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ABSTRACT

This thesis presents the developement of the 4-users video conference system. It will
show each user video on a television. The video and audio of each user are shown in the real
time mode. This video conference system uses a telephone set to open the conference.

Moreover, it can use a microphone to meet.
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Tdsunsun1sAIuRUAISAAADAIN

X1 equ20H

X2 equ2lH

X3 equ22H

X4  equ23H

X5 equ24H
PA_1 equ25H
PATZ equ 26H
PB_1 equ27H
PB 2 equ28H
PA  equ 0AQOOH
PB  equOAOOIH

CON equ 0A003H

ORG 4000H

MOV SP,#07H

MOV DPTR#CON
MOV A,#80H

MOVX @DPTR,A

MOV DPTR4PA
MOV A #0FFH
MOVX @DPTR,A
INC DPTR



MOVX @DPTR,A
INC DPTR
MOVX @DPTR,A

MOV PA_1,40
MOV PA_2,40
MOV PB_1,#0
MOV PB_2,#0
MOV X240

AGAIN: MOV X1,#0
MOV X3,#0
MOV X4,#0
MOV X5,#0

MOV APl
ANL A#0FH

CINE A#0,NEXT!I
SIMP AGAIN

‘NEXT1: CINE A,X2,NEXT2
SIMP AGAIN

NEXT2: MOV XI1,A
MOV X5,A
XRL A,X2

MOV DPTR,#TABLE!
MOVC A,@A+DPTR
MOV RO,A

80



MOV AX1
MOV X2,X1

Al:

A2:

CLR C
MOV X3,#0
MOV X4,#8
RLC A
INC A2
INC X3

DINZ X4,A1

MOV AX3
MOV DPTR#TABLE2
MOVC A,@A+DPTR

MOV X4,.A

MOV A,RO
MOV RO,#PA_I
ADD A,RO
MOV RO,A
MOV A X4
MOV @R0,A

MOV A,PA 2
SWAP A

ORL A,PA_l
MOV DPTR,#PA
CPL A

81



32

MOVX @DPTR,A

MOV APB 2
SWAP A

ORL A,PB_I
MOV DPTR,4PB
CPL A

MOVX @DPTR,A

MOV AXS
CINE A#OFHNEXT
SIMP §

NEXT: SIMP AGAIN

. TABLEI: DB 0H,0H,1H,0H,2H,0H,0H,0H,3H,0H
TABLE2: DB 0H,1H,2H,4H,8H,0H

END
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swmsgUnsaivevnesmugumsdszgudis Tnsawn
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qunsal VATGH S
C,,Cs 0.01 pF. 263
Cs 0.1 uF. 1673
Ry, Ry, Rs, 100 KQ 163
R; 30 KQ 147
Ry 56 KQ 1473
Rs 300 KQ 1673
X-TAL 3.57945 MHz 107
IC, MT 8870 147
IC, CD 4514 167
IC; 74LS04 1617
IC, 74LS79 163
IC; ULN2003 167
Relay 12 V. 2 Contact 197

swnsgnsaivetlesiadAudyImnIN

gunsel AVIUDT $1uu
Chilli - 31 8031 1 1K
Microcontroller Board
IC, - IC; ULN2003 347
Relay 12 V. | Contact 16 912
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swmsgUnsaiversHandyaondes -

gunsel Aviues $1M7u
IC, TA7137 1
D), D, 1N4148 287
L, LED 2 x 5 mm. 140
Ry, R, R, Rg, Rz 10 KQ 507
Ry, R3, Rs, Ry, Ryg 1 KQ 567
Ro 16 KQ 167
Rio 18 KQ 197
Ry 2KQ 1 7
R 56 KQ 142
VR;, VR, VR;, VR4 5KQ 497
VRs 10 KQ SW. 162
C,, Cs 4.7 uF. 16 V. pX e
C,, Cs 0.033 uF. 50 V. 29
Cs 30 pF. 1672
Cs 47 uF. 16 V. 167
Ce 100 uF. 16 V. 160
C, 3.3 uF. 16 V. 1 62
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510mM3gUnstivees VIR UMW
ginsel Aviues $112u
Ry, Rio, Rip, Riz 75 Q 447
R, 10 KQ 1673
R; 8.2 KQ 197
Rq 1 KQ 1673
Rs, Rs 180 Q 2873
Rs 3.3 KQ 1 73
R, 470 Q 1 73
Ry 56Q5W. 1 a2
VR, 22KQ 1 972
VR, 22KQ 1 73
Ci, C; 10 uF. 16 V. 267
C, Cs, Co 0:1 pF. 50 V. 36
C4, Cs, Cs 100 pF. 16 V. 3473
(o 470 pF. 25 V. 1673
D, IN4148 1 43
D, - D; IN4001 467
Q1, Q BC 574B 247
Qs BD 137 #50 BD 139 1/
IC, 7812 197
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semsgUnsalvearesuondyguden

87

gulnsal Avues DRITYY
R 680 KQ 167
C1,C 0.1uF 287
IC, LM1881 147
SOCKET IC 14 11 197

U4 o d [~1 o aa
swmigUnsaivesnesulasdygruneuiasniiudyyiuainea

gunsol Avives $1u7u
R, 5KQ 147
R, 1 KQ 1§
R;-Rs 100 Q 467
VR, 5KQ 167
Ci-Cs 0.2 uF 383
Cq 0.01 pF 147
Qi 2N4401 167
IC, CA3318 167
IC, 74245 167
SOCKET IC 20 91 167
SOCKET IC 24 11 142
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swmsgUnsalvonesHandy UM

ginsel Aviues ARITEYY
X-TAL (unuﬁai%) 20 MHz 167
IC, 741874 19
IC, 74L.S04 167

swmsgUnssivesesmIuauMsIHeudoyanimaniitsnus

sl AT $u
IC,,IC, 7415393 287
IC; 74LS32 167
IC, 74LS221 1 &2
IC; 74LS04 1@
ICs 74LS74 167
IC, 74LS30 197
C 0.1 uF 167
C,,C;s 0.33 uF 287
VR, 10 KQ 19
VR, 47 KQ 192
SOCKET IC 14 1 6 M2
SOCKET IC 16 11 a1
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$10M59UNT VDI INIVANMTTIUTBYANINDINHUWAINS

gunsal Avues S
IC,,IC, 7418393 26
IC; 741504 141
IC, 74LS30 167
ICs 74LS32 162
ICs 74LS08 167
IC, 74LS76 162
SOCKET IC 14 6 A2
SOCKET IC 16 1 1 62

510n15QUNTAUBIINVTNUIAIIUR

gunsal Aviues $1uau
IC,,IC; 62256 267
IC;,ICs 7415245 497
IC,,ICyq 7415257 8
SOCKETIC 16 1 8 A
SOCKET IC 20 %1 467
SOCKET IC 28 91 267
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swmiginsaiverisulasdyanuidaoaliuduaaueunden

gunsal Aviues $1M9u
Ry, Rs, Rs, Ry, Rg 2KQ 9 @7
Rll, RIB, RIS, Rl6
Ry, Ry, Re, Rg, Ryo 1KQ 797
RI2’ Rl4’
C 0.01 uF 167
IC, 7418245 1672
| SOCKETIC 20 1 141
s1MsgUnssiveIeTRANF YU
gunsal Aviues S
R, 10 KQ 167
R:, Ry 1KQ 287
R; 330Q KR!
VR, VR, 1KQ 267
VR; 22KQ 197
' C, 0.1 uF 167
C, 10 uF 14612
D, D, IN4148 267
Q 2N4401 162
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swn3UnsaiveINIsHANF Y IUFR

91

gunsal AvIues
Ri, R, 1KQ 287
of 20pF 162
C,, Cs 0.01uF 269
IC, 74LS04 147
IC, 7415193 1612
' 1C3, IC, 4040 2
 IC; 74Ls21. 147
1Cs 74LS00 147
IC, 74LS08 1A
ICs 74LS86 1A
X-TAL 6 MHz 1A
SOCKET IC 14 91 597

SOCKET IC 16 ¥
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N;\’ational Semiconductor

February 1965

LM1881 Video Sync Separator

General Description

Features
8 AC coup nput signad

The LM1881 Video sync separator extracts Grming ind

fon inciuding composite and vertical sync, burst/back porch
tming, and odd/even fleid information from standard nega-
tve Qoing syne NTSC, PAL®, and SECAM wdeo signala with
ampiitude from 0.5V 10 2V p-p. The integrated crcult is also
capabie of prowding Sync separadon ior non-standard, last-
¢f horfzomai rate video signsis. The verdcal output is pro-
duced on the neng sdge of the first serretion in the vertcal
sync penod. A delauht vertical cutput i9 proouced after s
Smae detay i the nsing edge mentioned sbove does not oc-
cur within the externally set detay penod, such 83 might be

Connection Diagram
LMTBOIN

» > 10 kf} inpest resistance

8 <10 mA power supply drain current

® Composits sync and vertical outputs

u Odd/even fleld output

® Burst gate/back porch cutput

® Horfzontal scan rates 10 150 kHz

w Edge lriggered verical ouput

& Delaw: tiggerod vertical output (or non-siandard video
signst (video games-home computers)
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SYNC oUTPUT
0.t of

courosite
woto mmr°_“— ?

YERTICAL 3
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SYMC QUTPUT

Yee

000/EVIN QUTPUT

9.1 uf
CAL .
sern
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O ourpur

sy

| | |

courosiic "L L
SYNC OUTPUT

|
| [ O O

VEATICAL

ST QUIPUT |

BURST OUTPUT u u u

000/ CvIN

oureuT

Order Number LM1831M or LM1881IN
See NS Package Number MOSA or NOIE
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Absolute Maximum Ratings

11 MiNtary/A pecified d are required, Slorage Temperanure Range ~85Clo +150°C
please the 5 Saies €50 Susceptibilty (Note 2) 2%v
Office/Distributors for avallsbifity and specifications.
Soldaring intormation

Suppty Vottage el Ouak-in-Line Peckage (10 sec.) 260
Input Voltage 3Vpp (Ve = V) Smeat Outing Packege

8Vpp (Ve 2 6V) Vaper Phasa (60 sec.) 215°C
Output Sink Currents: Pins 1,3, 8 SmA Infrared (15 soc.) 220C
Outpra Sink Current: Pin 7 2mA See AN-450 ~Surtace Mounting Methods and their Eifect on
Package Disspation (Note 1) 1100 mw Proax::’ﬁdhbmr' for other meihods of soidertng surface
Operasng Temperature Range oC ~ 70°C

Electrical Characteristics
Vee = SV Rset = €80 k2: T, = 25°C: Uniesa Otherwise specified

. Tested Design Units
Parameter Conditions T Umit(Noted)  Umit(Noted)  (Limita)
Suppty Current Outputs stlogict  Veg = 5V 5.2 10 mAmax
Veo = 12v LK} 12 mAmax
OC input Voitage Pin2 8 1.3 Vmin —
) 1.8 Vmsx
Input Thveshold Valtags Note 5 [1]
10
; § L1]
inprt Otscharge Current Pin2:Viy = 2V " 8
18
input Clamp Charge Current Pin2; Vin = 1V 08 0.2
Rggr Pin Aeterence Voltage Pin 6; Note 6 1.10 Vmin
1.22
133 Vmax
Composite Sync. & Vertical tour ~ €0 pA; Veg = 5V a5 0 Vmin
Outputs Logic 1 Veg = 12V 1.0 Vimin
oyt = 1.8 mA Vee = 8V 16 24 Verin
Logc 1 Vee = 12v 10.0 Vmin
Burst Gate & Odd/Even tout = 40 pA; Ve = SV <5 40 Vmin
Oulputs Loge 1 Veg = 12V 11.0 Vmin
.c_amms»,m.mmq lout = ~1.8mA: Logic 0: Pin 1 R 02 - 08 Vmax
Verticat SynA;_C_Mp\.n‘ fout = =1.8mA: Logic 0; Pin3 0.2 08 Vmax
Burst Gate Output ) oyt = ~1.86mA Logic 0: Pin§ 0.2 0.8 Vmax
Odd/Even Output lQut = — 1.8 mA: Logic 0; Pin 7 0.2 08 Vmax
Vertical Sync Width 220 190 nsmin
. ) 300 pamax
Burst Gate Width 27%0t rom Pin 5 lo Voo ’ . 25 pamin
A B 4.7 nsmex
Vertical Defauit Time Note 7 s 32 pamin
- . . - ” m
Mot 1 For c0weion » ambant LemOsreires sbove 19°C, 1he device must be e 150°C and 8 pachage tharme

romsiarce of 110° W, unceon 0 amoment.

