ & LCJ 0.1 0.1 % FSR
DAC0832LJ & LCJ 0.4 0.4 % FSR
DACO0830LCN, LCWM & 0.1 0.1 % FSR
LCcv
DAC0831LCN u.2 0.2 % FSR
DACO0832LCN, LCWM & 0.4 04 % FSR
LCv
Monotonicity -10V<Vger LJ&LCJ 4 8 8 bits
<+10V LCN, LCWM & LCV 8 8 bits
Gain Error Max Using Internal Ry, 7 +0.2 +1 +1 % FS
—10V<Vpges+10V
Gain Error Tempco Max Using internal Ry, 0.0002 0.0006 %
FS/Ic
Power Supply Rejection All digital inputs latched high
Vec=14.5V to 15.5V 0.0002 0.0025 %
11.5V to 12.5V 0.0006 FSRV
4.5V to 5.5V 0.013 0.015
Reference Max 15 20 20 kQ
Input Min 15 10 10 kQ
Output Feedthrough Error Xﬁ‘%::éq Vp-p, =100 kHz 3 mVp-p
inputs latched low
3 www.national.com



Electrical Characteristics (continued)

Vrer=10.000 Ve unless otherwise noted. Boldface limits apply over temperature, Ty n<Ta<Tyax- For all other limit

Ta=25°C
Vee _= 4.75 Vpc \)/cccc:fz‘(/n:;f;ﬁz
; See Vee = 15.75 Voc to 15 Vpe 5%
Parameter Conditions Note
Typ Tested De.sign
(Note 12) Limit Limit
(Note 5) (Note 6)
CONVERTER CHARACTERISTICS
Output Leakage louTtt All data inputs ~ LJ & LCJ 10 100 100
Cunent Max latched low  LCN, LCWM & LCV 50 100
lout2 All data inputs  LJ & LCJ 100 100
latched high LCN, LCWM & LCV 50 100
Output louTs All data inputs 45
Capacitance lout2 latched low 115
louT1 All data inputs 130
lout2 latched high 30
DIGITAL AND DC CHARACTERISTICS
Digital Input Max Logic Low LJ: 4.75V 0.6
Voltages LJ: 15.75V 0.8
LCJ: 4.75V 0.7
LCJ: 1575V 0.8
LCN, LCWM, LCV 0.95 0.8
Min Logic High LJ&LCJ 2.0 2.0
LCN, LCWM, LCV 1.9 2.0
Digital Input Max Digital inputs <0.8V
Currents LJ & LCJ -50 -200 -200
LCN, LCWM, LCV -160 -200
Digital inputs>2.0V
LJ&LCJ 0.1 +10 +10
LCN, LCWM, LCV +8 +10
Supply Current Max LJ & LCJ 1.2 3.5 3.5
Drain LCN, LCWM, LCV 1.7 2.0

Electrical Characteristics

VRE,:=]0.OOO Vpe unless otherwise noted. Boldface limits apply over temperature, Ty n<Ta<Tmax- For all other limit:

Ta=25C
n Vee=15.75 Vpe Vtgcf 51 3/:52’?? Vee=4.75 Vpc V‘l’;ngk
Symbol Parameter Conditions Note Typ Testgd Design Limit Ty Tested Design
(Note 12) |, Limit (Note 6) (Note 12) | Limit Limit
(Note 5) (Note 5) (Note 6)
AC CHARACTERISTICS
ts Current Setting Vi =0V, Viy=5V 1.0 1.0
Time
tw Write and XFER Vi =0V, V;y=5V 1" 100 250 375 600
Pulse Width Min 320 320 900 900
tos Data Setup Time Vi =0V, Viy=5v 9 100 250 375 600
Min 320 320 900 900
ton Data Hold Time Vi =0V, Viu=5vV 9 30 50
Min 30 50
tcs Control Setup Time | V=0V, V|y=5V 9 110 250 600 900
Min 320 320 1100 1100
ton Control Hold Time Vi =0V, Viy=5V 9 0 0 10 0 0
Min 0 0

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

Note 2: All voltages are measured with respect to GND, unless otherwise specified.

www.national.com



Electrical Characteristics (continued)

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. 84, and the ambient temperature, Ta. The maximum
allowable power dissipation at any temperature is Pp = (Tjyax - TAa)8,a or the number given in the Absolute Maximum Ratings, whichever is lower. For this device,
Tymax = 125°C (plastic) or 150°C (ceramic), and the typical junction-to-ambient thermal resistance of the J package when board mounted is 80°C/W. For the N pack-
age, this number increases to 100°C/W and for the V package this number is 120°C/W.

Note 4: For current switching applications, both loyt¢ and lout2 must go to ground or the “Virtual Ground” of an operational amplifier. The linearity error is degraded
by approximately Vog + Vgeg. For example, if VRgr = 10V then a 1 mV offset, Vos. on loyTy or loyrz will introduce an additional 0.01% linearity error.

Note 5: Tested limits are guaranteed to National's AOQL (Average Outgoing Quality Level).
Note 6: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels.
Note 7: Guaranteed at Vrgr=+10 Vpc and Vggr=%1 Vpc.

Note 8: The unit “FSR" stands for “Full Scale Range.” “Linearity Error" and “Power Supply Rejection” specs are based on this unit to eliminate dependence on a par-
ticular Vger value and to indicate the true performance of the part. The “Linearity Error” specification of the DAC0830 is “0.05% of FSR (MAX)". This guarantees that
after performing a zero and full scale adjustment (see Sections 2.5 and 2.6), the plot of the 256 analog voltage outputs will each be within 0.05%xVger of a straight
line which passes through zero and full scale.

Note 9: Boldface tested limits apply to the LJ and LCJ suffix parts only.

Note 10: A 100nA leakage current with Ry,=20k and Vggg=10V corresponds to a zero error of (100x10‘9x20x103)x100/10 which is 0.02% of FS.
Note 11: The entire write pulse must occur within the valid data interval for the specified ty, tps. tpH. and tg to apply.

Note 12: Typicals are at 25°C and represent most likely parametric norm.

Note 13: Human body model, 100 pF discharged through a 1.5 kQ resistor.

Switching Waveform

los————— =1y
Vin
ILE, TS, 50% 50%
Vie
ty———>]
Vin é_—
WR 50% 50%
Vie

Vin
DATA RITS

VALIN NACN NATA

DS005608-2
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Definition of Package Pinouts

Control Signals (All control signals level actuated)

CS:  Chip Select (active_low). The TS in combination
with ILE will enable WR;.

ILE: Input Latch Enable (active high). The ILE in combi-
nation with CS enables WR,.

WR,: Write 1. The active low WR, is used to load the digi-
tal input data bits (DI) into the input latch. The data
in the input latch is latched when WR, is high. To
update the input latch-CS and WR, must be low
while ILE is high.

WR,: Write 2 (active low). This signal, in combination with
XFER, causes the 8-bit data which is available in
the input latch to transfer to the DAC register.

XFER: Transfer control signal (active low). The XFER will
enable WR,.

Other Pin Functions
DI,-DI,: Digital Inputs. DI, is the least significant bit (LSB)
and DI, is the most significant bit (MSB).

louT: DAC Current Output 1. Iyt is @ maximum for a
digital code of all 1's in the DAC register, and is
zero for all O's in DAC register.

louTta2: DAC Current Output 2. |51, is @ constant minus
louTt » OF lout: + louT2 = constant (1 full scale for
a fixed reference voltage).

Ryt Feedback Resistor. The feedback resistor is pro-

Linearity Error

ACTUAL

: LSB ERROR

ANALOG OUTPUT
ANALOG OUTPUT

IDEAL RESPONSE

DIGITAL INPUT

DS005608-23

a) End point test after
zero and fs adj.

Definition of Terms

Resolution: Resolution is directly related to the number of
switches or bits within the DAC. For example, the DAC0830
has 28 or 256 steps and therefore has 8-bit resolution.

Linearity Error: Linearity Error is the maximum deviation
from a straight line passing through the endpoints of the
DAC transfer characteristic. It is measured after adjusting for
zero and full-scale. Linearity error is a parameter intrinsic to
the device and cannot be externally adjusted.

National's linearity “end point test” (a) and the “best straight
line” test (b,c) used by other suppliers are illustrated above.
The “end point test” greatly simplifies the adjustment proce-
dure by eliminating the need for multiple iterations of check-
ing the linearity and then adjusting full scale until the linearity
is met. The “end point test” guarantees that linearity is met
after a single full scale adjust. (One adjustment vs. multiple

ACTUAL

IDEAL RESPONSE

DIGITAL INPUT

b) Best straight line

vided on the IC chip for use as the shunt fee
resistor for the external op amp which is u
provide an output voltage for the DAC. Tt
chip resistor should always be used (not an
nal resistor) since it matches the resistors
are used in the on-chip R-2R ladder and
these resistors over temperature.

Viee: Reference Voltage Input. This input conne
external precision voltage source to the ir
R-2R ladder. Vger can be selected over the
of +10 to —10V. This is also the analog volt
put for a 4-quadrant multiplying DAC applic

Vee: Digital Supply Voltage. This is the power :
pin for the part. V¢ can be from +5 to +1
Operation is optimum for +15Vpc

GND: The pin 10 voltage must be at the same ¢
potential as loyty and loyr, for current swi
applications. Any difference of potential (V,
10) will result in a linearity change of

Vos pin 10
3VRerF
For example, if Vage = 10V and pin 10 is 9mV offse
louts @nd loyr2 the linearity change will be 0.03%.

Pin 3 can be offset £100mV with no linearity change, t
logic input threshold will shift.

=% LSB ERROR BAND

1LSB ERROR ACTUAL

ANALOG OUTPUT

DS005608-24

DIGITA! INPUT
DS005608-25

c) Shifting fs adj. to pacs
best straight line test

iterations of the adjustment.) The “end point test” u
standard zero and F.S. adjustment procedure and is a
more stringent test for DAC linearity.

Power Supply Sensitivity: Power supply sensitivit
measure of the effect of power supply changes on the
full-scale output.

Settling Time: Settling time is the time required from ¢
transition until the DAC output reaches within =12LSB
final output value. Full-scale settling time requires a z
full-scale or full-scale to zero output change.

Full Scale Error: Full scale error is a measure of the
error between an ideal DAC and the actual device c
Ideally, for the DAC0830 series, full scale is Ve —
For Vgee = 10V and unipolar operation, Vey . sc
10,0000V-39mV 9.961V. Full-scale error is adjusta
zero.
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Definition of Terms (Continued)

Differential Nonlinearity: The difference between any two
consecutive codes in the transfer curve from the theoretical

1 LSB to differential nonlinearity.

1! lg
(M) Dl O—————p of—>{0 Q 0 Vaer
14
DI O + 0 [} 0 Q |
15! 12
0I5 O 16' ] 0 Q . F—t+—0lwn
DlgO——f——{0 8-BT 0f—|0 B-BIT 0 MULTIPLYING |
4, INPUT DAC 0/A 1
03 & P DREGISTER 0 OREGISTERQ CONVERTER lount
DIz O | 0 Q [} Q “ml 4
]
0l O | 0 (] 0 Q Ry
7
(LSB) DIo © I 0 Q 0 Q |
| E* [+] E* |
ol 13
e '—OGND
| |
' :
|
pa— 1
s I
WA, |
2
| 120
| 0 Vec
|

= 0", DATA AT D IS LATCHED.

Typical Performance Characteristics

Digital Input Threshold
vs. Temperature
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Digital Input Threshold

vs. Vee
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FIGURE 1. DAC0830 Functional Diagram

Monotonic: If the output of a DAC increases for increasing
digital input code, then the DAC is monotonic. An 8-bit DAC
which is monotonic to 8 bits simply means that increasing
digital input codes will produce an increasing analog output.

Gain and Linearity Error
Variation vs. Temperature

0.1
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0.025
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CHANCES IN ERROR (%)
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e
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Typical Performance Characteristics

Gain and Linearity Error Write Pulse Widt

Variation vs. Supply Voltage

(Continued)

h Data Hold Time
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DACO0830 Series Application Hints

These DAC's are the industry’s first microprocessor compat-
ible, double-buffered 8-bit multiplying D to A converters.
Double-buffering allows the utmost application flexibility from
a digital control point of view. This 20-pin device is also pin
for pin compatible (with one exception) with the DAC1230, a
12-bit MICRO-DAC. In the event that a system’s analog out-
put resolution and accuracy must be upgraded, substituting
the DAC1230 can be easily accomplished. By tying address
bit A, to the ILE pin, a two-byte pP write instruction (double
precision) which automatically increments the address for
the second byte write (starting with Ay="1") can be used.
This allows either an 8-bit or the 12-bit part to be used with
no hardware or software changes. For the simplest 8-bit ap-
plication, this pin should be tied to V¢ (also see other uses
in section 1.1).

Analog signal control versatility is provided by a precision
R-2R ladder network which allows full 4-quadrant multiplica-
tion of a wide range bipolar reference voltage by an applied
digital word.

1.0 DIGITAL CONSIDERATIONS

A most unique characteristic of these DAC’s is that the 8-bit
digital input byte is double-buffered. This means that the
data must transfer through two independently controlled 8-bit
latching registers before being applied to the R-2R ladder
network to change the analog output. The addition of a sec-
ond register allows two useful control features. First, any
DAC in a system can simultaneously hold the current DAC
data in‘one register (DAC register) and the next data word in
the second register (input register) to allow fast updating of
the DAC output on demand. Second, and probably more im-
portant, double-buffering allows any number of DAC's in a
system to be updated to their new analog output levels si-
multaneously via a common strobe signal.

Ta. AMBIENT TEMPERATURE (°C)

Ta. AMBIENT TEMPERATURE

DS005608-30 o

The timing requirements and logic level conventiol
register control signals have been designed to min
eliminate external interfacing logic when applied

popular microprocessors and development systen
easy to think of these converters as 8-bit “wr
memory locations that provide an analog output qua
inputs to these DAC’s meet TTL voltage level specs
also be driven directly with high voltage CMOS

non-microprocessor based systems. To prevent dar
the chip from static discharge, all unused digita
should be tied to V¢ or ground. If any of the digite
are inadvertantly left floating, the DAC interprets the
logic “17.

1.1 Double-Buffered Operation

Updating the analog output of these DAC's
double-buffered manner is basically a two step or
write operation. In a microprocessor system two unic
tem addresses must be decoded, one for the input la
trolled by the CS pin and a second for the DAC latc
is controlled by the XFER line. If more than one DAC
driven, Figure 2, the CS line of each DAC would typi
decoded individually, but all of the converters could
common XFER address to allow simultaneous upd
any number of DAC’s. The timing for this operation is
Figure 3.

Itis important to note that the analog outputs that will
after a simultaneous transfer are those from the
whose input register had been modified prior to the
command.
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DACO0830 Series Application Hints (continued)
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*TIE TO LOGIC 1 IF NOT NEEDED (SEE SEC. 1.1).
FIGURE 2. Controlling Mutiple DACs
/] 0 d—
) I\
N —\__/ B
WR1 & WR2 —\—/ 0 ¢ \
\Lu’folfrelgltﬂ ﬁgngngDouqu/ ™ UAC REGISTER LATCHED
m \)(’
ILE = LOGIC 1" \ /
DS005608-36
FIGURE 3.

The ILE pin is an active high chip select which can be de-
coded from the address bus as a qualifier for the normal CS
signal generated during a write operation. This can be used
to provide a higher degree of decoding unique control sig-
nals for a particular DAC, and thereby create a more efficient
addressing scheme.

Another useful application of the ILE pin of each DAC in a
multiple DAC system is to tie these inputs together and use
this as a control line that can effectively “freeze” the outputs
of all the DAC's at their present value. Pulling this line low
latches the input register and prevents new data from being
written to the DAC. This can be particularly useful in multi-
processing systems to allow a processor other than the one

controlling the DAC's to take over control of the data bus and
control lines. If this second system were to use the same ad-
dresses as those decoded for DAC control (but for a different
purpose) the ILE function would prevent the DAC's from be-
ing erroneously altered.

In a “Stand-Alone” system the control signals are generated
by discrete logic. In this case double-buffering can be con-
trolled by simply taking CS and XFER to a logic “0”, ILE to a
logic “1” and pulling WR;, low to load data to the input latch.
Pulling WR, low will then update the analog output. A logic
“1" on either of these lines will prevent the changing of the
analog output. a
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DACO0830 Series Application Hints (continued)
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FIGURE 4.

1.2 Single-Buffered Operation

In a microprocessor controlled system where maximum data
throughput to the DAC is of primary concern, or when only
one DAC of several needs to be updated at a time, a
single-buffered configuration can be used. One of the two in-
ternal registers allows the data to flow through and the other
register will serve as the data latch.

Digital signal feedthrough (see Section 1.5) is minimized if
the input register is used as the data latch. Timing for this
mode is shown in Figure 4.

Single-buffering in a “stand-alone” system is achieved by
strobing WR, low to update the DAC with CS, WR, and
XFER grounded and ILE tied high.

1.3 Flow-Through Operation

Though primarily designed to provide microprocessor inter-
face compatibility, the MICRO-DAC's can easily be config-
ured to allow the analog output to continuously reflect the
state of an applied digital input. This is most useful in appli-
cations where the DAC is used in a continuous feedback
control loop and is driven by a binary up-down counter, or in
function generation circuits where a ROM is continuously
providing DAC data.

Simply grounding CS, WR,, WR,, and XFER and tying ILE
high allows both internal registers to follow the applied digitai
inputs (flow-through) and directly affect the DAC analog out-
put.

1.4 Control Signal Timing

When interfacing these MICRO-DAC to any microprocessor,
there are two important time relationships that must be con-
sidered to insure proper operation. The first is the minimum
WR strobe pulse width which is specified as 900 ns for all
valid operating conditions of supply voltage and ambient
temperature, but typically a pulse width of only 180ns is ad-
equate if Voc=15Vpc. A second consideration is that the
guaranteed minimum data hold time of 50ns should be met

or erroneous data can be latched. This hold time is ¢
as the length of time data must be held valid on the dig
puts aftera qualified (via CS) WR strobe makes a low
transition to latch the applied data.

If the controlling device or system does not inherentl
these timing specs the DAC can be treated as ¢
memory or peripheral and utilize a technique to exte
write strobe. A simple extension of the write time, by :
a wait state, can simultaneously hold the write strobe
and data valid on the bus to satisfy the minimum WR
width. If this does not provide a sufficient data hold t
the end of the write cycle, a negative edge tri
one-shot can be included between the system write
and the WR pin of the DAC. This is illustrated in Figus
an exemplary system which provides a 250ns WR
time with a data hold time of less than 10ns.

The proper data set-up time prior to the latching edge
HI transition) of the WR strobe, is insured if the WR
width is within spec and the data is valid on the bus |
duration of the DAC WR strobe.

1.5 Digital Signal Feedthrough

When data is latched in the internal registers, but the
inputs are changing state, a narrow spike of current m:
cut of the current output terminals. This spike is cau
the rapid switching of internal logic gates that are resp
to the input changes.

There are several recommendations to minimize this
When latching data :n the DAC, aiways use the input re
as the latch. Second, reducing the V¢ supply for the
from +15V to +5V offers a factor of 5 improvement
magnitude of the feedthrough, but at the expense of ir
logic switching speed. Finally, increasing C¢ (Figure
value consistent with the actual circuit bandwidth re
ments can provide a substantial damping effect on ar
put spikes.
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DACO0830 Series Application Hints (continued)

DATA BUS

SYSTEM ONE
WRITE STROBE SHOT

DAC0830

T oop o ANALOG
» AMP OUTPUT

DATA

—>{ |<— SYSTEM DATA HOLD TIME (< 10ns)

BUS x DATA VALID x
SYSTEM
WRITE STROBE
NORMAL ONE WAIT
< WRITE STROBE ™| STATE =
(250ns) (250 ns)
(OUTPUT OF —————my
ONE-SHOT) J
DAC WR .
= PULSE WIDTH l
(350 ns) DAC
DATA HOLD TIME

'

(160ns)
DS005608-8

FIGURE 5. Accommodating a High Speed System

2.0 ANALOG CONSIDERATIONS

The fundamental purpose of any D to A converter is to pro-
vide an accurate analog output quantity which is representa-
tive of the applied digital word. In the case of the DAC0830,
the output, loytq, is @ current directly proportional to the
product of the applied reference voltage and the digital input
word. For application versatility, a second output, loyta, is
provided as a current directly proportional to the complement
of the digital input. Basically:

| _ Vger _ Digital Input.
ouT1= XSN3——

15kQ 256
| _ VRErF % 255—Digital Input
OUT2™ {5 ka 256

where the digital input is the decimal (base 10) equivalent of
the applied 8-bit binary word (0 to 255), Vger is the voltage
at pin 8 and 15 kQ is the nominal value of the internal resis-
tance, R, of the R-2R ladder network (discussed in Section
2.1).

Several factors external to the DAC itself must be consid-
ered to maintain analog accuracy and are covered in subse-
quent sections.

2.1 The Current Switching R-2R Ladder

The analog circuitry, Figure 6, consists of a silicon-chromium
(SiCr or Si-chrome) thin film R-2R ladder which is deposited
on the surface oxide of the monolithic chip. As a result, there
are no parasitic diode problems with the ladder (as there
may be with diffused resistors) so the reference voltage,
Vger, can range —10V to +10V even if V¢ for the device is
5Vpe.

The digital input code to the DAC simply controls the position
of the SPDT current switches and steers the available ladder
current to either loyr¢ Or loyT2 as determined by the logic in-

put level (“1” or “0") respectively, as shown in Figure 6. The
MOS switches operate in the current mode with a small volt-
age drop across them and can therefore switch currents of
either polarity. This is the basis for the 4-quadrant multiplying
feature of this DAC.

2.2 Basic Unipolar Output Voltage

To maintain linearity of output current with changes in the ap-
plied digital code, it is important that the voltages at both of
the current output pins be as near ground potential (0Vpc)
as possible. With Vgee=+10V every millivolt appearing at ei-
ther loyry OF loyr2 Will cause a 0.01% linearity error. In most
applications this output current is converted to a voltage by
using an op amp as shown in Figure 7.