Nete T ESO avacesstaly (est USes e “DUMan BOeY sudel, 100 oF dachurges Breugh o 1.5 () repstar”.

Note & Trpcan e ot T) = 73°C an reprveant T #ust Suly parameng rawn.

Wote 4 Tesied Lywts are Guarantesd 19 Masonar's AGCL tiversge Quiguey Cuatly Lavel.

Nute & Redstve @itarence detawen 10 Nl CLIP WrEgE and 1w Fuwhin FYl TOANS with Sramxws & honzents! outset JUfse.
mucmmmum-mmm—ummnm—ﬁl.llnnhnlgnnvnl
Nete 7 Osiay e Detween $3 start Of varSCal Ty (3t wwas) 8 S0 Soracal CUISUE Buloe.
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Typical Performance Characteristics
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Application Notes
The LM1881 is gned 10 strip the sy signaty
from composie video sources that are in. or sumtar o, the
N.T.S.C. format. input sxnals with posstive polanty video (in-
Cressng signal voilage signities increasing scane bright.
ne13} from Q.5V (p-p) B 2V (p-p) can be

from between 40 ns 1o 23 much as 200 ns due 10 this fiter,
This much celay will nol usually be sigreficant but it does
mbmmummmmmw
nal processing. Since the original video may also undergo

Tha LM1881 coerates from & singie supply volsge between
SV OC and 12V OC. The only requred extemal components
bemde power supoly snd set curTent decoupling are the in-
put coupling capaciior and a single resisior that sets intemal

g. he need for tme delay comection wil depend
mnwmmmmmm.
VERTICAL SYNC OUTPUT

A verical sync output is derived by intemally integrating the

curent levels, ailowng the LM1B8T (0 be ach for
source signals with line scan frequencies differing from
|17:4W;memwnmmmm
ue sync k g both and vertical
m&rﬁqﬂmnﬂmnvs‘ummwamwh
or back porch clamp puise: and an odd/even cutut The
Odd/ even output level idantifies which video field of an inter.
laced video source is present at the nput. The outputs irom
the LM1881 can be used teqm-ham-o camers/VTR
signais with ¢ of video
fieids lor memory skrage, recover nwtus.d or contami-
nsted sync signals, and provide tming references for the
extraction of coded or uncoded data on seaic viCeo sCan
Bnes.

To better understand the LM1881 timing information end
e typs of signais that are used. refer to Spure 2(a~e)
which shows a portion of the composite video signal from
the end of one feid tvough the beguing of the next field.
COMPOSITE SYNC OUTPUT

The composite sync output. Figure 2(D), Is simply a repro-
duction ot the signal betow the video
black level, with the vwdeo compietely removed. This s ob-
taned by clamomg the video signal sync tips to 1.5V OC at
Pin 2 and using & comparator fiweshold set just above this
voitage 10 strip the sync signal, which is then buffered out 10
Fn 1. The from the sync tiprs
namlnylomvmmensmlllormmw
level of 0.5V (p-p). the clipping level Is cloas 10 the naltway
mmmomm-m(mﬂwm«m
kne on Figure 2(s) ). This
dent of the signal ampittude, thersfore, larle(w)hM
NM!Mocqnnu'solmmwnuw‘

e (Foure J). To understand the
generation of the verical sync putse, refer io the iower ieft
hand secon Sgure 2. Note that there are two comparsions

in the section. One 0 has an
anwv;mmmdu&mm
par voitage refer-

m-wnv,mumdmmeonmm
MlmMﬂMqum
from the intemal inlegy The intemal inteqr

hmmmm-msﬁn&fﬂu@dm
from the input side of the composite sync bulter and are
positive going sync puises. The capadiior Lo the integrator
bwmu'oww|u|.mmmwh
se1 by the vaiue of the extemsi resistor Ay, The cutput of
the inlegraior it going 10 be at & low voltags during the
normasi fines the integr hes & very
shorl time 10 charge the capacitor, which ls during the hor-
ontal sync period. The equalizstion puises will keep the
output voitage of the integrator st about the same lavel,
beiow the Vy. Dunng the verncal sync period the namow
going positive puises shown in Figure 2 Is called the serra-
tion prise. The wide negative portion of the vertical sync
period is cafled the vertical sync puise. Al Iha start of the
vertical sync period. before the first Serration puilse cccrs,
the > now ges the to 8 much higher
vollage. At the first serration puise ihe integrator outpant
should be between V; and V. This would give a high level
2t he output of the comparaior with V4 as one of ita inputs.
This high I3 clocked inlo the “0™ Mip-flop by tha faiing edge
of the serration puise (remember the sync signal ls invenied
in this section of the LM1381). The “Q" output of the “D~
fp-fiop goes tirough the OR gate. and sots the RIS Mip-
flop. The output of the R/S flip-lop enables the internal
and aiso clocks the ODD/EVEN “D” fip-Gop. The

tude, The charging current for the input 9
olmmnumasmmmnwnuw‘-
cafty. This afiows relatively smafl capscrior values 10 be
used—O0.1 pF Is genersily recommended.

Normatly the signef source for the LM1861 I8 assumed 1o be
clean and retatively norse-iree, but some sources may have
€XCesIve video peaking, causing Noh frequency video and
chroma components to extend beiow the blacx level refer-
ence. Some video discs keeg the chroma burst puise pres-
ent ot he vertica by ) penod 30 that e burst
actuaity sppears on the sync lips for three line penods k-
stead of at dlack lavet. A clean composte sync sgnal can
be generated irom theso sources by fitering the Ingut sig-
nal. When the sowce impadance is low, typically 750, a
620 resistor in senes wih the sowce and a 510 pF capac-
lor 1o ground welt form & low pass [ler with & comer fre.
quency of SO0 kHz This b. %dth is more than 10
pass the sync puise portion of the wavefonm; howsver, any
subcarier content in the signal will be atemsated by smost
18 08, -nmmnwmmuw

“intemal going to the

ODO/EVEN fleid puise operation is covered in the next sec-
ton. The ouput of the oscillator goes 10 a divide by 8 cirouit,
thus reseting the R/S fip-flop after 8 cycles of the oscile-
tor. The h ot the L] by the
and the ]
Ayer The “Q” cueput of the A/S Mo.fiop goes 10 pin 3 and s
the actus! verdcal sync outout of the LM1801, By clocking
the "D” fip-flop &t the start of the first semation puiss
meens that (he vertical sync output puise starts at this polnt
in time and tasta for eight cycles of the intemal oscifiator ae
shown in Figure 2.

How Ry attects the imegrator and the intemat cacilisior is
shown under the Typical Performance Characterisécs. The
et graph It "Ry, Vatue S vs Vevtical S
Pulse Separation™, For this graph to be valid, Me verdes
SYNC puisa should last for st least 85% of the horfzontat hett
#ne (47% of a tull horzorrtat (ine). A vertical Sync puise from
any standard should meet this requirement; both NTSC snd
PAL do mewt this requirement (the saretion puise is the
of the period. 10% o 15% of the hortzontal

Fitering w3 ats0 heip i the source is
hermal nowe. The owput willl b
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Application Notes (conimen
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Appilcation Notes icontruen

het fine). Remember this puise is & potive puise st the
integrator but negative in Figure 2, This graph shows how
iong o Lakes the integralor to charge its internal capacitor
ove V.
WITH Ryy 100 targe (e charging cumrent of the inlegrator
wilt be t00 smait to charge the capacitor above Vy, thus
thers will be no vertical synch outpt pulte. As mentoned
2DOve, Ryge 4130 3413 (NG frequancy of the intemal csaliator.
1 the oscalaser runs 100 (st (ta exght cyciss wil be shoner
than the vertical sync portion of the composite sync, Under
Whis condition gnother vertical sync pulse can be generated
on one of the tater serration puises after the divide by 8
crcut resets the R/S flip-fiop. The first graph 8iso shows
e mirEmum Ry, necessary (0 prevent a double vertical
pulse, assuming that the serration pulses 1ast for only three
full horizontal line perods (six seraton puises tor NTSC).
The sctusl putss witth of the verdcal sync pulse I3 shown in
the “"Vertical Puise Wiiih vs Ry graph. Using NTSC as an
axample, ets see how these two graphs relaie 10 esch oth-
er, The Horizontat fine |9 64 n3 long, or 32 us for 8 hortzon-
3 heit fine, Now round this off 10 30 ks, In the “Rye Value
vs Verticat S Puise S: ¢raph the
mindmum resior value for J0 us serration puise separation
Is about 550 k1. Going 10 the “Verical Pulss WIdth vs R,,,"
graph one Can see¢ that S350 kN gives a verical puise wisth

of about 180 us, the total Tme (or the verticel syne pertod of -

NTSC (3 honzontal fines). A 550 xit will set he intemal
osciffator to a frequeancy such that ewght cycles gives a time
of 180 ps, just long encugh 1O prevent a double vertical
SyNC puise at the vertical $ync output of the LM1881.

The LM1881 atso generates a default vertical sync puise
whan the vertical sync period I3 unusuatly long and has no
serraton puises. With a very long verticat sync time the mnte-
grator has dmae o charge ity internal capaclior sbove the
vollage jevel V4. Since there i no !aling edge at the end of
2 serraton puise o clock ihe “D™ Mip-fiop, the omy high
signel going to the OR gate is trom (he defauit comparator
when outprt of the integretor resches V. Al this nme the
R/S fMp-iop 13 toggied by the defautt comparator, staring
the verticsl sync puise at pin J of the LM1881, it the defautt
verncel sync pariod ends betore the end of the inpal vertical
Tyne period, then the fafiing edge of the vertical sync (posie
tive puise at the D" Rip-fiop) will clock the high output irom
the comparator with V¢ a3 a relerence input. This will retrig-
gov the oscilistor, gonerating a second vertical sync outout
puise. The “Vertical Default Sync Dolay Time vs Ryg"
graph shows the refationship betwesn the Ry, value and
the deigy thme from (ha start of the venical sync period be-
lors the default vertical sync puise Is generated. Using the
NTSC example agan the smallest ressior for Ry is 500
kil The vertical delault time deisy s sbout 50 pa. much
longer than the 30 s semrstion pulse spacing.

A common question s how can one he

Sync Delay Time v Ryy” graph (o select the necessary
Fset 10 give the desred deiay time for The vertcal sync o
put signatl. If 2 sscond puise is undesirable, then chack the
“Vervcal Pulse Width vs Ryyy” graph (o maks ture the vert-
cal ouput prise witt extend beyond the end of the ingut
vertcal sync period. In most systems the end of the vertcal
Sync period may be vary accurale. in this case the prefared
design mgy be 10 start the vertcsl sync puise at the end of
e verdcal $ync period, similar 10 staring the venical sync
puise afier the first sarraion puise. A VGA standard ts to be
used 83 an exampie (0 Show how this ks done. In this stan-
dard a horizonts] Ine i3 32 us long. The vertical sync period
Is two horizontal Ines fong, or 64 us The vertical default
sync delay time must be longer than the vertical sync per-
0d of 84 us. In this case Ryg Mmust be larger than 680 kN
Aot fTesst stil be smas encugh for the output of the bregs-
tor 10 reach Vy before the end of the vertical period of the
input puise, The first graph can be used to conflrm thet Ry,
la smafl anough for the integraior. instead of using the vers.
cat serration puise separation, use the sctual pulse width of
the vertical sync period. or 64 u3 in this example. This graph
is fnegr, meaning that & value as large 88 2.7 MN can be
used for Agy (twics the vatus as the maxmom at 30 ps).
Oue 10 feskage currents i Is advissbie 1o keep the value of
Aygr under 2.0 MR In this example 3 value of 1.0 MN is
Setected, well above the minknum of 880 kL. WIth this vaiue
(o7 Ryqq the puise width of the vertics! sync output putse of
the LM1881 [s about 340 pa.