The inverting input of the op amp is a “virtual ground” created
by the feedback from its output through the internal 15 kQ re-
sistor, Ryy. All of the output current (determined by the digital
input and the reference voltage) will flow through Ry, to the
output of the amplifier. Two-quadrant operation can be ob-
tained by reversing the polarity of Vgeg thus causing lgytq to
flow into the DAC and be sourced from the output of the am-
plifier. The output voltage, in either case, is always equal to
lout1XRy and is the opposite polarity of the reference volt-
age.

The reference can be either a stable DC voltage source or
an AC signal anywhere in the range from —10V to +10V. The
DAC can be thought of as a digitally controlled attenuator:
the output voltage is always less than or equal to the applied
reference voltage. The Vger terminal of the device presents
a nominal impedance of 15 kQ to ground to external circuitry.
Always use the internal Ry, resistor to create an output volt-
age since this resistor matches (and tracks with tempera-
ture) the value of the resistors used to generate the cutput
current (loyr1)- ’
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DACO0830 Series Application Hints (continued)

Vher

R

R

O loun

O loutz

DS005608-37

FIGURE 6.

DIGITAL
INPUT

Rip (INTERNAL)

+Vrer

—O Vour = —(lout1 X Rpp)
_ _Vagr (DIGITAL INPUT)1q
256

Vos ADJUST

N

Vee

DS005608-38

FIGURE 7.

2.3 Op Amp Considerations

The op amp used in Figure 7should have offset voltage null-
ing capability (See Section 2.5).

The selected op amp should have as low a value of input
bias current as possible. The product of the bias current
times the feedback resistance creates an output voltage er-
ror which can be significant in low reference voltage applica-
tions. BI-FET™ op amps are highly recommended for use
with these DACs because of their very low input current.

Transient response and settling time of the op amp are im-
portant in fast data throughput applications. The largest sta-
bility problem is the feedback pole created by the feedback
resistance, Ry,, and the output capacitance of the DAC. This
appears from the op amp output to the (-) input and includes
the stray capacitance at this node. Addition of a lead capaci-
tance, Cc in Figure 8, greatly reduces overshoot and ringing
at the output for a step change in DAC output current.
Finally, the output voltage swing of the amplifier must be
greater than Vper to allow reaching the full scale output volt-
age. Depending on the loading on the output of the amplifier
and the available op amp supply voltages (only £12 volts in
many development systzams), a reference voltage less than
10 volts may be necessary to obtain the full analog output
voltage range.

2.4 Bipolar Output Voltage with a Fixed Reference

The addition of a second op amp to the previous circuitry can
be used to generate a bipolar output voltage from a fixed ref-
erence voltage. This, in effect, gives sign significance to the
MSB of the digital input word and allows two-quadrant multi-
plication of the reference voltage. The polarity of the refer-
ence can also be reversed to realize full 4-quadrant multipli-
cation: £Vgeex£Digital Code=£Vqr. This circuit is shown
in Figure 9.

This configuration features several improvements over
ing circuits for bipolar outputs with other multiplying |
Only the offset voltage of amplifier 1 has to be nulled !
serve linearity of the DAC. The offset voltage error
second op amp (although a constant output voltage
has no effect on linearity. It should be nulled only if at
output accuracy is required. Finally, the values of the
tors around the second amplifier do not have to match
ternal DAC resistors, they need only to match and ter
ture track each other. A thin film 4-resistor network av
from Beckman Instruments, Inc. (part no. 694-3-R10k
ideally suited for this application. These resistor
matched to 0.1% and exhibit only 5 ppm/°C resistance
ing temperature coefficient. Two of the four available
resistors can be paralleled to form R in Figure 9 al
other two can be used independently as the resistanc
beled 2R.

2.5 Zero Adjustment

For accurate conversions, the input offset voltage of tf
put amplifier must always be nulled. Amplifier offset
create an overall degradation of DAC linearity.

The fundamental purpose of zeroing is to make the v
appearing at the DAC outputs as near 0Vpc as po
This is accomplished for the typical DAC — op amp c
tion (Figure 7) by shorting out Ry, the amplifier feedb:
sistor, and adjusting the Vg nulling potentiometer of
amp until the output reads zero volts. This is done, of ¢
with an applied digital code of all zeros if loyry is driv
op amp (all one's for lgyt,). The short around Ry, is tt
moved and the converter is zero adjusted.
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DACO0830 Series Application Hints (continued)

Ve O— AMP —O
+
DS005608-39
t‘
OP Amp Cc (O to Full Scale)
LF356 22 pF 4 ps
LF351 22 pF 5ys
LF357* 10 pF 2 s
+2.4 kQ RESISTOR ADDED FROM-INPUT TO GROUND TO
INSURE STABILITY
FIGURE 8.
v, — 2R*
AMA
lount
> R*
VRer DAC0830 0A1
Ry —O
= 28" L
MW v
DS005608-40
Voo = Ve (DIGITAL CODE—126)
out=VReF A28
1LSB=|VREF|
128
Input Code IDEAL Vgyr
MSB LSB +VRer =Vger
TOTNGOSLUL T " vageertSe —|VRer|+1LsB
i 100 000 O VReF/2 —|VRerl/2
1 0000000 0 +10LSB
0 1 1 1 11 11 IW;;F'LSB Veeel, | | sg
0011111 1|~ —1Ls8 2
0 0000O0TO0O ~|VRerl +|VRer]

*THESE RESISTORS ARE AVAILABLE FROM BECKMAN INSTRUMENTS, INC. AS THEIR PART NO. 694-3-R10K-D
FIGURE 9.

2.6 Full-Scale Adjustment

In the case where the matching of Ry, to the R value of the
R-2R ladder (typically £0.2%) is insufficient for full-scale ac-
curacy in a particular application, the Vg voltage can be
adjusted or an external resistor and potentiometer can be
added as shown in Figure 70 to provide a full-scale adjust-
ment.

The temperature coefficients of the resistors used for this ad-
justment are of an important concern. To prevent degrada-
tion of the gain error temperature coefficient by the external

resistors, their temperature coefficients ideally would have to
match that of the internal DAC resistors, which is a highly im-
practical constraint. For the values shown in Figure 10, if the
resistor and the potentiometer each had a temperature coef-
ficient of £100 ppm/°C maximum, the overall gain error tem-
perature coefficent would be degraded a maximum of
0.0025%/°C for an adjustment pot setting of less than 3% of
Rip-
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DACO0830 Series Application Hints

(Continued)

2.7 Using the DACO0830 in a Voltage Switching
Configuration

The R-2R ladder can also be operated as a voltage switch-
ing network. In this mode the ladder is used in an inverted
manner from the standard current switching configuration.

DIGITAL
INPUT

Riy

Vaer
o—

loun
DAC0830
lourz

A Vaer) g R

0V < Vour <%:—Vm=

(MsB)
Diy

The reference voltage is connected to one of the curi
put terminals (loyr, for true binary digital control, 1o,
complementary binary) and the output voltage is tak
the normal Vpee pin. The converter output is now a
in the range from OV to 255/256 Vgee as a function of
plied digital code as shown in Figure 11.

E FULL SCALE ADJUSTMENT

1kQ
1MQ

—O Vour

ZERO ADJUSTMENT
(OP AMP Vog ADJ.)

"

DS005608-11

FIGURE 10. Adding Full-Scale Adjustment

(LsB)
Dl

(lourq) 11

—O +2.5Vpc REFERENCE
(lurz) 12

This configuration offers several useful application advan-
tages. Since the output is a voltage, an external op amp is
not necessarily required but the output impedance of the
DAC is fairly high (equal to the specified reference input re-
sistance of 10 kQ to 20 kQ) so an op amp may be used for
buffering purposes. Some of the advantages of this mode
are illustrated in Figures 12, 13, 14, 15.

There are two important things to keep in mind when using
this DAC in the voltage switching mode. The applied refer-
ence voltage must be positive since there are intemal para-
sitic diodes from ground to the loyry and loyro terminals
which would turn on if the applied reference went negative.
There is also a dependence of conversion linearity and gain
error on the voltage difference between V¢ and the voltage
applied to the normal current output terminals. This is a re-
sult of the voltage drive requirements of the ladder switches.
To ensure that all 8 switches turn on sufficiently (so as not to
add significant resistance to any leg of the ladder and
thereby introduce additional linearity and gain errors) it is
recommended that the applied reference voltage be kept
less than +5Vc and V¢ be at least 9V more positive than
Virer- These restrictions ensure less than 0.1% linearity and
gain error change. Figures 16, 17, 18 characterize the ef-
fects of bringing Ve and V¢ closer together as well as
typical temperature performance of this voltage switching
configuration.

DS005608-12

FIGURE 11. Voltage Mode Switching

Vaer = 2.5Voc

LM336

I}

R
Vour = +z.5vnc(1+if

DS005:
* Voltage switching mode eliminates output signal
sion and therefore a need for a negative power st

 Zero code output voltage is limited by the low level
saturation voltage of the op amp. The 2 kQ pull-do!
sistor helps to reduce this voltage.

®  Vos of the op amp has no effect on DAC linearit

FIGURE 12. Single Supply DAC
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DACO0830 Series Application Hints (continued)

+15V

+2.5V REFERENCE

g

254
b—0 -2.5Vpe < Vour < 2-5Vnc(—2-5;)

Yoo Rto loumy
DACD830

DS005608-42

D
® Voyr=2.5V (%—1 )

e Slewing and settling time for a full scale output change is ~1.8 us

FIGURE 13. Obtaining a Bipolar Output from a Fixed
Reference with a Single Op Amp

WA AL
O +15Vo; Ay =4

42.5Vpe 1.8k 18K
- 250
—0 10V < Vour < +1nv(255)
255 =5 T
0 < Ypac < 256 (2.5v) AV=+48
DS005608-60

FIGURE 14. Bipolar Output with Increased Output Voltage Swing
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DACO0830 Series Application Hints (continued)

+15V

+15V
20k
Ve
DAC0830 10k
Vi +15
20k
10k

CODE (D)

0 255
DS005608-14

* Only a single +15V supply required
e Non-interactive full-scale and zero code output adjustments

® Vmax and Vy must be < +5VDC and = OV.

1
* Incremental Output Step oot Vmax—Vmin)-

D 255
=——(Viax — VMIN) + —=V]
* Vour 256 MAX = VMIN) 256 MIN
FIGURE 15. Single Supply DAC with Level Shift and Span-
Adjustable Output
Gain and Linearity Error Gain and Linearity Error
Variation vs. Supply Voltage Variation vs. Reference Voltage
0.4 0.4
VOLTAGE MODE OPERATION [ | VOLTAGE MODE / ]
| ALINEARITY ERROR | OPERATION
= VRer = -~ |
% o8 Ver =2.5V neF =5V 4T ALINEAR};TY /}
= \ = | E!inpzv A X vee=1sv
= N = Vee=1 L~
| ,:%>_ = 0 Voo =15V
=] - =2.5V =} Voo =12V
E b VRer =5V =
S 02— —L— AGAIN ERROR | = 0.2 I
W=25C AGAIN ERROR
] I Ta=25°C
04 04 "
0 2 4 6 8 10 12 14 1 0 2 4 6 8 10
Vec, SUPPLY VOLTAGE (Vog) Vaer, REFERENCE VOLTAGE (Vpc)
DS005608-32 DS005608-33
Note: For these curves, VRgr is the voltage applied to pin 11 (loyr;) with FIGURE 17
pin 12 (loyt2) grounded. °
FIGURE 16.
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DACO0830 Series App] ication Hints the output of the op amp to bias near the negative supply po-

tential. No harm is done to the DAC, however, as the on-chip

{Continue) 15 kQ feedback resistor sufficiently limits the current flow
from g7, When this lead is internally clamped to one diode
Gain and Linearity Error drop below ground.
Variation vs. Temperature Careful circuit construction with minimization of lead lengths
0.100 around the analog circuitry, is a primary concern. Good high
""" [ VOLTAGE MODE OPERATION | frequency supply decoupling will aid in preventing inadvert-
_ 0.075 ﬁ":::avvfg:gnﬂ - ant noise from appearing on the analog output.
z 0.050 Voo = 12V, Vagr = 2.6V —| ,L/‘ A Overall noise reduction and reference stability is of particular
2 0025 = concern when using the higher accuracy versions, the
E o[ T—r—t— ] DACO0830 and DAC0831, or their advantages are wasted.
w | —" \\ ]
g s B AGAIN ERROR 3.0 GENERAL APPLICATION IDEAS
S-0050 w——vvzg:;z 3:;';:2753"‘ The connections for the control pins of the digital input regis-
-0.075 ' j l ] i ters are purposely omitted. Any of the control formats dis-
—0.100 cussed in Section 1 of the accompanying text will work with
TS5-35-15 S5 SSFS BS 105 125 any of the circuits shown. The method used depends on the
Ta, AUBIESISTEMPERATURE (%) overall system provisions and requirements.
S The digital input code is referred to as D and represents the
FIGURE 18. decimal equivalent value of the 8-bit binary input, for ex-
2.8 Miscellaneous Application Hints ample:
These converters are CMOS products and reasonable care Binary Input D
should be exercised in handling them to prevent catastrophic Pin 13 Pin 7 Decimat
failures due to static discharge.
mMsB LSB Equivalent

Conversion accuracy is only as good as the applied refer-

ence voltage so providing a stable source over time and tem- J) rogit @b 97 gy 1t 1 255
perature changes is an important factor to consider. 1 Derdw 0.°04 8% 0 0 128
A “good” ground is most desirable. A single point ground dis- 0 0 0 1 0 o0 0 0 16
tribution technique for analog signals and supply returns
- A O=c=Urret= o 00 @ § 1 0 2
keeps other devices in a system from affecting the output of
0 Of[\ OO0 O™~ @J O O 0

the DACs.

During power-up supply voltage sequencing, the =15V (or
-12V) supply of the op amp may appear first. This will cause

17 www.national.cor



Applications

DAC Controlled Amplifier (Volume Control) Capacitance Multiplier

DIGITAL
INPUTS

20 |
—0 +15V vcc\lonsv
DAC0830 " e

VReF

g
o pacosan

loutt

O Vour

Cy -
” 15V
1uF
e
0 —— Ceouwv
—-15V 1
DS005608-43 =
DS005608-4¢
—Vin (256)
Vo= & 256
D * Ceauv=C1 ( 1+~
°* When D=0, the amplifier will go open loop and . 5 3 .
the output will saturate. * Maximum voltage across the equivalent capacitance is
* Feedback impedance from the -input to the out- limited to M
put varies from 15 k() to oo as the input code 1+_25_5
changes from full-scale to zero. D

® C, is used to improve settling time of op amp.

Variable f,, Variable Q,, Constant BW Bandpass Filter

Rs
—W
Cy C;
+15V —{} {
: i 0 e
Ry ’\
AAA -
vy
1k LF347 Vher TN -
aN O + % DAC0830 LF347
O = Vee +
—15V Re
AAA +15V
15k L
out
DS005
o)
256 KD (2Rq + R Ro(K + 1
o= ;oo=,[—( 0 * Ry 5ypgw = —nalk + 1)
27R,C 256 Ra(K + 1) 27R1C(2Rq + A1)

R
where Cy =02=C;K=R—6andR1 = Rof DAC = 15k
]
*Hg = 11or Ry, =R, = Ry

* Range of fo and Q is X 16 to 1 for circuit shown. The range can be extended to 255 to 1 by replacing R, with a second
DACO0830 driven by the same digital input word.

© Maximum fox Q product should be < 200 kHz.
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Applications (continued)

+15V 20
o—

DAC Controlled Function Generator
+15V

AMPLITUDE
™
+15V 10k
—0 r\j
75k 100
25K ngEP SJYAVE
= u
svmmmv/ =
TRIM
=15V
WAVESHAPE” "
TRIM
15k
—15V
+15V
== 100 ,4F 15
+5 TRI-WAVE
¢ N outeur %
I =5 300k
w _J A'AVA'
1 6 &
Touns w 7 100k
: o[ eLmasz b AAA— \)
ouT2 R
+ 2 —o0
Bl
SQUARE WAVE
= ouTPUT
DS005608-18

*DAC controls the frequency of sine, square, and triangle outputs.

f= =
256(20k)C

for Vomax = Vomin of square wave output and Ry = 3 Ry.

© 255 to 1 linear frequency range; oscillator stops with D = 0

e Trim symmetry and wave-shape for minimum sine wave distortion.
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Applications (continued)

Two Terminal Floating 4 to 20 mA Current Loop Controller

INPUT
A AT
LM334
200
3%
AMWV—
] t—, 50k |
& Py 500Q

20 1 1 3

™ Vee loum :mu d 6

I DAC0830 92PE37B
LM3290 A vL[ i OP AMP
kil GND GND _~"12 1
3] [0
LM329D Vg —
- 500K
S ns
10Q
1_~M10 ek
GERAMERT N, ¢4mA< lout < 20 mA

DS005608-19

1 D Rg]
louT = VRer | ==+ T2
YT & [Fn 256 Rﬂ,] [ Rs

* DACO0830 linearly controls the current flow from the input terminal to the output terminal to be 4 mA (for D=0) to 19.94 r
D=255).

* Circuit operates with a terminal voltage differential of 16V to 55V.

P, adjusts the magnitude of the output current and P, adjusts the zero to full scale range of output current.

Digital inputs can be supplied from a processor using opto isolators on each input or the DAC latches can flow-througt

nect control lines to pins 3 and 10 of the DAC) and the input data can be set by SPST toggle switches to ground (pins
10).
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Applications (Continued)

DAC Controlled Exponential Time Response

—ANVN—¢
g ; —0 Vour
10
AA VEINAL
:ovk S ViNmia _ﬂ\_
V= 20 (VOUT ~ViN) + ZooviN LR
DS005608-20
¢ Output responds exponentially to input changes and automatically stops when Vg ,r=V)y
¢ Output time constant is directly proportional to the DAC input code and capacitor C
* Input voltage must be positive (See section 2.7)
Ordering Information
Temperature Range 0°C to +70° -40°C to -55°C to
+85°C +125°C
N 0.05% DAC0830LCN DAC0830LCM DACO0830LCV DACO0830LCJ DAC0830LJ
FSR
Linearity 0.1% DACO0831LCN
FSR
0.2% DACO0832LCN DAC0832LCM DACO0832LCV DACO0832LCJ DACO0832LJ
FSR
Package Outline N20A — Molded M20B Small V20A Chip Carrier J20A— Ceramic DIP
DIP Outline

21
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0425
(0.635)
RAD

PhySiCﬂ' Dimensions inches (millimeters) unless otherwise noted

_0.985
{z5.019) >

L[] (5] (7] [#]. 5] [, [] 2]

2.20-0.310
(5.588—7.874)

{
O.ODS—G.GZO/BMMI_‘JEJMLUMW

DAC0830LJ, DA

(0.127-0.508)
RAD TYP 0.037:£0.005
(0.940£0.127)
0.005 0.055+0.005
—_ —_— e
0.180 - 0.290-0.320 (0.127) (1.39710.127) 0.020—-0.060
(4"-‘:7;' (7.366—8.128) GLASS SEALANT MIN (0.508—1.524)
\ \
(5.080)
( [ —i; U MAX
4/295&5" 86° 94° 0.150 g
0.008-0.012 (3.810) = -=2°
{0.203-0.305) A
0.310-0.410 0.060 0.018:+£0.003
{7.874—10.41) (1.524) (0.457%0.076)
MAX
BOTH ENDS 0.100:+0.010

(2.540£0.254)
J208

Ceramic Dual-In-Line Package (J)
Order Number DAC0830LCJ,

C0832LJ or DAC0832LCJ

NS Package Number J20A
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0495-0512
(12.598 - 13.005)

- -

1

18 17

-}

S 1 13 12 n

N
L

i
0.394-0.419
(10.008 - 10.643)

LEAD NO 1 J/

LTI

10
0.010 yax
(0.254)
0.291-0.29
(7.391-7.595)
0.010-0.029 5° 0.093-0.104
{0.254=0.737) ** ™ {2.362-2.642)
( ‘ 8¢ MAX TYP [-—— 0.004-0.012
ALL LEADS B (0.102-0.305)
L__,zﬂ_l \ el =, el Y e ) e ¥ SEATING
I f PLANE
0.009-0.013 (—:% i ‘ u.m:—n,aso T o 0.050 ' 0.014-0.020 1yp
{0.229 ~0.600} ALL LEAD TIPS B R T W) {12m) T ™ T03s50.508)
TYP ALL LERDS TYP ALL LEADS e
L_“ 008 ryp
0.203) w708 (REV )
Molded Small Outline Package (M)
Order Number DAC0830LCM
or DAC0832LCM
NS Package Number M20B
1.013-1.040
oYz Sisd (25.13-26.42)
2.337 X 0.76 03240,
‘MAxgpz’\mmmmmmmmmm T ] [
P 0.260 +0.005 AAD
PIN NO. 1 IDENT 2600007
s \\.@ @ (6.604 £0.127) PIN NO.1 IDENT\.
*—(7—”—2)* OPTION 1 @ _
s MHMLUILIILIMMIMIAIEU !
0.090
0.300-0.320 B () OPTION 2
{1:620-8.128) 0.060 NOM 0.040 | opTiON2 ——
0.065 (1524 {1.015) 4°(ax) F_Gm
e TYP TvP \ -302 0.
4/ 0.145-0.200
| feasso
95%5° 0.009-0.015 90°:0.004° | l
™ 0229-0.381) 0.020
’ Tvp 0.100+0. ‘“0“_] l__ T oo {0.508)
1 0.060 £0.005 2.50020.250) 0018:0003 || 3iscesg  MIN
0,325 *0.040 (1.524£0.121) (0.4570.076)
-0.015
+1.016
(5255 —0.381)

Molded Dual-In-Line Package (N)

Order Number DAC0830LCN,
or DAC0832LCN
NS Package Number N20A

N20A (REV G)
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DAC0830/DAC0832 8-Bit uP Compatible, Double-Buffered D to A Converters