ODD/EVEN FIELD PULSE

An uusual festure of LM1881 Is an outout level irom Pin 7
that identfles the video fleid present at the input lo the
LM1881. This can be uselul in frame memory storage appt-
cations or in extracting lest signais that ocour only in afler-
nate fields. For a composite video signel that s interlaced,
one of he two fields thal make up each video frame or
picture must have s haif honzrontat scan ine pariod et the
end of the vertical scan—i. e.. at (he botlom of the picture.
This is cated the “oad Neid™ of “fleid 1. Tha “even field™
or “fleld 2" has a comotete honzontal scan line st the end of
the field, An odd fleld stants on the leading edge of the frst
equaliring puise, wheress the even figid starty on the leed-
Ing edge of the second equalizing puise of the vertical re-
ace interval, Figure 2(a) shows (he end of the even fleld
and the start of the odd fleid.

To detect the odd/even fleids the LM1881 again integrales
the composile sync waveform (Figure J). A capscitor s
charged during the period Delween syn¢ puises and dis-
charged when the sync puise is present, The period be-
tween normal horizontal sync pulses is enough 10 aliow the
capacitor voitage to reach a leveiof a

that clears & flipfiop which i3 ais0 being clocked by the sync
wavetorm. When the vertical interval is resched, (e shoster

Alyqr with & video timing standard that has no sergdon puls-
€3 dunng the verticat blanking. if he delaull vertical sync Is
0 be used (Mis is a very sasy tasic Use Lhe “Vertical Oefmsit

o tme g puises this
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Applicatlon Notes contnvea)

theashold irom being reached and the Q ouiput cof the ffp-
fop is toggied with sach equaitzing puise. Since the haif ine
penod at the end of the odd field wilt have the same effect
28 an equalizing puite panod. the Q output wit have o Etfer-
ent potanty on successive fiskis. Thus by comparing the Q
polanty with the vertical cutput puise, an odd/even figid In-
dex is genersted. Pin 7 remamns low during the even field
snd high during the 0ad Netd.

BURST/BACKPORCH OUTPUT PULSE

in a composite video signal, the chroma burst s locatad on
the of the g period. This period,
apprommaiety 4.8 us long, Is aiso the black ievel reterence
for the subsequent video scan kne. The LM128t generates
A puise ot Pin S that can be used either 10 retrieve the chro-
ma burst from the composite video signat (thus providing
subcamer Synchronizing signad) or as a clamp for the OC
restoration of the video wavefonm, This cuipt is obtained
simply by charging an intemat capeciior starting on the val-
ing ecye of the horizontal sync pulses. Simuitanecusly the
oulprrt of Fin 5 is pulled low and heid untl the capacitor
chergo circult mes out—< s later. A shorter output burst
gale puise can be derived by diiferentating the burst output
using a senes C-A netwark. This may be necessary in appik
cationy which require high horzontal scan rates in combing-
0N with NOnMal (60~ 120 H1) venical scan rates.
APPLICATIONS

Apart from extracting 8 composite sync signal free of video
Information, the LM1881 outputs sifow a numbier of interest-
Ing 10 be deveioped As sbave, the
burst gate/backposch ctamo puise sflows OC restoration of
the ongwal video waveform lor display or remodulation on
an A.F. camer, and retrievat of the color burst for color syn.
chronizafion and decading into A.G.B. components. For
framae memory storage appicatons, the odd/even feid lev.
ol aows of the spprop feld g the
correct read of writa sequence. The vertical puise output is
pardcuiarty usatul since it begms at & precise time—ihe ris-
ing edge of the first vertical in the sync

This means that individual lines within the vertical disnking
panod (or arywhere in the active scan iine period) can easi-

ly de by g he oumber of tran.
sitons mn the sync g the start of
the vertical outpant praise.

The verfical bianking interval is proving pooutar as a means
fo trangmit data which will not sposar on 8 normat T.V, re-
cenver screen. Oala can be inserted beginvang with line 10
(the first hortzontsl scan tine on which the color burst sp-
pesrs) theough (0 kne 21, Usuatly ines 10 trwough 13 sre
not used which leaves tines 14 Bvougn 21 for inserting sig-
nsis. which may be different trom Reid 1o feid. In the U.S.,
ine 19 {3 nommatly reserved ior a vertical interval reference

signal (VIAS) and ine 21 is reserved lor closed capdon dats
for the hearing impared. The remeiing lines ore used In 8
mc«mmnmtlnmmm
studo processng o add and detets vertical Interval test
signats (VITS) white lines 14 through 18 and fine 20 can be
used lor Videotax/Telatext dats. Several istituions are
proposing (0 ransmet fingncial data on ine 17 and cable
systems use Ihe gvalabls Ines In e verrcs Intervel to
send g data for

Since he vertcal outout puise from the UMT831 coincides
with the leading edge of the first vertical serration, sixtwen
positive Of negative transitions tater wil be the start of fine
14 in esher fleid. At thig point simpie counters can be uses
o setect the dusired Sne(s) lor insenion or detetion of data,

_VIDEOQ LINE SELECTOR

Tmum‘!hﬁgznlpuuuunmmhm
lo e binary coded information sppiied to Mne gelect bits
00-d7. A Ine is seiecied by 2dding two 1o the desired ling
W.munmmumcmamm
reslt 1o the fine seiect inpuis. The falfing edge of the
UM1681°s vertical puise ts used to load the sporoprste
umber INo the counters (MM74C19IN) and fo sat a start
count latch using two NAND gates. Composfie sync tran-
#tions ere counted using the borrow out of the desired num-
ber of counters. The final borrow out puise is used 10 hurn on
the aneiog switch (CO40668C) during the deswed lina. The
{ating edge of this signel &is0 resets the start count tawch,
therety tarmunating the counting.

The cirtul, as shown, will provide a singte ine outowt for
eacn fleid In an interaced video system (television) or a
single Kne output in each frame for & non-ntaraced video
system ( When a ¢ ine mn onty
one fleld of an interlaced video sgnal is deswed, the odd/
even field Index output must be used Instesd of the vervcal
output puise (irvert the field index cutput to select the odd
Reid). A singte counter is needed for seiecting bnes 3 to 14;
two counters are needed lor setecting fines 15 to 25%; and
three counters witl work lof up 10 2046 fines. An ourput butl
o i3 cequired 10 drive low impedance loads.

MULTIPLE CONTIGUOUS VIOEO LINE

SELECTOR WITH BLACK LEVEL RESTORATION

The circult in Figure S will seiect & numbor of adioining ines
staning with the #ne a3 In ihe pr

Addionsi counters can be added as descnbed previously
lor ether higher starting line numbers or an iNcreased mam-
ber of contiquous output Bnes. The beck porch pulae outpul
of the LM1861 is used (0 gate the video mput's biack levet
tough & low D233 ffler (10 kML 10 wF) providing bisc kevel
festoraion st the video oulout whan he ouput setected
lne(s) i3 not beng gated through.
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Typical Appfications
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LM1881 Video Sync Separator

Physical Dimensions inches (mitmeters)

UFE SUPPORT POLICY
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CA3318C

CMOS Video Speed
8-Bit Flash A/D Converter

Features

* CMOS Low Power with SOS Speed (150mW Typ.}
Parailel Conversion Technique-

15MHz Sampling Rate (67ns Conversion Tima)
8-8it Latched Tri-State Qutput with Overflow Bit
+1 LS8 Accuracy (Typ.)

Single Supply Voltage (4V to 7.5V)

2 Units in Series Allow 9-Bit Output

2 Units in Parallel Allow 30MHz Sampling Rate

Applications

+ TV Video Digitizing (Industrial/Security/Broadcast)
High-Speed A/D Conversion

Ultrasound Signature Analysis

Transient Signai Analysis

High Energy Physics Research

High Speed Oscilloscope Storage/Display
General Purpose Hybrid ADCs

Optical Character Recognition

Radar Puise Analysis

Motlon Signature Analysis

uP Data Acquisition Systems

.

Description

The CA3318C is a CMOS paraliel (FLASH) analog-to-digital
converter designed for applications demanding both low
power consumption and high speed digitization.

The CA3318 operates over a wide full scals input voltage
range of 4V up to 7.5V with maximum power consumption
depending upon the clock frequency selected. When oper-
ated from a 5V supply at a clock frequency of 15MHz, the
typical power consumption of the CA3318 is 150mwW.

The intrinsic high conversion rate makes the CA3318 ideally |
suited for digitizing high speed signals. The overflow bil
makes possible the connection of two or more CA3318s in
series to increase the resolution of the conversion system. A
series connection of two CA3318s may be used to produce a
9-bit high speed converter. Operation of two CA3318s in par-
allel doubles the conversion speed (i.e., increases the sam-
pling rate from 15MHz to 30MHz).

256 paralleled auto bafanced voltage comparators measure
the input voltage with respect to a known reference to pro-
duce the parallel bit outputs in the CA3318.

2355 comparators are required to quantize all input voltage
levels in this 8-bit converter, and the additionai comparator is
required for the overflow bit,

Ordering Information

(DIG. SUP.) Vg (12}

PART NUMBER LINEARITY (INL} SAMPLING RATE TEMPERATURE RANGE PACKAGE
CA3318CE +1.5L58 15MHz (67ns) -40°Clo +85°C |24 Lead Plastc DIP
CA3318CM £1.5LS8 15MHz (67ns) -40°C to +85°C 24 Lead Piastc SOIC
CA3318CD +1.5158 15MHz (67ns) -40°C to +85°C 24 Lead Ceramic OIP
Pinout

CA3318C (PDIP, COIP, SOIC)
TOP VIEW
wsey o1 1] [74] Van+ (ANA. SUP)
82 [7] B3] var
B3 [3] 2] Vegr+
84 [ [21] Vi
LHH j20]
a¢ [¢] (15] PHASE
87 [7] 18] cux
(MsB) B8 E [17] Vaa- (ANA. GND)
overrFLow [ 7] 116] Vi
114r 10| [15] Vage -
(DIG. GND) Vggq [TT] f1a] CE7

CAUTION" Thesa dewces are sensitive (0 electrostade cicname Users should follow proper | C Hanchng Procecures

Copyrgtt © Hams C. 1993

File Number 3103
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CA3318C
Functional Block Diagram
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Specifications CA33138C

Absolute Maximum Ratings

DC Supply Voltage Range (Vog of Viag#). .. ovvvets 0.5Vto +8V  Thammal Resistanca
(Referenced to Vgq of V,,- Termenal. Whichever is More Ceramic DIP Package...............
Negatve) Plastic DIP Packags .......