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.350 15 00
= v1sy [T
[8.89 230°]
PIN #1 IDENT
3Nt 19
4 18
0 |
n N [0.74%0.08]
O i
8] 14
|
Iipmpmpuigsis
9 L*.J 13

7
_.l 0.200

[5.08]

LIFE SUPPORT POLICY

0.050 1yp

TYPI‘—[LN]

0.01740.004
[0.43£0.10]

455K1 65) _\
I

0.029+0.003 TYP

0.065

TYP

=

0.310£0.020
[7.87+0.51] e

SEATING PLANE

0.020
[0.51]

0.1054£0.015

MIN TYP

[2.67+0.38] TP

0.165-0.180 1yp

[4.19-4.57]

[To.004 [0.10]

Molded Chip Carrier (V)
Order Number DAC0830LCV
or DAC0832LCV
NS Package Number V20A

0.390£0.005
[9.91£0.13]

TYP

V204 (REV L)

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SL
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54007400 Quadruple 2-Input Positive-NAND Gate
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5430,/7430 8-lnput Positive-NAND Gate o
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" wout Clas SVEC=MAX, Vi=1v L = [ EO\ mA
Presec &C B : 0zl
vollage e ropmma— . -
- i 2l = Functional Block Diagram
D. J. K. . 20
High-tevei Clear i H 0! i
LG { VOO EMAX V=20V —_— A e
0out currant Presat H 40 4 3
Clock 20 [ 1
0.5.K. | ¥ S04 WV =y = ,
=
Low-iavet Clear i -0.8 | ] : I
t - - 2 93 ! 1
\ OUt Current D reset L Vee=rar. v, Shgy -0.3; B iif §F >
Ciock_ b —0.4 HE i
Y -— e
. Shortciecun: Series saLs - 10 e e e
0s F——————— Voo =Max - ma 4
i OUIDUL Current @ [Serves T4LS ! | =29 -i00 |
! fog YO outent fvoo=MaX. See Note 1 . 8| ma =—§‘—“ ><—‘
. (Average per tip-tioo) £
i ! clock frequency R y . 25 33 MHZ T4 374 MIC LSTA. LJAOUAL DFLPFLLP WTH CLEAR AMO PRESET
vce=sv.
1
1 i =
; PLH from creac. dreset or clock i ;‘ e : &
— =
(a3 aoorcorate) 10 0 or & | GTISa ks 8
Pre A =2Q ]
' NOTES © 1 Wi au o:tputz ooen, ICC's Moasrcd w=(N ine 2 and @ OuIDLIS Augn s trn.
Soca Coul 3 I ounded
2 =w ewel 31040y sW14). X = wrakevant
| ASILON HOM 0w (0GR wver
YT T evel Of Q beire Nt Waild OU! CI.Gi1 ONS wers e S130KSNAD.
- TA3 cuntauration s “gastadse SOl DRSS when ocesel
AL SRk OOULS el N T Tmae L L
TFor conditons sncwn as MIN or MAX. use tre 200rCC AL VAlE SO6CITMd W3 ooeratng
LAN tyocat vames ace at VeC=SV. T4=25C.
*Nut more thaa one outoutl snowld Se snacied at @ time.
“!PLH mrvopagation Celay time. ow tc-igh~eve! Ootout
Py mpr Jelay ime. ouwut .
The amow mawcate the edge of tnc Clock Duise usaa for refence: * I the fisiny eage.
-




5485 ,/7485 4-Bit Magnitude Comparato}

Schottky TTL High-Speed TTL ! Lew-Power Schottky TTL Standard TTL Low-Power TTL
i Package . Package . Package Package
Device Type Device Type — Device Type I Device Type {—7 T Device Type s
3 clpimcr clp[mkr clelmkr cle[micH
Ti SNS4SES | SNHL 58S ) a1 ] SNSass K [reif SNS4L8S 142
- SNI14SES T STl SeS 3 oo T SNT4ES TNt SLILES Ty 2iN2
i Farsars , Feses xD
FAIRCHLD T e o )
[
MOTOROLA 1 MC 148 P
SMMLSES . DMSAL8S s2fn2 F
NS.C. | S 2 2
] oML SeS ' OMmT4ss N OMILLsS JIN2Z £
i
ups NT4SES © { NI S8S B NT48S [
GANETI i S5485
S cs N714S8S i 1 NTLSES A ¢ N148S
| ([
SEMENS 1 ] FLH4L [
. ! ' 1
FUJITSY T | 14U 58S ot ME 448 vy
CH |
HTA [ | Ho7acsss P HOT48S RICH
MTSBISH s o T 1 [miacsss RS )
|
NEC | | «P 82085 Dt
T
TOSHBA : g
Electrical Characteristics SNS4LSES/SN74L.S85 . Pin Assignments (Top View)
absolute maximum raings over operating (ree-air temperature range (O) 2] |
Swooty vottage. Voo v Opcraung  tree-ar | SNSILS —355°Cto 125°C \DATA II;\PUYS WPUTS  OUTPUTS WPUTS
T oTw R —— —_—
Inout voitage v temperalre range | SNI4LS 9°Cto TC cc “A3 82 A2 A1 BI A0 80 Vec 13 83 4>8 4<8 ‘mo W0 81
Intecomitter voilags (see Note) 5.5V Storage temoecatce range —65C0 19T | Jue | usfyeaff ozl u]fee]]s 6 |Jest el ]z}l {fod] s
" A p— = ™
recommended opering conditions T T T { l o Ty T T
A3 82 A2 AL 81 A 3 83 A>8 a-8 80 ao
SNS4LS8S SN74LSBS UNT : 3 I QUTPUTS ouTPuT
MIN NOM MAX | MIN NOM MAX | 83 8o ez 81
- A<Bamg A> A=
Swoly votage. Vcc s S 5.5 |45 K 8 AL S A O] P
High-tevel outoul current, loy —~100 —400| wA | l [ o LS L T woUT wouT & |
Low-tevel outout current, log < 1] mA LY L NAN! o1 Tt
QOperaing Iree-temoecature. Ty -5 125 0 0| C 4 2 3 4 s{yef] 7|l ' b 3 afl s{]s (]
. . . 83 - - -
electrical characterics over recommanded oprating N, 4 Y T 82 42, A=B A4>8 4<8 3=8 Al GNO
free-air temperature range NPUT CASCADING (INPUTS OUTPUTS ‘NeuTs CASADWC N2UTS
PARAMETER « TEST CONDITIONS t MIN TYP3 MAX | UMT pasitive logic: see function (aokes positive logic: see fncClon taoles
Viq  Highrlevel wout voltage 2 v . Function Table
Vi Low-level wout voitaqe 0.8
" oo s vole o AN et S LA COMPARING CASCADING UTPUTS
TVrn= N, dm=2V. : INPUTS INPUTS
Voa  Mgheiasal ouimt ventaoa ol & R T 11 Taxaqlan"82Tay RiTA0. BOIA>B A<B A=B|A>B A8 A=B
Vo =0 ey, Y e oy 7 . v i
[ Voo=MIN T A3 >83 X A A A b -
Vo Lowrievel outout voitage 04] v A3<B3 X X X X X X {18 H L
1V =0.8V. :
trout . g A3=B3lA2>8B2 X X X X X H L L
curren <B. wouts | s
wooat VoL =MAX. Y=V —————————— ma A31=B3lAz<82 X X b X X t H L
woul voitage 134 other wout ! 6.3 A3=B2/A2=821A1>81 X X X b2 H L L
g Hon-evel [A¢B. 228 AR AR, | 2/ & @t A1=B3lAz=B2|a1<81| X x x x L HooL
wout current lait other wouts. = 334 A3=B3|A2=B2lA1=B81'40>80 X X X H L t
Lowstevel (A (B, A)Bwouts -9.45 {A3=83|A2=B2la1=B)11A0<B0 X X X & H [
ot P v oo = MAX. V=04V — ol N P i N ,
i o et 1ant other woutls ! 2 I=83|A2=B2lAy=B1|A0=B0 H L L i H Lo
i 2
¢ H i A3=B3|A2=B2|a1«B1[a0=B0| L H LoL H Lo
= = ="
198 St civeurt outon surrsare | OO W [snstses |-z O o a3=83|aA2=82|ar1=81la0=80| L L " L L M
tez-d (st7aLses |-20 -x 3
: = ! —_—a 85  'S38S.  Ls8s
cc Suoany current | iesMAL  Sce Mote ..‘ X - A% =83 A0 4l =B 1]A0=50 3 = R = "
- 52 4 P! 0 H '
;‘o«\ nvAvBcu.\.ﬂo,.. i &Z__,~T§_._ A3=B3|A2=B2[A1=B1(A0=8B0] H H [ v L
| o3 sutst A <8, 453 i i ) [A31=83[a2=Bz[a1=B1ia0=80] L L L | n H Lo
B : % . -
+ Any A 3 i s tes
e~ v or ca " L :
Brdisiud Al (anoy i A3=B3j[lA2=B2|A1 =Bi1|{A0=80 L H H | L H Ho
PP : - = A3=B3(Az=B2|A1~81|a0=B0| H L H i H L o
om o cata ot ] .
| ORI 4 | Vecm§¥ |NUMBERL = : A3=B1[A2=B2[A1=B81|A0=B0| H H H H H W
. "'°°“‘:"'A -a - L Ti=17SC oF T = = 3 iA1=B3lAz=82|A1=B1{A0=B0| H H L " H Lo
i{ a wou t 3 < B
FHL,  [FomAoviang B e ¢ CL=tsef (GATE . A3=BilAz=B2|A1=B1]A0=80| L LU L & L L
! 10 outout A =B 3 =@ LEvELs | * 2] 45
= AN mae Lo e ewet A e clan
o n  |womA(B o A=8 1 "« 220 ns " =
P 10 outout X8 1 i 1| ns
oLH from A=8 2 13 Uil ns
O 10 cutdut A =8 2 3 % ns
PLH from a>3 cr A=8 [ e 2} s
iPWy 130 outoul A<8 | ' " ] s
NOTE " iCC 13 measwad witn 0ut?s 0oen. 4 =8 grounced. and all otner <outs at 4 SV
tFor cunatons snown as MINOr MAY, _3s 'Ne a0orcorte vake s0eCiiwd unced noer * coe. atng tor the tyoe
T Ad tyocat vaws e at Vo= SV, Ta=25C
@ Not more Man one OulDul SNOUIA Do A7 At 2 e CONTWNUED O NEXT PAGL
1P N TOF00AGALON OAEY LiMe. ‘Ow-10-WC7-eset ouldul
PHL & XO00SGaGALON Galdy 1@y 1ume. NeGN-10-40w ~evel Vuloul : e

5
Y

A

i




5485, T485(CONTINUED)

Functional Block Diagrams
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5486/ T486  Quadrple 2-Irput Exclusive-OR Gate