Ingut Voltage Range Ptastic SOIC Package eee
CE2andCET ......cvvvnevnnnnnnns Via- 0.5Vio Vop + 0.5V M Power Dissk
Clock, Phase. Vpgg -, I, Re( ......... Vaa: 0.5Vio Vo ¢ + 0.5V Operating Temperature Range (T) ......
Clock, Phase, Vage-. f(Rel.......... Vgs--0.5V 1o Vgp + 0.5V Junction Temperature
Vi 34 REF, Vpgp+ .. .....ue o Vaa-0.5Vio V.- ¢ 1.5V Ceramic Package

Output Vokage Range................. Vss - 0.5V1o Vg + 0.5V Plastic Package
Bits 1-8, Overflow (Outputs Off

DClinputCurrent ..........cccienieivninniinnin, veeen 220mA
Clock, Phase, CET, CE2. Vi Bis 1-8 Overflow

Operating Voltage Range (Vpg of Vag#) . ..... 4V Min to 7.5V Max

Recnmmndod Vaa* Operaﬂng Rlnqa ......... Voo 21V

Vaa-Op gRange ............... Vgg 21V

Sloraqe Temperature Rlnqc ................. £5°C 1o +150°C

Lead Temperature (Soldering 10s). .. ................. +265°C

CAUTION: Siresses above ihose kisted v "Absokrle Maximum Ratngs® may cause permanent damags fo the dewce. This is a stress only ratng snd operation

of the devece st these or any other conditions abaove those

Thermal Information

in the

of this

13 not imphed,

950 Oy
58°C/W 11°cw
60°C/W -
75°CwW -

............... ... 0.6TW
....... -40°C 1o +85°C
+175°C

+150°C

Electrical Specifications At +25°C, vy, + 2 Vo = 5V. Vagp+ = 8.4V, Vpge- # Vji- = Vgg, CLK = 15MHz,
Al Reference Points Adjusted, Unless Otherwise Specified.

PARAMETER ] TEST CONDITIONS | MmN Tve | max | uniTs
SYSTEM PERFORMANCE
Resolution 8 - - Bits
Integrai Lineanty Error - - t1.5 Ls8
Dillerenual Lineanty Error . - +1,-0.8 Ls8
Offset Error, Unadjusted Vin = Vpep- + 1/2LSB 0.5 45 6.4 LS8
Gain Error Unadyusted Vin = Vges* - 172188 -1.5 1] 1.5 Lss
DYNAMIC CHARACTERISTICS
Maximum Input Bandwidth (Note 1) CA3318C 2.5 5.0 . MHz
Maximum Conversion Speed CLK = Square Wave 15 17 - MSPS
Signat to Noise Ratio (SNR) Fg = 15MHZ, fy = 100kHZ . 47 - d8
» RMS Signal Fg @ 15MHZ, Iy ® AMH2 s 3 . a8
RMS Noise
Signal to Noise Ratio (SINAD) Fg = 15SMH2, [y » 100kHz . 45 - " d8
RMS Signat Fg = 1SMHZ, fpy = 4MHZ - 35 - dB8
RMS Naise+Distortion
Totat Harmonic Distortion, THO Fg @ 15MHz. f,, = 100kHz - -46 . dBc
Fg = 15MHZ, [y, 3 4MHZ . -36 . dBc
Efflectve Number of Bits (ENOB) Fg = 15MHZ, lyy = 100kH2 - 7.2 - 8its
Fg 3 15MHZ, lyy = 4MHZ - 5.5 - Bits
Differential Gain Error Unadjusted - 2 - %
OiHferential Phase Error Unadjusted - 1 - %
ANALOG INPUTS
Full Scale Range, Vi and (Vgg*) - (Vage-) Notes 2. 4 4 - 7 \
Input Capacitance, Vi, . 30 - pF
Ingut Curment, Ve, (See Text) Ving 3 5.0V, Vpgs+ = 5.0V - . 35 mA
REFERENCE INPUTS
Ladder Impedance | | 2r0 | se0 | e0 | @
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Specifications CA33138C

Electrical Specifications At +25°C, Va,* = Vg 2 5V, Vg + 2 8.4V, Vagp- = Vaa- = Vg, CLK = 15MHZ,

Afl Ref Points Adjusied, Unleas Otherwiss Specified. (Continusd)
PARAMETER 1 TEST CONDITIONS EL | e ] max ] uwiTs

DIGITAL INPUTS
Low Level lnput Voltage, Vg

Cer ce2 Note 4 - - 0.2Voo v

Phase, CLX Note 4 - - 0.2Vas v
High Levet Input Vortage, Vi, _

CElce2 Note 4 0.7Voo - - v

Phase, CLK Note 4 0.7Vau - - v
Input Leakage Current, J; (Except CLK input Note 3 - 0.2 25 RA
Input Capacitancs. C, - 3 - pF
DIGITAL QUTPUTS
Output Low (Sink) Current Vg = 0.4V 4 10 - mA
Qutput High {Source) Current Vo = 4.5V -4 -8 - mA
Tri-State Output Off-State Leakage Current, Iy, - 0.2 5 pA
Outout Canacttance. Co . 4 - pF
TIMING CHARACTERISTICS
Auto Batance Time (of) 3 - o ns
Sample Time (62) Nota 4 25 - 500 ns
Aperture Delay - 15 - ns
Aperture Jitter - 100 - ps
Data Vatid Time, Tq Note 4 - 50 1] ns
Data Hold Time, T, Note 4 25 40 - ns
Output Enable Time, Tey - 18" - ns
Qutput Disable Time, Tpyg - 18 - ns
POWER SUPPLY CHARACTERISTICS
Oevice Cusrent (g + 1) (Excludes lngg) Continuous Conversion (Nota 4) - 30 60 mA

Auto 8atancs (1) - 0 60 mA
NOTES. .
1. Afull scale sine wave inpul of greater than Fe; ocy/2 of the specified input bandwidth (whichever Is less) Mmay cause an eronecus code.
The -3dB b dth for {i Y purposes is greater than J0MHz,

2. Vi (Full Scale) or Vagp+ should not exceed V. + + 1.5V for accuracy,
3. The clock input is 3 CMOS inverter with a 50k feedback resistor and may be AC coupled with 1Vp s minimum sourcs.
4 Parameler not tested, but quaranteed by design or characterization.

Timing Waveforms

P, T DECOOED DATA IS SRIFTED
COMPARATOR DATA IS LAYFHEB oo T REGISTERS

CLOCK (PIN 18)
I PHASE (PIN 19)
1stLow

CLOCX IF
PHASE IS HIGH

=TSN

DATA DATA DATA
N-2 N-t N

FIGURE 1. INPUT TQ OUTPUT TIMING OIAGRAM
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CA3318C
Typical Performance Curves
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FIGURE 9. NON-LINEARITY vs REFERENCE VOLTAGE
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Typical Performance Curves (Continued)
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FIGURE 10. ENOB vs INPUT FREQUENCY
Pin Descriptions CHIP ENABLE TRUTH TABLE
PIN NAME OESCRIPTION CE1 CE2 B1-88 OF
——
1 B1 Bit 1 {LSB) Qutput Data Bits 0 1 Vaiid Vaiid
2 82 BR2 (High = Trus) 1 1 Tri-State Vand
3 B3 Bit3 X 0 Tri-Slate Tri-State
4 84 ait4 X = Don't Care
5 85 Bits
6 86 Bt 6 Theory of Operation
7 87 Bit7 A sequential parallel technique is used by the CA3318 con-
8 B8 Bit 8 (MSB) verter to obtain ils high speed operation, The sequence con-
3 OF Overfiow sists of (pe “Auto-Batance” phase, 0.1, _and. the *Sample
r r Unknown® phase, ¢2. (Refer to tha circuit diagram.) Each
10 /aR | Referenca Ladder '/, Point conversion takes one clock cycle*. With the phase control
" Vs Digital Ground (pin 19) high, the “Auto-Balance” ($1) occurs during the high
12 Voo Digital Power Supply, +5V period of the clock cycle, and the "Sample Unknown™ ($2)
3 CEZ | T7-Stats Oulput Enabie Input Adive |  0CCUrS during the low period of the clock cycle.
Low, See Truth Table. * The davica requires only a single phase clock The terminology of
T4 CEl Tr-Stato Oulput Enable Input Active ¢1 and ¢2 refers lo the high and fow periods of the same clock.
High. See Truth Tabte. During the “Auto-Balance™ phase, a transmission switch is
5 Vagr- Ref Volags Neg Tnput used to connect 'each o( the first set of 256 commutating
- capaditors lo their associated ladder reference tap. Those
16 Vin Analog Signal input tap voitages will be as follows:
17 Vaa- Analog Ground
ol Viap (N) = {(NF256) Vieg] - (1/512) Vigel
18 CLK Clock Input =[(2N - ')/5'2] VREF
19 PHASE Sampte clock phase control input. |
When PHASE is low. *Samole Un- Whera:
known" occurs when the clock is low Vap (n) = referencs ladder tap voitage at point n.
and “Auta Balanca™ occurs when the Vngr = vollage across Vpep- to Vep +
clock is high (see text). N = ap number (1 through 256)
: M
o 2R R“".m" Ladder Mdpaint The other side of these capacitors are connected to single-
21 Vae Analog Signal Input stage amplifiers whose outpuls are shorted to their inputs by
22 Vagr* Relerence Voltage Posive input switches. This balances the amplifiers at their intrinsic trip
FE) TR Referencs Ladder -/, Pomnt p?inls. w:lich is a;ﬁmximalelyh(\'/fM# - YM-)IZ. The first set
74 Vo Analog Pawer Suooly, <5V of capacitors now charges to their associated tap voitages.
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Al the same time a second set of commutating capacitors
and amplifiers is also auto-balanced. The balancing of the
second-stage amplifier at its intrinsic trip point removes any
tracking differences between the first and second amplifier
stages. The cascaded auto-balance (CAB) technique, used
here, increases comparator sensitivity and temperature
tracking.

In the “Sample Unknown® phase, afl ladder tap switches and
comparator shorting switches are opened. Al the sams time
Viy is switched to the first set of commutating capacitors.
Since the other end of the capacitors are now looking into an
effectively open circuit, any input voitags that differs from the
previous tap voitage will appear as a voltage shift at the
comparator amplifiers, All comparators that had tap voitages
greater than Vyy wilt go to a “high" state at their outputs. Al
camparators that had tap voitages lower than Vi will go to a
“low” state.

The status of afl these comparator amplifiers is AC coupled
through the second-stage comparator and stored at the end
of this phase ($2) by a latching amplifier stage. The latch
feeds a second latching stage, triggered at the end of 81,
This delay allows comparators extra settling time. The status
of the comparators is decoded by a 256 to 9-bit decoder
array, and the results are clocked into a storage register at
the end of the next o2.

A 3-stage buffer is used at the output of the 9 storage regis-
ters which are controlled by two chip-enable signals. CE1
will independently disable B1 through B6 when it is in a high
state. CE2 wiit independently disable 81 through 88 and the
OF buffers when it is in the low state.

To facifitate usage of this device, a phase control input is pro-
vided which can effectively complement the clock as it enters
the chip.

Continuous-Clock Operation

One complete conversion cycie can be traced through the
CA3318 via the following steps. (Refer to timing diagram.)
With the phase control in a “low” state, the rising edge of the
clock input will start a “sample” phase, During this entire
“high” state of the clock, the comparators will track the input
voltage and the first-stage latches will track the comparator
outputs. At the falling edge of the clock, alt 256 comparator
outputs are captured by the 256 latches. This ends the “sam-
ple” phase end starts the “auto-batanca” phase for the com-
parators. During this “low" state of the clock. the output of the
latches setiles and is captured by a second row of latches
when the clock returns high. The second-stage latch output
propagates through the decode array, and a 9-bit code
appears at the O inputs of the output registers. On the next
falling edge of the dock, this 9-bit code is shifted into the out-
put registers and appears with titme delay ty as valid data at
the output of the tri-state drivers. This also marks the end of
the next “sampie” phase. thereby repeating the conversion
process for this next cyde.

Pulse-Mode Operation

The CA3318 needs twd of the same polarity dock edges to
complete a conversion cycle: i, for instance, a negative
going clock edge ends sample “N”, then data “N" will appear
after the next negative going edge. Becauss of this require-
ment, and because thers is a maximum sample time of
500ns (due to capadtor droop), most pulse or intermitient
sample appfications will require double clock pulsing.

If an indefinite standby state is desired. standby should be in
auto-balance, and the operation would be as in Figure 3A.

if the standby state is known to last less than 500ns and low-
est average power is desired, then operation could be as in
Figure 3B.

Increased Accuracy

In most cases the accuracy of the CA3318 should be suffi-
clent without any adjustments. In applications where accu-
racy is of utmost importance, five adjustments can be made
to obtain better accuracy, i.e., offset trinw; gain trimy; and Y/,
'1, and 31, point trim.