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL j
¢ Package | Package . | Package . l Package . | Package
D T t—r—————1 Dewvi T Device T b De b i o] T
evice Type e TaimicH oo P [T PIMICH YPercTplimice -t TP [cTeMice " T IcT PMIcH
TI SNS4SAe R R Uy ] | | SNsasss S| Wi SNsus T M| SNSu 85 AN
2 X Sra~ = T R SN1LS 85 IR ER ercEES DNl |
e e Coa 6T [ e/ Fea s D 1D | FMS4s6/F MINSs (DT G| & i
FAIRCHWD ooax T 3 O/ oS D) Fa] FCI@e/FCgs  JOAP@ [
OROLA 8 g | | [
MOT R | SNI4LSE6 P MC U6 @ | [
NS.C N | OMSAL 536 P OMs186 IO WA OM 4L 36 VTN FY
& M 14586 TN DMILL S 86 P OM7486 J TN OMTaL 86 YIND Fa
o |
PHUPS N14S86 I 3 NILS86 " FIH21yT4%6 [0
S N Ssas6 IFOIADL Q@Y
SIGETICS sk [ NT4LS86 laae N71436 FOIAD,
MENS LT
.SIE [ FLH [C)|
A { !
FUJITSU e TR a VIRt T i
[ | |
HTACH R HO74L S8 P HO71a/H0226 | P i
! [ {
MsuBISH i [ MT4LS 86 Py MSI286 P
T T
NeC [ i H 14 S36 C 1 ~PB2086 o i
T i 1 s
TOSHBA 1 T ] { [~ [Toues G T
Electrical Characteristics SN54LS86/SN74LS86
absolute maximum ratirgs over operatirng free-air temperature range
Suoply voiltage. V(O v Opecating Iros-mc  [snsals| —S5C to 12ST
nput voltage W temoerature rarge rsuuu 0C to 70C
Storage temperatire rangs —65°C to 1S0C

recommended operating conditions

SNS4LS86 | SN74LS86 T
MIN NOM MAX| MN NOM MAX "
Swopty voltage. VCC 45 SminiS .S {575 s s.2s| V
High-level outout Current. QK — 800 — 80| wuA
Low-level output current. 10 [ 8| mA
Operating frae-air temperature. Ta i =58 125 0 10| C
i : . positive loge: Y= A (D B = A8 + AB
etectrical characteristics over recommended operating free-ar temperatire rarge
41586 i
PARAMETER * TEST CONOITIONS t 5“;:: ] T Function Table
ViH High-tevel 1rout voitage 2 X
viL Cowlevel imout voitage 08| v INPUTS | oyTPUT
v
A\ Inout clamo voitage Veae =MIN 1 == (18mA =-1.5 v 4 g |
1 ghce 1
v H 1 ey S g L4 i ' i ” B L
OH Ighrtevel output voitage 2.1 - Vo " k H
- Vi =V max. lon = —400uA # ul i
VoL Low-level outputl voltage VEC FMIN. lg =4ma 0.25 0.4 H H (¥ I
. Vin =2V, v
“PuUl Current A1 MaxiMum 1nOuUL!
i witag Vi =V mas |lgL =8mA 0.35 0.5
Tig g tavel trout Surrent TVCC <MAX_ 4 -1V 0.2] ma H = Hgnrlevel L = Low-tevet
“ ow e WGt Cwerent cog o MaK, v oY 0] ur
Veag sMax, dy 2.4V -0.8 mA
‘os Shoet-Qecuat outout Current o  —==
JCC-\.‘AX, -5 -2 ma
'ec Suooly current Veg =MAax See Note 2 6.1 0| mA
: !
from & o 37 T =5 : 12 23[ ns
- nout ernsl; g Tam=25C 4 10 17, a3
frm & o 3 ' l CL=19F. . 20 0 "
nut SRR anSut g 8 =g i 3 22| s

Pin Assignments (Top View)

=
D
vog 8 A ax K- v
Joc ® ia v ¥
Tyt fe sl
SRS =

r T T SR B

1

|

IS E— ! l "
= - = i
L U D
i i

1l T

i
W L= ¢ W I= ' |

Toleataisisil

4 B ivo0s = IY GNOD NOTE :!0C 13 measured wth the 1nputs grounoed and the owuts oo
L soutive kg Y = a (DB = X8 + AB poutive 1pc: Y= A (D)8 = A8+ AB ]
t For conditions shown 23 MIN or MAX use the aopropriate vaive S0catied under operating for the apph typa.

1 All typreal values ae at VOC=5V. TA=25C

* Not more than one outdut 3howsd be shorted at 2 time.

+ 1P DroDIGaton Gelay time. tow-to-ugn-Llevel output
1P - Oropagation Gnay time. Ngh- (0~ low=level ouDut




54138,/74138

3-Line-ta-8-Line Decoder

Schottky TTL High-Speed TTL Low-Power Schattky TTL Standard TTL Low-Power TTL )
X Package . Package ) Package . Package } Packa
Device T = Device T - Device T De T . | T ACkage
evice Type eTmTMIcH o [clPMicH yPe e TRTmic Dovic® TYPe e mlcr] 0oV 7™ (P micy
T1 SNS4S138 U | Iwd | | SNSALS 118 1A 1wl | R
o SN14S138 JTRANDL | | SNT4LS13S @ nal | E ;
a5 o] i | noasix/ st {30 | [ i i ]
FAIRCHLO oo /rase (D] i fowir/fosin o8l rDl | FD T A S
MOT | [ ! I
OROLA T SN14LS 138 pal | i .
+ OMI4LS 138 T | i L
NS.C. OMI14S138 T | OMSAL S 138 [ 1 ]
[T
PHUPS N14S133 [) NTALSI138 [©] [ ‘T‘
S$4S 138 FOBW  |wa I
SIGNETICS N74S138 FOIBD N74LS 138 AT} ! I-N
SIEMENS L ! 1
| | 7 1]
| | 1@
FUITSU I I TULS138 MO [
[
HTACH HO74LS 138 P D) !
i
MTSUBISH M14S 138 P Q| MIALS 138 P ol |
{ i
NeC 74L S 138 ICD i
TOSHBA ! '! l e

Electrical Characteristics SNS4LS138/SN74LS 138

absolute maximum ratings over operating

1rae_-|'r tampe

rature range.

Suopty voltage. VoC v Opocating free-aw | SKS4LS —S55Cto 125C
nout voitage s lemperature range KT8 0°Cta 70C
Storage temperalure ange -65Cto 1SO°C
recommended operarating conditions
SNS4LS 132 SNTALS138 UnaT
MIN  NOM MAX [ MIN  NOM MAX
Swoly voltags. Vgg 45 s 5.5|4.7s s 5.25| V
Higrsevel output curent. ign 400 400 | A
Low-tevel output current, 1o 4 8| mA
Ooocating free-ar temoerature, Ta =55 125 0 70| °C
electrical characteristics over recommended operating
free-air temperature range
PARAMETER 4 TEST CONDITIONS t MIN TYP$ MAX | UNIT
Vi Hign-tevel nout voitage 2 v
Vo Low-lvel mout voltage 0.8| V
Vi Inout ctamo voltage Voo =MIN,  y=—18mA 151 Vv
Vou  Hian-val cutiit Yoitadd VO =MIN V=2V, [SreB 25 3.4 I
Vi=0.8V.I0H= 400nA[ SKAS | 2.7 3.4
VoL  Low-level outoul voltage Voo =MNOOU= 30 0.3 0.5 Vv
Vo =0.8Y. g =8mA
N Inout current al maximum
Veo=MAX. V=V 0.1| mA
nout voltage
i High-tevei nout current Voo =MAX, Vy=2.1V 20 uA
n Low-level «noul current Voo =MAX. V=04V 0.4 mA
05 Shortcrcut output current @ | VOO =MAX - 20 - 100 mA
ec o — VeC=MAX. Oulputs enaoied 3 o o
a0 ooen
oLn ! 2 s 2 ns
19HL jfiom Burary sclect | 21 At
PLH |0 any oot |vee=sv 3 : '8 A 16Y
touy Ty=28T igxe™ i 26 39
IPLH Co EISHES, of { 12 18
PaL 21 2 oeav | ¥ TR
eLH rom Enaa- s { i1 2 |
oL ] 10 Ay ouout l b t——_T m r

Pin Assignment (Top View)

DATAOUTPUTS
(¥ A
Vee ‘yo Y! Y2 Y3 Y4 YS Y6
16]]15{]14]13}]12}}11]}10}} 9
Yo vi YZ Y3 Y4 Y$
A e
8 C G2A G28 Gi Y1 positive lolic:
I l 1 T l T seo funclion 120
211311415 1le(l7(|8 .
A 8 C \G2ZAG28 GI, Y1 GNO
ouTPUT
SELECT ENABLE
Function Table
'S138°LsS138
INPUTS
ENABLE | SELECT OUTRUTS
Gt Gz C 8 A YO YI Y2 Y3 Y4 YS Y6 Y
X 4 X X X |« M oM omoRmoA oA oA
i XX X X|H HHHHHHH
H L]t L L|jL K H HHHHH
H L|lL L WIH LM HHHHH
H LiL H L|H H L HHHHH
H LiL H H|H HH L HHHH
H LiH L L|H HH HLHHH
H LlH L H|H H H H H L H H
H L|H H L|H A H H HH L H
H LIH H H|H H H H HH H L

GZ2=G2A+Gz28

H=han fevel, L =tow level.

Functional Block Diagram

6
znasLe ) O D

INPUTS G2a a

X =wretevant

_—:‘:}}—"—v 2

c2e—a
G287

A (n
secect J g @
~euTS

*S138 "L S138 DECOOER / DEMULTIPLEXER

|

OATa

=

ouTPUTS

__%_?@jv

3

4
s
3

tEor conaiions SNOwn a3 MIN Oor MAX, use he 200r00riate vakse specilied under ¢

T AU iyowcal vanes are at Veg=SV. T
# MOt more tnan One Ouldul STOUIG de

A=25C.

Sto| | = 0r0033EI0N Oelay lime. ow—lo-Mgn-ievet outout
1Py = orooaqaton detay ume. Q- 10- 10w tevel Outoul

‘or the

shorfed At a time. and duration Of (he SNOrL-CHCuL teSt SNOoukd NOt exceed one second.

gevice type.