Offset Trim

in general, offset correction can be done in the preamp cir-
cuitry by introducing a de shift to Vi or by the offset trim of
the op amp. When this is not possible the Vper- input can be
adjusted to produce an offset trim, The theoretical input voit-
age to produce the first transition is '/, LSB. The equation is
as follows:

Vin (0 to 1 transition) = '/, LSB = '/ (Vage/256)
= VREF/512

If Vi for the first transition is less than the theoretical, then a
single-tum 5002 pot connected between Vagg- and -ground
will accomglish the adjustment. Set Viy to 172 LSB and trim
the pot until the O-to- 1 transition occurs.

i Viy for the first transition is greater than the theoretical,
then the 5002 pot should be connected between Vpee- and a
negative voltage of about 2 LSB's. The trim procedura is as
stated previously.

Gain Trim

In general, the gain trim can also be done in the preamp cir-
cuitry by introducing a gain adjustment for the op amp. When
this is not possibie, then a gain adjustment circuit should be
made to adjust the reference voitage. To perform this trim.
Vin should be set to the 255 to overflow transition. That vol-
age is '/ LSB less than Vper+ and is calcutated as foflows:

VN (255 lo 256 transition) = Vper < VRee/512
= Vpep(511/512)
To perform the gain trim, first do the offset trim and then

apply the required Vp, for the 255 to overflow transition. Now
adjust Vrer + until that transition occurs on the outputs.
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+10VTO 30 >t .
INPY
3. 'I‘-= 180
1 ———M—I
] o VREF*
CAI08SE > o2
8| (NOTE 1)
47 K3, .
10T cw 4.TuF,
b TANROV
100F, TAN +
(NOTE 1) &
1.6K 3
h——4 4 —

NOTE: Bypass Vpgp+ t0 analog GNO near A/O with 0. 1uF ceramic
cap. Pans noted should have low temperature drift.

FIGURE 11, TYPICAL VOLTAGE REFERENCE SOURCE FOR
ORIVING Vpgs+ INPUT

'1, Point Tims

The ', '3 and 3/, points on the reference ladder are
brought out for linearity adjusting or if the user wishes to
create a nonlinear transfer function. The '/, points can be
driven by the reference drivers shown (Figure 12) or by 2-K
pots connected between Vpep+ and Vpgg-. The '/, (mid-)
point should be set first by applying an input of 257/512 x
(Vrer) and adjusting for an output changing from 128 to 129.
Similarly the '/, and ¥, points can be set with inputs of 129/
512 and 385/512 x (Vper) and edjusting for counts of 192 to
193 and 64 to 65. (Note that the points are actually */,,'l,
and ¥/, of full scale +1 LSB.)

v s100 *10V 70 +30V
REF® o Ay
(PIN 22)
. -3 y4 REF
1 (PIN 23)
> s

1K 7 oa 112 REF
o1 P w4 {PIN 20)

1K < 10 R 100
3 114 REF
for 1:]‘ w4 (PN 10)

st

NOTES:
1. AR Op Amps = 3/, CA324E
2, Bypass alt referenca points to analog ground near A/D with 0, iuF
ceramic caps.
3. Adjust Ve, first, then ', ¥, and '/, points.

FIGURE 12. TYPICAL 1/4 POINT DRIVERS FOR ADJUSTING
UNEARITY (USE FOR MAXIMUM LINEARITY)

9-Bit Resolution

To obtain 9-bit resolution, two CA3318s can be wired
together. Necessary ingredients include an open-ended lad-
der network, an overflow indicator, trl-state outputs, and chip-
enable controls—all of which are available on the CA3318.

The first step for connecting 2 9-bit circuit is to totem-pole
the ladder networks, as ilustrated in Figure 13. Sinca the
absolute resistance value of each ladder may vary, extemal
trim of the mid-reference voitage may be required.

The overtiow output of the lower device now becomes the
ninth bit. When it goes high, all counts must come from the
upper device. When it goes low, alt counts must come from
the lower devica. This is done simply by connecting the
lower overtlow signal to the CE1 control of the lower A/D
converter and the CE2 control of the upper A/D converter.
The tr-state outputs of the two devices (bits 1 through 8) are
now connected in parallel to complete the circuilry. The com-
plete circuit for a 9-bit A/D converter is shown in Figure 14.

Grounding/Bypassing

The analog and digital supply grounds of a system should be
kept separate and only connected at the A/D. This keeps
digital ground noise out of the analog data to be converted,
Reference drivers, input amps. reference taps. and the Vy,
supply should be bypassed at the A/D to the analog side of
the ground. See Figure 15 for a block diagram of this con-
cept. All capacttors shown should be low impedancs 0.1uF
ceramics and should be mounted as close to the A/D as pos-
sible. If Voo + is derived from Vgg, a smalf (1012 resistor or
inductor and additional filtering (4.7uF tantalum) may be
used to keep digital noise out of the analog system.

input Loading

The CAJ318 outputs a current puise to the V,, terminal at
the start of every sample period. This is due lo capacitor
charging and switch feedthrough and varies with input voit-
age and sampling rate. The signal source must be capable
of recovering from the puise before the end of the sample
period to guarantee a valid. signal for the A/D to convert.
Suitable high speed amplifiers inciude the HA-5033,
HA-2542; and CA3450. Figure 16 is an example of an ampii-
fier which recovers fast enough for sampfing at 15MHz.

Qutput Loading

The CMOS digital output stage, although capable of driving
large loads, will reflect these loads into the local ground. Itis
recommended that a local QMOS buffer such as
CD74HC541 E be used {o isolate capacitive loads.

Definitions
Dynamic Performance Definitions

Fast Fourier Transform (FFT) techniques are used to evaluate
the dynamic performance of the converter. A low distortion sine
wave I3 applied to the input, it is sampled, and the autput is
stored in RAM. The data is then transformed into the frequency
domain with a 4096 point FFT and analyzed to evaluate the
dynamic performanca of tha A/D. The sine wave input (o the
partis -0.5dB down from fuilscale for ail thess tests.
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Signal-to-Noise {SNR)

SNR is the measured RMS signai to RMS noise at a speci-
fied input and sampling frequency. The noise is the RMS
sum of all of the spectral components except the fundamen-
tai and the first five harmonics.

Signal-to-Noise + Distortion Ratlo (SINAD)

SINAD Is the measured RMS signal to RMS sum of all other
spectral components below the Nyquist {requency excluding
oC.

Effective Number of Bits (ENOB)

The effective number of bits (ENOB) is derived from the
SINAD data. ENOB is calculated from:

ENOB = (SINAD - 1.76 + V¢ogp)/8.02
where: Veopp = 0.5d8
Total Harmonic Distortion (THD)

THO Is the ratio of the RMS sum of the first 5 harmonic com~
ponents to the RMS value of the measured Input signal.

Y] 1 SEn—— |
[ T S—.

Vrer*
Vaa*
Vaa-
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oV TO 6.4V
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Vin
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CE2
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cE2
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FIGURE 13. USING TWO CA3318s FOR 9-BIT RESOLUTION
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FIGURE 14, TYPICAL CIRCUIT CONFIGURATION FOR THE CA 3318 WITH NO LINEARITY ADJUST
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FIGURE 168, TYPICAL HIGH BANOWIDTH AMPLIFIER FOR DRIVING THE CA 3318
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TABLE 1. OUTPUT CODE TABLE
INPUT VOLTAGE
(NOTE 1) BINARY OUTPUT CODE
Veer Vigr
CODE 6.40V 5.42v MSB 188 | DECIMAL
DESCRIPTION %) %) OF gs | 87 | Bs | BSs | B4 | B3 | B2 | BY COUNT

Zero 0.00 0.00 [) 0 ] 0 [} [} 0

11sB 0.025 0.02 0 ()] 0 0 0 0 0 1 1

2Ls8 0.08 0.04 ] 0 0 (] 0 0 0 1 0 2

L) L] . -

L ] * . L]

174 Full Scate 1.60 1.28 0 ()} 1 () 0 0 0 0 0 64

. . . N .
1R Fult Scale- 1LSB | 3.175 2.54 ] 1 1 1 1 1 1 1 127
12 Ful Scale 3.20 2.58 0 1 ()} 0 0 0 0 0 0 129
1RFuiScale+1LS8 | 3225 2.58 ] 1 ] ] 0 0 0 0 1 129

. . . .
V4 Full Scale 4.80 3.84 0 1 1 0 0 0 0 0 0 192

o . . . .
Full Scate - 1 LSB 6.35 5.08 0 1 1 1 1 t 1 1 0 254
Full Scale 6.375 5.10 0 1 1 1 1 1 1 1 1 258
Over Flow 6.40 5.12 1 1 1 1 1 1 1 1 1 511

NOYE: 1. The voltages listed above are the ideal canters of each output cod® shown as a f

of fts ci ref

Reducing Power

Most power is consumed while in the suto-balance state.
When operating at lower than 1SMHz dock speed. power
can be reduced by stretching the sample (62) time. The con-
straints are 3 minimum balance time (¢1) of 33ns, and a
maximum sample lime of 500ns. Longer sample times cause
droop in Ihe suto-balance capacitors. Power can also be
reduced in the reference string by switching the reference on
.only during auto-balance.

Clock Input

The Clock and Phase inputs feed buffers referenced to Vas*+
and Vp-. Phase shouid be tied to one of these two poten-
tials, while the clock (if DC coupled) should be driven at least
from 0.2 t0 0.7 x (Vaa* - Vaa-). The clock may also be AC
coupled with at least a 1 Vpp swing. This allows TTL drive
levels or SV QMOS leveis when Vj, + is greater than SV,
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IVITEL

1so2-cmos MT8870D/MT8870D-1
Integrated DTMF Receiver

Features

Compléete DTMF Receiver
Low power consumption
Internal gain setting amplifier
Adjustable guard time
Caentral office Quality
Power-down mode

Inhibit mode

Backward compatibie with
MT8870C/MT8870C-1

Applications

Receiver system for British Telecom (BT) or
CEPT Spec (MT8870D-1)

Paging systems

Repeater systems/mobile radio
Credit card systems

Remote control

{SSUE 4 ]

Ordering Information

MT8870DE/DE-1 18 Pin Plastic DIP
MT88700C/DC-1 18 Pin Ceramic DIP
MT88700S5/0S-1 18 Pin SQIC
MT8870DN/DN-1 20 Pin SSOP

-40 °C to +85 °C

Description

The MT88700/MT8870D-1 is a compiete DTMF
receiver inlegrating both the bandsplit filter and
digital decoder functions. The filter section uses
switched capacitor techniques for high and low
group filters; the decoder uses digital counting
techniques to detect and decode all 16 DTMF tone-
pairs into a 4-bit code. External component count is
minimized by on chip provision of a differential input
amplifier, clock oscillator and latched three-state bus

* Personal computers interface.
» Telephone answering machine
VOO VSS , VRef INH
PR S Blas
PWON Clrcurt VRet
Bufter
l ‘ 1 - = Q1
Chip Chlp
Power Bias High Group Digital Code
Filter Detection Converter | | .
Algorithm and Latch a2
I
N+ 1%':', Zero Crossing
N- Filter Detectors — = Q3
—l Low Group =
Gs Filter ———{- E—'" a4
___Do__. g::' st Sleering Z&
Clocks GT Logic
0SsCt1 Qasc2 SUGT €St STO TOE

— — -
Figure 1 - Functional Block Diagram
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iNe | 1 U 18{ °~ vDO N+ ]t G 207 voO

IN- ] 2 17| SvGT N- .| 2 19| suGT
GS |3 18] . ESt Gs |3 181~ ESt
VRef _| ¢ 15| S0 VRet | ¢ 17|_ s
INH | § 1417 Q4 INH I S 16]_, NC
PWON _| 8 131 Q3 PWON | 8 1517 0¢
osct |7 121 Q2 NC 7|7 14 a3
QsC2 _{ 8 1 ot osct |8 13| . Q2
vss |9 10|" ToE osc2 |9 2] a1
VSs (10 1] TOE

18 PN CERDIP/RLAST]C DIP/SOIC - 20 PIN SSOP

e ————— . .
Figure 2 - Pin Connections

Pin Description

Pin #

I

18 20 Name Description
A | IN+ Non-inverting Op-Amp (Input).