54164 /74164 8-Parallel-Out Serial Shift Register

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Lew-Power TTL
Package ] Package ) l Package . ! Package . . Package
Device Type Device Type Device Type [(——— - Device Type ————— Cevice Type —————|
[Cipimice V< VP cTPIMIcH YPe FCiPIMICH Pe [eTPIMicH YPe I CiPIMICH
T l [ i | | { i SNMLSI84 3 H peaf | SNSL164 (R I | W SNSLL s D1NDLTT
e R T 1 SNTILS 164 FEN R SNTAI6L ISR SKTaLied L NTT,
R R fesasicd/ fersiee oDy L P FUSAELF LSOl ¢ i .
FAIRCHILD T ] I OGS/ xS BT rD| 1 FD| FCIAI64/FCI3163 10D PLI | !
IR I ! [ I T I :
MOTOROLA IR i i | SNTALS 164 T ATl |MCraed o1 | T
1 1 i . i DML S 164 I Di T YV VTRYY
NS.C T 1 T CMMLS 164 YR OMTdISL TNy CuTL IS4
i | | 1 b | R
PHILIPS I T [Nisies T @l | [ Nas [
: | | 1 1 0 | [ssuss FTACT] Wl
| | 1 Had!
SIGETICS 1 i T [ NraLsisd i acl | INnus [FTiaD
ENS [ i 1 iy 0 [
SIEM (] \ ] | T [FLuaq R
FUITSU L] ' ] S P
[ | H 74LS 164 tMT | i
[ [ i i 4o [
HITACH [ | T HOT4LS 162 I P HO 74164 I
Lt | (I |
MITSUBISHI I l AT4LS 164 i PO MS3364 PT
IR i T |
NEC T i LMILS i co uPB2164 T !
1 ! 1 [ j | IR
TOSHIBA [ 1 4 TD35034 CRYER
AN | I T i1
AMD y 1\ ] AmIALS 164 | | | I IR i
Electrical Charactedstics SNS4L.S164/SN74LS 164 Function Table
absolute maximum ratings over operating free-sir temperature range ‘164,'LS164,'L164 (see Note 2)
Suooty voltage. Voo v Operatng free-aw | SNS4" | —55°C 10 125°C INPUTS OUTPUTS
Inout_voitage v temooratire ranga | SNI4 [ gC 1o 70C CLeAsctock|[ A 8 [ oA a8 —~ oA
Storage lemoeraiure range | —&C to ISTC v } x I x x | U v C
recommended operating conditions ] X X 0ap Qo Qwo
[ sNsaLsie4 SN7ALS164 | - H i b H M | Oan  Oga
IMINT NOM MAX [MIN  NOM  MAX | o ! L X | L Qan QGn
Suwooly voltseg, Voo 15 5 ss|ars s szl v T X L 1L 0Qan O
Hwhdevel output current, lon i — 400 —400| uA Y .
Low-level outout ausrent. lop 1 [ 8] ma Functional Block Diagram
Clock frequency. lciock ).L8 5[ 0 25| MHz e
Width of clock or Clear mout oulse. 1, ey 20 a3 aces =
Oawa sotwo tme. tegpgo H L 1S ns
Data hoid teme. thoig in s TR
Qoerating {ree-gaw temoerature, T4 | —Sa 125 0 0| T

electrical chacactedstics over recommended operating
free-air tempecrature range

PARAMETER 1 TEST WCONCNT!ONS T > ]MIN TYP t MAX!UNIT | - ureve outeus e wter et st G &
ViH Hign-evel «Out voilage W = R 1 2 s = i - = ~ |
= 1« “ o e, T
V|L Cowovel LY. 08! Vv 1=, LS RSl 1 @7 PARALLEL -OUT SHaFT REGES TER
\ lrout clamg voitage. VoG =MIN.  |f=—13mA =ty v
VCC=WiIN, V=2V, typical clesr. shift, and clear tequences
VOH  High-level output voltage 2.1 35 v
Vi =0.8V. Igy=—400uA .u..—j [ 1.0
VoC=MIN, V=2V, . :
VoL  Low-evel cutput voftage 0.3 05, V & T :
PV =0.8V. ‘g =&mA e . o
—_ !
(rout cuwrrent maximum h ” .
I ivoo=wAY, Vvi=7v 9.1 mA . i
mout voltage . N . : 1
i High-tavel nout current VGC=MAX. Vy=2 1V 200 ua i v !
[ Low-evel nout cureat VOO =MAX. V{=0.4V n4j mA ,‘___‘4 L1 4
LSHSALS | — 26 109 — H
1 E . v MAX s 2 1 |
0s Snortcrowt output curreat cc= [snas | =20 — m o A :
' = i i —— .
lcc  Suooly current Vo =MAX, } 6 g7 mA e gl I N (i PR S
s See Noie 1 i s
fmax  Maximumclock frequency T C_=1S0F ¢ 25 3% - MHZz gl > 1 AR U e O S —
3 fooagation oelay Lime, wqn-1C<0w i ‘_cc ZS‘C. “ 1 s
s tra=25C. i « | ns
PHL ovet Qoutouts from clear wout | A O sser 2 * ‘ -
) g ! 3 | —
Proocagation Gely (/ma. ow 1Gfegn- = :
PLH o 1 C( =150f 7 ol [ ;
evel Q outputs from clock wout [ |5 £ L. f {
Propagation dely (ime. Righ-to-tow | [l - N
! = ns 1 1
PHL o 0 oututs trom clock wout | Sx150F ! *oo= i -
© - . e | {
Pin Assignment (Top View) i i adm aum
® “ migaing n L
I T NQTES 1 1. 1cC 13 measured with outputs moen, sermt vouts rounoed, 3nd 3 momentary
e | ound. then .SV, 200ked (o chear.
il i 2. H =tugh levet (steady stare), L= Lowdeve! (s:escy state)
rr‘ = . X =«rolovant (any rout, mckoing raastons)
10 e o 0 0 . I =uanston from low (0 fgn levei.
[ i Oag, QBO, DO =the tovel of Q4 Og o Ow. resmectvory, defore the
ST T MHCAEd $(eadyILATe 1NOUL CONKIONS were 23ia0KSIed.
positive logi S YR e Qan. OGn =the tevel ot Q4 o OG petore 1ne mosivecont * ransiteon of
itive H functeon tadke —— ciock: mdeca B
e e > Sl meuts  outeuTs the : (es a one-dr: srutr |
TFor conditons snown at MIN or MAX, use (he aconate vehus soecified under coeratng for (he dence type.

TAN tyocal awes are at Vo= SV, ToA=25T.
¢ %ot more the fwo oULDUTS 3houd be shartod At 2 tme.




S54165.774165  Parallel-Load S Bit Shift Register

Schottky TTL High-Speed TTL Low-Power Senottky TTL Standard TTL Low-Power TTL
— —
Package 1 Package . Package i Package Packeg,
Cevice Type . Device T Devica Type Device Type Device T — 3
CIPIMICF] YPe (e P IMICH ciPIMIcH clpmicH e TP MG
T ] I 1 [s~sacsies Y SNSAIES IO 1w ' h
-1 1 7 1 I | SN14LSI4S 1D IND SMTa16S PHOIND | |
I | | i { FMS41S5/F M9316S [OT] 1 ¢ 1 :
FAIRCHILD : : T T i FC14165/F Ce316s DDIPDI | | |
= IR i : R T
1 1 1
MOTOROLA 1 1 R 1 UCIL16S P 3 |
NS.C R [ ] I T [omsatiesa o] gl
.C. T T 1 i OnTai6s NOl i [om7dlissa DIl gy
+ -~
PH [ | l H
ups [ i NTLI6S ol 1 e
| | SS4165 FO|&D| |wT )
SIGNETICS ; l NS FolBT | N
1 | i
SIEMENS T T [ FLSE Tl . ]
| ! | !
FUIITSY | i I ~
i ' | I N
HITACH! 4 [ . ; ]
! T
H
MITSUBISH! — I, ._
|
NEC T
OSHIB. o : | |- |
TOSHIBA T ' { [ 1
Electrical Characteristics NS54LS165/SN74LS 165 Pin Assignment (Top View)
absolute maximum ratings over operating free-air temperatura range 0) 5
Suoply voitage, V 1V [Opecating froe-axr |SM6AS! —SSC (0 125T "R
4. Vee L cLock RALLEL wPuTS SEAULOUTPUT
lrout wolage ™V |temosawre ange  [SM1S| GC o 10C contt TR CL B 1 meour
Storage tamperaiure range- —65T 10 10T 161[151 (14l [131 121 1111019
recommended operating conditions l I T T T [
SNS4LS 165 SN74LS(65 | . o ok 0 ¢ B §Asting
MIN  NOM MAXI MIN NOM MAX PeeYig N
Suooly voltage, Voo 4.5 N SLsaadS S 5.5 v | 5 fgfg/ on
Hxgh-teved outout current. loy 400 400 | uA
Low 5| mA E8Ae ¢ o W
level outoul Surreat, Igp 4 m N
Clock frequsncy. einck 0 2| o 20 | MHz | 1 [ 1 |
Wi of clock eout_pulse. 1, (clock) s 2] u 112131415716
Wwdth of joad woul puise. I, (loac) 15 15 ns SHFT/CLOCK E [ ~ NQ
Clocknadie seto time. lserp 3 0 s Losa PARALLEL NPUTS
Paraliel wout seuo time. tgen g 10 1 ns
Seral nout ceto time. lsequo 20 22 s Positive logic:
SMIL setw tme. oo 45 45 ns
Hold time at any woul. tnaig 0 0 i ns
0 = 1 Q 0| T «
Derating free-e« lemoeratre, T4 £ 25 F'unct:on Table
lectri h isti ver recommended operatin 4
elec |f:al charactenstics over reco P € 165 (see Nota 3)
free-air temperature range
PARAMETER * ! TEST CONOITIONS t MIN TYP 1 MaX | unaT gheuUTS INTERNAG e H
1
T Vgneevel wout Tl gl 2 v SHIFT/ [ CLOCK QW{SERML PARALLEL | OUTPUTS o
Vi Low—evel woul voitage | c.8j| v LOAD | INHIB(T A .. H Qs Qg
Vi Inout camp vollage Ve MIND I =—(gmA -5 v L x X X & o a 5 n
Voo =MIN. V=2V, : H
YO  Hgh=ever Outbut voitage cc " 2.7 1.5 v L e - Qa0 980 Qno
IVIL=0.8V. o= —400 A i H L T H X H Qaa QGga
TVCC =MIN.  Vig=2Vv 3 .
VOL  Lowswesel outout voitage N C¢ 1 0s 08t v H L L i L Qaa 0Gn
T <08V, i =4mA \ H H : x | x | Qa0 Qa0 Ono
Inout current at SN lead 1opwt - ! I
4 ou . v
VO (20e Lo"'l"
7 Coad wout |
i Hign-te v i ! Vi=2 W
M S agmest | TDtmer wouts)  OC !
. Low-teves ! Lead toout lv N o, Y
i SAIL 9adwmpet | Otmer mouts: CC o YRR |
» . e 1 -
Sraxivarly corrral e 'vos T wuax ELELS SRy — gy
- ISNULS K -1
Swociy currant VCC=MAa. See Note2 | 2 31 mA
Maximan crice trecuency g LB ML G0TES 1, This s e voitage batwesn (wo emitters of a mulliod-smitter transistor. Foc
ot Samm ey wotae : 22 B s TS Crowl. (U3 ratng 200Me3 10 (Ne 37T 0ad NOUL 1 CONENACTION wilh the Clock
‘ i veo=5V. 22- 35 cock o clock~nndit wputs,
CPLH ~ . TaA=2"7C 27 aCt 2. Wun (he oumduts  ooen, Clock mtwdrt anc sufr/load at 4.SV. and a clock
onl | oGk 10 Any: ciibad i & 1SPE 28 w: pulse 200469 10 the CloCk MOUT. ICC & medsired 3 with the caralbel nouts
L : Gt = ISPF, : = at .SV, then with the paraliel wouts ounded.
PLY | iyom v curaet O, ! RL= 2w ——_—%_;a‘: - 3. H =hign tevel (stoady state). L =iow wevel (steady state)
louL 3 2 X =wrelevant (any noul. ncuding ranwitions)
PUK G 2 304 i =tranunon from kow to fegn level
[ from o oudut Oy ' 16 s = i...n =tns levet ol sieadySuate «out 2: NOUls A thru H. resoectrrely.:
Qag. 0gg. CHo =the level of Qu. Cg, or Qy  resoectrvety. detore the
y-state wout were b
Qan QGn ™me lavel of Qpor OG. resdeclivety, belore (he mast recent
I transon of the clock.
tFor conarons snown as MIN o MAX. use (he acorcpriate vakuse under & operating tor the devwce tyve.
TAH typical vesws ace at VCo =%V, Tao=2T.
*Not more (Man one outpul *houkd be saarted al a ume. o e
* 'PLH = ormosgaton  Oclay lime. low—to-fegn-eved  ouiput CONTwLED T