2 2 IN- Inverting Op-Amp (Input).

3 3 GS Gain Select. Gives accass to output of front end difterential amplifier for connection of
feedback resistor.

a 4 VRet Reierence Voltage iOut;;ut). Nominaily Vpp/2 l-s used to bias inputs at mid-rail (see Fig. 6
and Fig. 10).

s s I inhibit input). Logic high inhibits the detection of tones representing characters A. 8, C
and D. This pin input is internally pulled down.

6 “'6 |5WDN Power Down (Input). Active high. Powers down the device and inhibits the oscillator. This
pin input is internally pulled down.

g 0SCi Clock (input).
8 9 0SC2 Clock (Qutput). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

9 10 Vsgs Ground (Input). OV typical.

~

10 11 TOE Three State Output Enable (Input). Logic high enables the outputs Q1-Q4. This pinis
pulled up intamally.

11- 12- Qi-Q4 Three State Data (Qutput). When enabled by TOE, provide the code corresponding to the

14 15 last valid tone-pair received (see Tabie 1). When TOE is logic low, the data outputs are high
impedance.
15 17 St0 Delayed Steering (Output).Presents a logic high when a recelived tone-pair has been

registered and the output latch updated; retums to logic low when tha voltage on SYGT falis
below VTS!'

1 6 18 ESt - Early Steering (Output). Presents a lagic high once the digital algorithm h—as detected a
valid tone pair (signat condition). Any momentary loss of signal condition will cause ESt to
return to a logic low.

17 19 SUGT Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vyg detacted at
St causes the davice to register the detected tone pair and update the output latch. A )
voltage less than Vrg, frees the davice to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voltage on St.

18 20 Vgp  Positive power supply (Input). +5V typical.

7. NC No Connection.
16
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Functional Description

The MT8870D/MT88700-1 monolithic DTMF
receiver offers small size, low power consumption
and high performance. Its architecture consists of a
bandsplit filter section, which separates the high and
low group tones, followed by a digital counting
section which verifies the frequency and duration of
the received tones before passing the corresponding
_code to the output bus,

Filter Section

Separation of the low-group and high group tones is
achieved by applying the DTMF signat to the inputs
of two sixth-order switched capacitor bandpass
fiters, the bandwidths of which correspond to the low
and high group frequencies. The fiiter section also
incorporates notches at 350 and 440 Hz for
exceptional dial tone rejection (see Figure 3). Each
filter output is followed by a single order switched
capacitor filter section which smooths the signals
prior to limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
prevent detection of unwanted low-level signals. The
outputs of the comparators provide full rail logic
swings at the frequencies of the incoming DTMF
signals.

Decoder Section

Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while

Voo
Voo T¢C
SYGT Yo
ESt | AAA—
A
S0
1
MT88700/
M 1 lera=(RClin(Vpp/Vrsy)
T88700- lorPeRCIAV oo Voo Vsl

Figure 3 - Basic gleering Clreuit ’

providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
deveioped to ensure an optimum combination of
immunity to tatk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the "signal condition” in
some industry specifications) the “Early Steering”
(ESt) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state (see “Steering Circuit").

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred to
as character recognition condition). This check is
performed by an external RC time constant driven by
ESL. A logic high on ESt causes Ve (see Figure 4) to_
rise as the capacitor discharges. Provided signail

0
/ \ 7] N DIAL TONES
{ ",
" , ¥ )
A
2 II !\ DTMF TONES
ATTENUATION A=697 Hz
(98) 8=770 e
» / \ e
l 3 E=1209 Hz
> F=1336 Hz
o f e
| A\ piin
50 ‘ d k| , N\
R IE
1kHz
X v AB C D EF G H
FREQUENCY (Hz)

Figure 3 - Thter ﬁesponse
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condition is maintained (ESt remains high) for the
validation period (lgrp), V. feaches the threshoid
(Vrg;) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table-1)
into the output latch. At this point the GT output s
activated and drives v, to Vgp. GT continues to drive
high as long as ESt remains high. Finally, after a
short delay to allow the output latch to settle, the
delayed steering output flag (StD) goes high,
signalling that a received tone pair has been
registered. Tha contents of the output latch are
made available on the 4-bit output bus by raising the
three state control input (TOE) to a logic high. The
steering circuit works in reverse to validate the
interdigit pause between signals. Thus, as well as
rejecting signals too short to be considered valid, the
receiver will tolerate signal interruptions (dropout)
too short to be considered a valid pause. This facility,
together with the capability of selecting the steering
time constants externally, allows the designer to
tailor performance to meet a wide variety of system
requirements.

Guard Time Adjustment

In many situations not requiring selection of tone
duration and interdigital pause, 'the simple steering
circuit shown in Figure 4 is applicable. Component
values are chosen according to the formula:

lrec=lor*lTP
lip=toa+iGTa
The value of tpp is a device parameter (see Figure
11) and tggg is the minimum signal duration to be
recognized by the receivar. A value for C of 0.1 uF is

1 rP=1ReC)infYoor Voo Vrsil
w O l fara*(RCoiintVoorVrs)
Rpe{R RN +R)
SYGT()
Ry
et O

a) decreasing gp. (IgTp<tgra)

I re=(RC JinVoo Voo Vrsd]
w O I IGra=(REC )in{Veg Vrs)
G Rpa(RAIR +Ay
svaT(O
Ry
gst O

b) decreasing tgra. {lgTP>IGTA)

i‘-tgure 5 - Guard Time Adjustment

Olgt ' TOE INH ESt + Q¢ ! Qy t Qp | Q
ANY . L . X ¢ H {2 32 Z 2
1 H | X |t H! o] o1t ol 1
2 H X | H 0 0 1 0
3 H X | H 0 0 1 1
4 H X { H 0 1 [) [}
5 H X | H o 1 1 1o 1
[ H X : H [} 101 [
7 | H X H 0 R 1
8 ! H X H 1 o o [
9 | H X H 1 0 [} 1
[} H X H 1 [} 1 0
. H X H 1 0 1 1
] H X H 1 1 0 [}
A H L H 1 1 0 1
B H L H 1 1 1 0
c H |t H 1 1 1 1
0 H L H [} 0 [} 0
A H H | L

B R " L undetecied, the output code

will in the same as the

C H H L |previous detected code

o} H H L

Table 1. Functional Decode Table

LaLOGIC LOW. HaLOGlC HIGH, Z=HIGH IMPEDANCE
X » OON'T CAR

recommended for most applications, leaving R to be
selected by the designer.

Different steering arrangements may be used to
select independently the guard times for tone
present {tgrp) and tone absent (lgya). This may be’
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment aiso
allows the designer to laflor system parameters
such as tak off and noise immunity. Increasing tgec
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a refatively short tqec  with
a long tgg would be appropriate for extremety noisy
environments where [fast acquisition time and
immunity to tone drop-outs are required. Oesign
information for guard time adjustment is shown in
Figure 5.
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Power-down and Inhibit Mode

A logic high applied to pin 6 (PWDN}) will power down
the device to minimize the power consumption in a
standby mode. it stops the oscillator and the
functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin § (INH). It inhibits the detection of tones
representing characters A, B, C, and D. The output
code will remain the same as the previous detected
code (see Table 1).

Differential Input Contiguration

The input arrangement of the MT88700/MT88700-1.
provides a differential-input operational amplifier as
well as a bias source (Vgq) Which is used to bias the
inputs at mid-rail. Provision is made for connection of
a feedback resistor to the op-amp output (GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 10
with the op-amp connected for unity gain and Vpe
biasing the input at ‘/,Vpo Figure 6 shows the
differential  configuration, which permits the
adjustment of gain with the feedback resistor Rs.

Crystal Oscillator

The internal clock circuit is compieted with the
addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figure 10 (Single-
Ended Input Configuration). However, it is possible to
configure several MTB8700/MT8B700-1 devices
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the oscillator
input (OSC1) of the next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 7
for details. The problems associated with
unbalanced loading are not a concern with the
arrangement shown, ie. precision balancing
capacitors are not required.

o AN~ MT88700/
Cy Ry INe MTe8700-1
*
-
IN-
O~ F—~ "\
C, R
Rg GS
] >
3 R,
Vaet
O
Bi‘t:g:’t%a:‘!lpm Ampiifier
Ry=R=Rg=100 kQ Al rasistors are £1% lolerance.
Rac60k Ry#37.5 kN2 All capactiors are £5%
Ry= 2R
Ry+Rg

VOLTAGE GAIN (A, diff)= .:;’.
1

INPUT IMPEDANCE

@worri =2,/ A2 (&)z

Plgure S - Dilerential Input aonﬁguration

To OSC1 of next
—_E—l }—Tnesmozmssmo-t

A\ X-tal <7
0sC1 -—-L 0sc2
n
0sc2 —T—-| p— oscr
c
C=30 pF
X-121n3.579545 MHZ
Figure 7 - Oscillator Gonnection
Parameter Unit Resonator
21] Ohms 10.752
y W | mH .432
ct pF 4.984
co pF 37.915
Qm - 896.37
kY % 2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, l.e., 1/211/R1C1
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151

The circuit shown in Fig. 9 illustrates the use of
MT88700-1 device in a typical receiver system. BT
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be attained
by choosing a suitable values of Ry and Rz to
provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm at the gain setting
pin GS of MT8870D-1. As shown in the diagram, the
component values of R3 and C, are the guard time
requirements when the total component tolerance is
6%. For better performance., it is recommended to
use the non-symmetric guard time circuit in Fig. 8.

~

trp=(RpC JInfVoo Voo Vrss]
gra=(RC Voo Vrsd

Voo Q——j_ Rpe(R AR A3

Cy
SvaT

Ry Ry Notas:
81 Ry=368K 01 £ 1%
Re=2.2M Q£ 1%
Cy=100nF £ 5%

'ﬂgure 8- Non-g;mmemc Guard Time Egrcutt ‘

]

Voo
Cy
omur O— =c,
Input A, MT88700-1
_—-': iN+ o Voo :5—4
—1 IN- svGT|}
L1Gs estT——4—nd Ay
A2 —‘: Vau Sto D_t]————o
Q"] INH o 7] T E—e
Q————] PWON 03—t
% ] osc1 [ —+—"0 NOTES:
' [:Ill--: 0sC2 a{r————0 Ry« 102KO £ 1%
Vss TOE R! = T1SKN £ 1%
Ryq = 390K0 £1%

Cy.Cy = 100 nF £ 5%
Xy = 3.579545 MHz £0.1%
Voo = 5.0V £5%

8

Figure 9 - %gle-énded input Eoniigutatlon Tor BT or CMpec
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Absolute Maximum Ratings!

Parameter Symbol ‘Min i Max ! Units
1 . DC Power Supply Voltage Voo 1 i 7 | v
2 - Voltage on any pin ! v, ! Vgg0.3 | Vgot03 | Vv
3 , Current at any pin (other than supply) | i 1 | 10 | ma
4 ' Storage temperature | Tetg 65 i +150 | -¢
5 Package power dissipation ! Pp ! | 500 [ mw

t Exceeoing mese values may cause p peration unger these conditions is not impied.
Derate above 75 °C at 16 mW / °C.  All leaos soldered lo boaru .

Recommended Operating Conditions - vottages are with respect to ground (Vgg) unless otherwise stated.

Parameter i Sym | Min | Typt | Max | Units Test Conditions
1 DC Power Supply Voltage i Vpp | 4.75 50 1 525 v
2 | Operating Temperature To -40 | +85 °C
3 1 CrystaVClock Frequency fc 3.579545 | MHz
4 | Crystal/Clock Freq. Tolerance afe | 0.1 | %
 Typical figures are at 25°C and are lor design ard only: not g anag not subject 10 pr festing.