1P =P oclay tune. magr > output
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swET/ (1)
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BT
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Functional Block giagam
PARALLEL
~PUTS
7 8 - c o € [ a
e B [t [¢4 3 [« I3}
T
>RE SET SE T T PRESET ST PRESTT
s e 1 oy 1 e . o t a ¢ ac
r:>c( & =3 =3 > cx & (=3
& e &y . & & & . & -
cLem Qg agam cLean agan cLem
165 PARALLEL -{.OAD §-BIT SHIFT REGISTER
typical shift, and load, inhibit sequences
- T etoex
CLOCK wH@IT v 14
|
SHFT/LOAD ] ]
' |
( 4 lun i
8 s h
| 8 1
: '
= <
(] LS \
14 0
DATA T '
< € [lH 1
F ‘L '
' .
¢ I H :
|
N —
OUTPUT Oy [ - M & i L H L H
t
outPuT &~ 'L C [ w L[ w [ L

f— v R SHE T
one




5
54244 /74244  Octal Buffers/Line Drivers/Line Receivers 2
Schttky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power T‘{?‘ s
) Package Package Package Package Packa. =
Device Type Device Type Device Type’ Devica T De ackage | ¢
clpIMErF CIPIMEF clPIMEF P T MEr] OV 77 [CTp ke o1
TL 1 [ snsasau T &
. SNTAL S U CNOY :
FAIRCHLD
MOTOROLA o
NS C
PHULIPS
SIGNETICS
"SIEMENS
FUNTSU =
HITACH 5
MITSUBISH : . 4
NEC -
TOSHIBA : % ‘l
Electrical Characteristics SNS4L3244/SN74L.S244
absolute mazimum ratings over operating free-air tempecature range * Pin Assi i
Ssignm iew
_| Suooly voiuee. veo ™ | Opecating teea | SNSALS| -55C to 125°C gnment  (Top View)
1 trout voltace S.SV | temoscature cance SNIs| 0T 70T .
Interem tier voltage 5.5V Sloraqe temoeralre ranae -§SC to ISaC - @ : gl @
recommended operating conditions - |
LSS4LS244 SNT74LS244 .
- 0T -
MIN NOM  MAX | MIN NOM  MAX M | B
Suooty voltage. VCC g 4.5 5 5.5 475 S 5.25(- VvV
i Highevel outout cucrent, I0H < 12 15| mA &
Low-tevel outout curent. IOL 12 24| ma
' Qoeranng free-w lemoeraiwre. T4 $S 125 0 0l °C ﬁ W
: electrical characteristics over recommended operating 5> / /
~ free-sir temparature range (unless othenvise noted) / // / l/
PARAMETER TEST CONODITIONS F0ata unT >
MIN_TYP$ MAX g g
ViH__ Highriavel iooul voitage 2 v 3a0 0 Gadal -
vie Lowtevel rout vol tage 0.8 Vv il = = = = =
ViIK Inout damo voltage VCC=MIN, [ ==I8mA -1.5 ¥ SNSALS244 (1) . <4 (3, N} . ~
Hystecems(VT + -VT =) VCC =MIN 0.2 0:¢ v £ 53 B
VCE=MIN, VIH=ZV. 2. 1.4
VL =Vigmax IQH = — ImA N N
VoW  Highrlevel cutout voltage
VCC=MIN, VIH=2Y. 3 H
VIL=0.5V. (0H=MAX
Voo =MIN. |ig =12mA ‘0.4
VoL  Lowievel outout voltage YiH=2V. ¥
Vi =Vqmax | tQL =24mA 0.5
lozn_ i s | Vegax. [vo=zv e
Off-state cutout current, HZAR oy
'0ZL  igwtevel voltage acoived’ Vi =V max | Vo =0.4Y -2
“ vou :‘:&' el Ngg =MAXEY Ny=TV 0.1| ma
Hegh-evel
W L VEo=MAX,  Vi=2.TV 20| xA
e Low-ievel wout current VCC=MAX. viL =04V -0.2| mA
10s Short-croust autout current @ | VCC =MAX -4 -225| mA
Qutouts twgh Al 13 23
Voo =MaXx
g 21 6
icc Suwooly current QUiDiES low L5 h mA
Y G Outouts coen
A cul
Siatic LS 2 54
switching chacacterstics. Voo SV. TA 25C |
PARAMETER TEST CONOITIONS |MIN TYP MAX|UNT |
Propagetan delay hme. 9 . i
PLH ourtotaghrtevel cutout B |
Propagason delay Ume, Cy =45ofF . R =6870. 12 18] ns
PHL  non-to-towtevel outout See Note 7
tPZL  Outout erade time (o low level 20 0| ns
v tPZH_ Outout enatie ime 10 hegh level 15 23{ ns
Qutout ¢ sedle time
[H Fe]
PLZ  yrom low tevel CL=%oF. R =667 -
Outz dsadke ome See Note 2
PHZ  from hegn bevel 0 i) s
;‘- 1t For conabons shown 2s MIN or MAX. use (he 200rGON3t0 vaks 306G fed undor cosratng
& $ AN tyocal vetuss ace at Voo =SV. T ST

@Mot more then one Gutpul should be shorted at a time. and durzhon of the Short-orcut Showld not exceed one 3econd.
NOTE 2 :losd orout and voltzge wave forms are shown on oeqs Fit.
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tw4393/74393 Dual 4—Bit Binary Counter
§— Schottky TTL Hgh- Speed TTL Low-Power Schottky TTL Standard TTL Low- Power TTL
3. e T Package 3 Package s Package ) Package . Package
F Device Device T ~——Device T T
B3 P cP MG e lclPiMi TP ICTPIMIG] P2 TYP® [oTaTi | Covice Tyee CiPm o
- T SNSW 193 Dor | walswsom el T wd L.l i
t__g, [ SNILST) LI OINDX SN1an 1IN R
(] L | ! IR
JARCHILD [ 1 T ==
: [ ! i
* ﬂl,OROLA T i 3
g | i
: 1.?»' . 1
HAEIPS :
124
5 QEHETICS i
THSMENS
+ ' l
ERYTSY l
{TACHI
= I‘II,S.}JB(SH‘ M1 S393 PO
¢ E’é‘o:\
D |
T0SHIBA ]
Electrical Characteristics SN541L.S393/SN74LS393 Pin-Assignment (Top View)
’?b:olma maximum ratings over operating free-air temperatuce range OUTPUTS
- 2 v —
ooty vortage, Voo ™ Opacatng freoor [ srsas | —s5T w 125C vec 24 CLEAR /204 208 20c 200" B
welttvorage - - - - ™V | Ttemoesranie range | seaacs 0T to 70T 14 13 12 11 10 9 8
gir Storege tempsraars range - =45T to 125T (D - .y T ——
ﬁ—“‘ recommended operating conditions L Ca Gs G Qo
: CLEAR
H B SNS4LS330 SN74LS390 |\ o Al
E- g MIN NOM MAX | MIN NOM  MAX
ooty vottage. VoG s LK SS|4rs s sz v
Srivel cuut current, Loy 100 ~400 | sA
Lpertrvel OUDUC current, b ¢ 1 mA
- A wout [] 5| o 25 X ;’
Ay, fooune 8 rout 0 2] o w] A
3 } A nout hegh o ow 20 20 C'f:“ Qe ac to
Soise widw, 1, B mout NGt or low 25 3 7 T T T 1
5 Clear_ngn ) 0
Do ractreslaie 3et0 lime, lsang 31 231 ns ! 2 3 4 5 6 7
Seaung Feewx Wmoecature, T4 —$5 125 [ | ¢ 1a CLE‘AR \l2a G  16c_ 1% , GnO
&«w electrical charactaristics over recommended operating CUTPUTS

¥ free-aic temperature range

Potitive logic: High input 10 clear resets all four
PARAMETER o

outouts low-

[ TEST Conomons t

[ M6 TYP T Max [umiT

' v 1% v

0.0] v Function Table Functional Block Diagram
VCC=MN, L= —itmA =15 v
VeomMN.  Vi=2v, w1 9 v COUNT SEQUENCE 04 pptilouTiur
Vi =0.8Y. lgy=-400ua | T (EACH COUNTER) LA - oa
VCC=MN, Veg=2v,
vcc—u v 10“- smA 3%y | Ot | OUTPUT
LS. L COUNT: CLEAR
Incut curent at Clear_ VCC =MAX, v(=1Vv 0.1 4QD Qc Qg Qa —_—
A asmum rout trout A e N o 0.2] 0 gt L L &
vortage fnout B O] ‘& 0.4 L L oL oH g jpttar ouTmuT
; f* Clear 2 2 YLANM L > =
M Hgevet mout current [ A VEC=MAX. vi=d.ev. 100 | ma d T
o ) 0 3 L L HH
Cloar 0.4 ¢V L Lol gF cLean
U Low—eve mout current | A VCC=MAX, Vi=2.1V (6| ma S iL H UL H
cc 1 —
8 i -2 6 'L H H L
= 5. 91 ouTeuT
1S Shortcrcunt outout curenc e Veg=MaX !i‘s‘_ Ly A0 o 7 L HHH o ac
[ sN14 | -2 - 100 8 'H L L 2 o
vy Swooty current Voo =MAX. See Note | { 15 26| ma : L
- ! T T S :H L L H ClEAA
,lre-Axoeuwu Qa - ! 25 s g o) H L H L
Hu . Tae25C { 2 v | Il H L HH
o |m 4 comme 04 * AN L 12 v oH L L o | m_ourrr
‘ S : I I3 !H H L H o
rom A to ot Qg RL = 2w "‘—W'ﬂ H T
; é\ OSSN L SRS -l IR 4 |
from Cloer 10 Amy outou . 24, 39 (s :5 | : : : :: CLEAR
cLean (7 mD g
‘393 DUAL 4-8IT BINARY COUNTER
MITE: 10C is measurad with sl autputs open. both dloar soos giowided fokoming momentary
Connection 1o L SV, and all other inputs grounded.
1The arrow indicaces that the lafling edge of the dock puise i wsed for reference.
:'v‘-w Count frequency- P X propagation dolay tima. Ngh- to-low-lovel output muﬂwmm doley time. low=10-ugh-level cutput
:'T"OA oulputs of the ° 390 are tested st 0L 16 mA plus the bt vaive: for b for the B input. This permuts drang the B8 input wite mantarreng (Wl fan-ou capabebity.
F'WM-MNGMAXAm"-woﬂ‘.wMW 4
4 A% tyomcal vaies we &t VoG s SV, Ta 2250

:‘“_'R"Mana‘pumhmdlllm
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