DC Electrical Characteristics - voges.0vt s%. vgg=ov, -40°C < To € +85”C. unless otherwise stated.

Characteristics Sym ¢ Min | Typ?* | Max | Units | Test Conditions

1 3 ' Standby supply current ! lppg ! 10 25 A [PWDN=Vpp

2 | P !Operating supply current | g i 3.0 9.0 mA .
e

3 | L | Power consumption i Po l 15 mW  c=3.579545 MHz

Iy l i 1

4, iHigh level input I V| 35 vV  |Vgg=5.0V

51 |Lowlevel input voltage | vy | 1.5 vV |Vpp=5.0v

6., IInput leakage current v 0.1 pA  |Viy=Vggor Voo

7 ; : 1 Pull up (source) current ] lso 7.5 20 pA | TOE (pin 10)=0,
iy Vpp=5.0V

B i ; {Pull down (sink) current D og | 15 45 pA  |INH=5.0V, PWDN=5.0V.

i ' Vpp=5.0V

9! Inputimpedance (IN+,IN-) | Ry | 10 | MQ [@ 1kHz

10| 'Steering threshold voltage  Vqg, | 22 | 2.4 | 25 vV |Vpp=5.0v

1 Low level output voltage - Vo ! i Vgs+0.03! V  |Noload

_1—2, O {High leve! output voltage Vou |Vpp-0.03| | | v |Noad

13| T Outputlow (sink) current i lgy | 1.0 2.5 i mA  |Vgyr=0.4V

14| u +Output high (source) current © Iy | 0.4 0.8 | mA |Voyr=4.6 V
-

_15 s VnesOutput voltage VRet ©+ 23 25 27 | V INoload, Vgg = 5.0V
16 i Vg, output resistance Ror N | i !
t lypeal bqures are at 25 C and are for oesign a0 onty: not @ and not tect to p tesang.
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Operating Characteristics - vpg=5.0v45%. Vgge0V. -40°C § Tp $ +85°C ,unless otherwise stated.
Gain Setting Amplifier

Characteristics ¢ Sym : Min ' Typ‘ ! Max | Units ! Test Conditions
1 Input leakage current " j 100 i nA | VgsSViNSVpo
2 . Input resistance \ Ry 10 | MQ |
3 Input offset voltage PoVes ! ! fas | mv |
4  Power supply rejection | PSRR | 50 | | | dB | 1kHz
5 Common mode rejection P CMRR | 40 | © d8 | 0.75V<Viy$4.25V biased
: ! | : 1 Bt Vg =2.5V
6 OC open loop voltage gain DAoL | 32 | B
7 Unity gain bandwidth | fc |030] | MHz |
8 Output voltage swing b Vo | 40! I v, | Load2100kQ to Vgg @ GS
9 Maximum capacitive load (GS) ; C_ § ] 100 | pF
10 Resistive load (GS) I R, | | s0 ! ke |
11 Common mode range i Vew | 25 ' Vpp + Noload

MT8870D AC Electrical Characteristics - vpgu5.0v £5%, Vg0V, -40°C 5 To £ +85°C , using Test Circuit shown in

Figure 10,
Characteristics | sym Min | Typ? | Max | Units Notes*

. ; :gar:i:(i)r;pcz::;;:sanl ;esvi;l: a(lc;ach : -29 | +1 d8m | 123569

| ' 275 j 869 | mVpys | 123569
2 ; Negative twist accept g [ 8 d8 | 236912
3 | Positive twist accept . 8 dB 2,3,6,9,12
4 | Frequency deviation accept ) | #1.5% +2Hz 2359
5 | Frequency deviation reject | $3.5% 23,59
6 | Third tone tolerance . -16 dB8 2.3.4.5.9,10
7 . Noise lolerance ! 12 1 d8 | 23457910
8 ! Dial tone tolerance l +22 | dB 2,3.4.5,89,11

t Typwcat figures are at 25 “C and are for design aid only: nol quaranieed and not subject to production lesting.

*NOTES

1. dBmw= decibels above or below a reference power of 1 mW into a 600 ohm load.
2. Digit sequence consists of al DTMF tones.

3. Tone durations= 40 ms, tone pause= 40 ma.

4. Signal condition ists of inal DTMF 1

5. Bolh tones in composite signat have an equal lmpmudn

[:]

78

[}

9

. Tone pau is deviated by $1.5 %t 2 Hz,
[f<] Hz )G ian noise.
. The precise dial fone freq ies are (350 Hz and 440 Hz) +2 %,

. For an grror rate of better than 1 In 10,000.
10. Aeferenced 1o lowest level Irequency component in OTMF signat:
11. R to the i valid p Ievel
12.G d by design and ch izatlon,
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MT8870D-1 AC Electrical Characteristics - vpp=5.0vi5%, Veg=0V. 40°C § To $ +85°C . using Tast Circukt shown

in Figure 10.
Characteristics ¢ Sym Min . Typt « Max ; Units | Notes*
. " Valid input signal levels (each : -31 i + | dBm ':'ezst;dsaé\glooé.ov
: tone of composite signal) ; { 21.8 x , 869 | mVaus 2,3,5.6,
2 Input Signal Level Reject : l & ‘ ‘ dom i ‘:‘ezstaec;aet g""’s'ov
‘ ! 10.9 ! i MVemg ;"
3 Negative twist accept i ! | 3 | a8 !2369.3
4 Positive twist accept : : i 8 1 d8 |2369.13
5 Frequency deviation accept | $15%£2Hz ! 12359
6 Frequency deviation reject ; £3.5% 1 ! ! 2,359
7~ Third zone tolerance i 3 | 185 d8 | 2345912
8 Noise tolerance } ! i -12 dB  |23,45.7.9.10
9 - Dial tone tolerance | i I +22 dB |234589.11

t Typical figures are 81 25 “C and are for design aid only: not guaranteed and not subject to praguction lesting.

*NOTES

1. dBm= decibels above or below a reference power of 1 mW into a 600 ohm load.
. Digit sequence consists of all DTMF tones.

, Tone durationw 40 ms, tone pausew 40 ms.

2
3
4. Signal conditlon consisis of inal DTMF Ireq i

5. Both tones in compaosite signal have an equal amplitude.

6. Tone palr is devialed by +1.5 %+ 2 Hz.

7. Bandwidth limited {3 kHz ) Gaussian noise,

8. The precise dial tone frequencies are (350 Hz and 440 Hz) 2%,

9. For an ersor rate of better than 1 in 10,000.

10. Relerenced to lowest level lrequency component in DTMF signal.

11. Raferenced lo the minimum valid accept level. . )

12. Relerenced 1o Fig. 10 input OTMF tone Jeval at -25dBm (-28dBm at GS Pin) interfarence {requency range between 480-3400Hz.
13. Guaranieed by design and characterization.
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AC Electrical Characteristics - vog=5.0vi5%, Vsg=0V. 40°C 5 To s +85°C, using Test Circuit shawn in Figure 10.

Characteristics Sym Min Typ?  Max t Units ! Conditions
1 Tone present detect time ttgp } 5 111 14 ms |Note 1
2 , ¢ :Tone absent detect time ' toa | 05 | 4 85 ms {Note1
3 ., iTone duration accept | trec | 40 | ms |Note2
4 P"  Tone duration reject Ctgee |20 : ms |Note2
5 i G rinterdigit pause accept i Yo | i 40 ms |{Note2
6 gImerdigit pause reject + oo 20 ! ms |Note2
7 ' ‘Propagation delay (Stto Q) ! tpg 8 | on us |TOE=Vgp
8 0 Propagation delay (St to StD) | thsio po12 1 16 us |TOE=Vpp
—u H .
9 1 Outputdatasetup (Qto StD) ! tasio ! 34 us |[TOE=Vpp
10 ! ‘Propagation delay (TOE to Q ENABLE) | tere l s0 | ns |load of 10 k&L
T ‘ ! | 50 pF
n,° Propagation delay (TOE to Q DISABLE)| terp 300 | ns |load of 10 kX
! : 50 pF
12 ; jPower-up time I tey | 1 30 ms |Note 3
13 | w {Power-down time | teo { P20 ms
N . ! 1 1
14 "Crystat/clock frequency ‘e 3.5759 * 3.5795 : 3.5831 | MHz |
15 : C |Clock input rise time i tseL ; i 110 | ns |Ext. clock
l L .
16 | 0 IClock input fall time thicL 110 ns |Ext. clock
— :
17 : K [Clock input duty cycle DCeL | 40 50 60 % |Ext. clock
18! |Capacitive load (OSC2) Cio | 30 | pF
$ Typecal fiqures ace al 25°C ana are lor agsign aia only: not guaranieed and not gubject to production testing.
‘NOTES:
1. Used for guard-time calculation purposes only.
2. These. user adjusiable paramelers, are not device specifications. The adjustable sertings of these mir [ and
are recommendations based upon network requirements.
3. wilh valid tona present at input. tpy equats time from POWN going low untit ES1 going high.
Voo
DTMF O—
input Ry Cy
MT88700/MT88700-1
—_] N+ u Voo[—
—_| IN- SVGT {1 Ry
N —_"1Gs ES1|—
L vau $10 [ —1—Q
O————_1INH a4 —t—Q
O——————"] POWN ali——0
“losct a{>—+—0 NOTES:
Xtal ‘ |"_.; 0sC 2 al|{3—4——0 Ay Rym100KQ £ 1%
A ves ToE | Ry=300K0 £ 1%
! 7 - C4.Con100 nF £ 5%
/

X-1223.579545 MHz £ 0.1%

Flgure 10 - Single-tnded Input Contiguration
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| o |
EVENTS | A | 8 | ¢ | € | F | 6
tgg— - = lhge e tg e ' top '
w 4 H1 wohem |—] o || o | —
top—
est M I I l | L] L
lgrP— — lg1a
svaT A V I /~ I
Qe T
— '—loso

: HIGH IMPEDANCE
0,04 DECODED TONE # {n-1) )( . Tn )__—@
]

s  lem—

!
i I S | !
S0

i o tere

EXPLANATION OF EVENTS

A) TONE BURSTS DETECTED. TONE DURATION INVALID, OUTPUTS NOT UPDATED.

8) TONE #n DETECTED, TONE DURATION VALID. TONE DECODED AND LATCHED IN OUTPUTS

c) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL NEXT VALID
TONE.

0) OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.

£) TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED (N OUTPUTS (CURRENTLY
HIGH IMPEDANCE),

F ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCHED.

G) END OF TONE In + 1 DETECTED. TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.

EXPLANATION OF SYMBOLS

Vin DTMF COMPOSITE INPUT SIGNAL. *

ESt EARLY STEERING OUTPUT. INDICATES DETECTION OF VAUID TONE FREQUENCIES.

SVGT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL AC TIMING CIRCUIT.

Q,-Q, 4-BIT DECODED TONE OUTPUT.

SID  DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

TOE  TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q;-Q, TO ITS HIGH IMPEDANCE STATE.

e MAXIMUM DTMF SIGNAL DURATIQN NOT DETECED AS VALID

lhec  MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

- MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.

oo  MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.

top’  TIME TO DETECT THE PRESENCE QF VALID DTMF SIGNALS.

toa TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS,

grp  GUARD TIME. TONE PRESENT.

tsta  GUARD TIME. TONE ABSENT.

Figure 11 - Timmg?)iégram
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4-Bit Transparent
Latch/4-to-16 Line Decoder

The MC145148 and MC145158 are two cutput options of a 4 to 16 line
decoder with latched inputs. The MC145148 (output active high option)
presents a logical “1° at the selected output, whereas the MC 145158 {output
active low option) presents a logical "0” at the selected output. The latches
ara R-S type fip-fiops which hoid the last input data presented prior to the
strobe transition from *1” to "0". These high and low options of a 4-bit latclv4
to 16 line decoder are canstructed with N—channet and P—channet
enhancement mode devices in a singie monolithic structura. The latches are
R-S type flip—{lops and dala is admilted upon a signal incident at the strobe
input, decoded, and presented at the output,

These complementary circuits find primary use in decoding applications
where low power dissipation and/or high noise immunity is desired.

« Supply Voltage Range = 3.0 Vdc to 18 Vdc
« Capable of Driving Two Low~power TTL Loads or One Low~power
Scholtky TTL Load Over the Rated Temperature Range

MAXIMUM RATINGS® (Voitages Relerenced 10 Vgs)

MC14514B
MC14515B

@t e e e———— s ot o o— oy

L SUFFIX
CERAMIC
CASE 622

P SUFFIX
PLASTIC
CASE 709

-,

DW SUFFIX
3 SOIC
a CASE 751E

ORDERING INFORMATION

MC14XXXBCP Plastic
MC14XXXBCL Ceramic
MC14XXXBOW SQIC

Ta = - 55° to 125°C for all packages.

Symbol Parameter Value Unit
Voo OC Suppiy Voitage -0.5!0+18.0 v
Vin. Vout | Input or Oulput Voltage (OC or Transient) | 0.5to Vpp +¢ 5 v
lin. lout | Input or Qutput Current (OC or Transient), +10 mA

per Pin

fp Power Dissipation, per Packaget 500 mw
Tsiq Storage Temperature ~ 6510+ 150 C
T Lead Temperature (8-Second Soldering) 260 ‘C

* Maximum Ratings are those vatues beyond which damaga to ihe davice may occur.
t Temparature Darating:

Plastic "P and O/OW" Packages: - 7.0 mW/r' C From 65°C To 125°C

Ceramic “L® Packages: - 12 mW/‘C From 100°C To 125°C

BLOCK DIAGRAM
so [ Lo XBED

st H-——oABED
VppePIN24 S2 l_o.oKBCU

Vgs = PIN 12 53108 E0
) sal oRBCH
> LI ss|ioabch
: ' 56 {*—okBCH

oaA2 > A 5714 HAaBCH
TRANSPARENT * 47016 TR v

urcw  C_: peccoen S8 t-0ABTO
H s0 i ABCD

2 s10}28.0i8é0

; i su %o;;tn
1 1 S $12 {—o ()]

STROBE 2 s [3oaBco
s '8 ,i8co
§15 l—‘ioxaco

p—

DATA 1
paaz >3-

oaae -2

)

[0

REV)
104

DECODE TRUTH TABLE (Stroba = 1)°

Osta inputs Setected Output
; T MC14814 = Logle 1
tnhibk | Dt € | B ) A | MC14518 » Logls "0”
[} ojojolo S0
[ cjojof St
0 cjlo|t}o S2
[ ol o1} s3
[ 0:1]0]| o0 sS4
0 o 1|0l ss
] of1[t]| o0 S8
[ ol 11l S7
[ 1{ojo|o S8
[} 1,010} 1 s9
o 110j1]o S10
[ 1ot 1] s11
] tj1toto §12
[} 1ty t{o0d 1 513
] 113! o0 S14
0 1 1 1 1 S18
1 X | X ] X1 X | ANOuiouns =0, MC14514
A Outputs = 1, MC14515
X = Dont Care

“Strooe = 0. Data is latched

$ Motorols. ine. 1998

@ MOTOROLA
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ELECTRICAL CHARACTERISTICS (Vottages Relerencea to Vgg)

Voo -55°C 25°C 125°C -
Characteristic Symbot | Vde Mian Max Min Typ# Max Min Max Unit
Outpul Vahtage “0'Level | VoL 5.0 - 0.05 - 0 0.05 - 0.05 vde
Vin= Vpop or0 10 - 0.05 - 0 0.05 - 0.05
15 - 0.05 -— 0 0.05 _ 0.05
"t"tevel | VOH 5.0 495 —_ 4.95 5.0 - 4.95 Vde
Vin = 0 0f VDD 10 2.95 - 9.95 10 — 9.95 -
15 14.95 14.95 15 - 14.95 -
input Voltage 0 Level iL Vde
(Vo = 4.8 0r 0.5 Vdc) 5.0 - 1.5 - 2,25 1.8 - 1.8
(Vo = 9.0 or 1.0 Vdc) 10 _ 30 - 4.50 3.0 - 3.0
(Vg=1350r1.5 Vde) 15 40 — 8.75 4.0 — 4.0
“t"tevel | Vi Vde
(Vo = 0.8 or 4.5 Vdc) 5.0 35 s 275 - s -_
(Vo = 1.0 or 9.0 Vde) 10 7.0 7.0 5.50 70 —_
(Vo=15o0r 13.5 Vde) 15 n — 1" 8.25 — n —_—
Output Drive Current {oH mAdc
(VoH =25 Vace) Source 5.0 -1.2 — -1.0 -7 — -0.7 -—
(VOH = 4.8 Vdc) 5.0 ~-0.25 - -0.2 -0.36 - -0.14 —
{(VOH = 9.5 Vde) 10 -0.62 — -0.5 -0.9 - -0.35 -
(VoH = 13.5 Vde) 18 -1.8 — -1.5 =35 -— - 1.1 —_
(VoL = 0.4 vde) Sink ot 5.0 0.64 — 0.51 0.68 — 0.38 - mAdc
{Vor = 0.5 Vae) 10 1.6 —_ 1.3 2.25 —_ 0.9 —_
(Vor = 1.5 Vde) 15 42 - 3.4 8.8 24
input Current lin 15 - £0.41 — £0.00001 | £0.1 _— 10 pAdge
Input Capacitance Cin - - — — 5.0 75 — - pF
Vin= 0) .
Quiescent Current lpp 5.0 - 5.0 —_— 0.005 50 —_ 150 pAde
(Per Package) 10 - 10 _ 0.010 10 _ 300
15 - 20 - 0.015 20 - 600
Total Supply Current*"t ;8 5.0 IT = (1.35 uAKHZ) [ + DD wAdc
(Oynamic plus Quiescent, 10 tr = (2.70 pAKHZ) T + IpD
Per Package) 15 T = (4.05 pAKHZ) { + IDD
{Cy_ » 50 pF on ail oulputs. al
bulfers awiiching)
sDala labeltad “Typ" Is not 10 be used for design purposes but is | ded as ani ion of 1he IC's p ial parformance.

*= The formulas given are [or the typical characieristics only at 25°C.
1 To calculate total supply current at loads other than 50 pF:
ITCY) = IT{50 pF) + (C - 50 Vi

where: IT is in uA (per package), Cy in pF. V = (Vpp - Vgg) In voits. Iin kHz is input trequency, and k = 0.002.

Thisdevice ins p
precautions must be taken to avold appllcations of any y_pltaqé tigher
circul. For propsr operation; iy and Yout should. ¥
- Unused Inputs must stways be tied to an approprt
NP

beleftopenc. S i

PRREREEY eI PK SN
ction circultry 10 guard against damage dise to

than maximunsated voltagesis N&Q&Mpﬁdmg«

V55
A ey
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SWITCHING CHARACTERISTICS® (Cy_» 50 pF. TA 2 25°C)

All Types -
Characteristic Symbot Voo Min Typ# Max Unit
Output Risa Time e ns
MM = (3.0 nupF) G+ J0ns $.0 —_— 180 360
M= (1.5npF) C + 1503 10 -— 90 180
K = (1.1 n&pF) C + 10 ns 15 - 65 130
Cutput Fall Time THL ns
THL = {1.5 ns/pF) C + 25ns 5.0 - 100 200
HHL = (0.75 ns/pF) C_+ 125 ns 10 - 50 100
tTHY = (0.55 ne/pF) C_+ 9.5 ns 15 - 40 80
Propagation Oelay Time: Oata. Stroba 1o S PLH. ns
1PLK. tPHL = (1.7 ns/pF) Cy_ + 465 ns PHL 5.0 —_— 550 1100
'PLH- tPHL 7 (0.86 na/pF) Cy + 192 ns 10 - 225 450
1PLH. IPHL = (0.5 ne/pF) C_+ 125 ns 15 — 150 300
Inhibit Propagaiion Oelay Times PLH. ns
IPLH. IPHL # (1.7 nspF) C_ + 315 ns IPHL 50 —_ 400 800
'PLH. IPHL *# (0.68 ns/pF) C_ + 117 ns 10 — 150 ) 300
1PLH. IPHL = {0.5 ns/pF) C_ + 75 ns 15 —_ 100 200
Setup Time tsu ns
Data to Strabe 5.0 250 125 —_
10 100 §0 _-
15 75 38 -
Hold Time th 50 -20 - 100 —- ns
Strobe 10 Oata 10 0 ~ 40 —_
15 10 ~30 —
Strobe Puise Width twH ng
5.0 350 175 —
10 100 50 —
15 75 k] -

* The lormulas Given are (or the typical charactanstics only at 25°C.
70212 iabafled “Typ Is not lo be used for design purposes but is intendad as an indication of the IC’s potential pedormance.

2Vop
————
)
i ! o Vos
A —— .
I ! S0 !
LO—I StRose St g:g:: - ” | Formciasise
o ! §3 — 3 | 1. For P—channe!: Inhibit = Vop
S MHBT gy o 0% P 2. For N—channe: Inhibit « Vgg
For MC145148 . §§ —0—0 / and D1-04 constitute binary
1. For P—channel: Inhibit « Vgg  0—— 01 §6 f—o—o / . code for “output under test.”
ang D1-D4 constitute g: H_o?’—"_"’ f——4
binary cooe for “ocutput o—02 §9 +—>—0 1
under test,” $10 —r—o ot )
2. For N—channei: Inhidit = Vpp o—0D3 SH —d>——0 55 |
p—— {
i Fl L eceana |
>—0t Sl i | trowensurry
——————— —
> Vss -

Figure 1. Drain Characteristics Test Clrcuit
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Figure 2. Oy ic Power Dissipation Test Circuit and Waveform
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- —n ! | QUTPUT 0% :
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Figure 3. Switching Time Test Circult and Waveforms
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COMPLEX DATA ROUTING

Two MC14512 eight—channel data selectors are used here
with the MC14514B lour-bit latch/decoder to effect a com-
plax data routing system. A total of 16 inputs from data regis-
lers are selacted and transferred via a 3—state data bus to a
data distributor for rearangement and entry into 16 output
registers. In this way sequential data can be re—outed or
intermixed according to pattems ‘determined by data select
and distribution inputs. .

Data is placed into the routing scheme via the eight inputs
on both MC 14512 data selectors. One register is assigned to
each input. The signais on A0, Atl. and A2 choose one of
eight inputs for transler out to the 3~state data bus. A fourth
signal, labefled Dis, disables one of the MC14512 selectors,
assuring transfer of data from onty one register.

In addition to a choice of input registers. 1 thru 16, the rate
of transfer of the sequential infonmation can also be varied.
Thatis, il the MC14512 were addressed at a rate that is eight

times faster then the shift frequency of the input registers, the
most significant bit (MSB) from each register could be se-
lacted for transfer to the data bus. Therefore. afl of the most
significant bits from all of the ragisters can be transierred to
the data bus before the next most significant bit is presented
for transfer by the input registers.

Information from the 3-state bus is redistributed by the
MC14514B four-bit latch/decoder. Using the four-bit ad-
dress, D1 thru D4, the information on the inhibit fine can be
transfemed to the addressed output line to the desirad output
registers, A thru P. This distribution of data bits to the output
registers can be made in many complex pattems. For exam-
ple. all of the mast significant bits from the input registers can
be routed into output register A, all of the naxt most signifi-
cant bits into register B, etc, in this way horizontal. vertical, or
other methods of data slicing can be implemented.

DATA ROUTING SYSTEM
INPUT DATA 3STATE  DATA QUTPUT
AEGISTERS TRANSFER  DATABUS OISTRIBUTION AEGISTERS
’———J\————.' ,__M_. r___._a\._____
| o
. ' Pl
T : oo
. neosteRs ——00 % 00— Pi
—ot { By
I —_— H
__gi - BT 0z 03 0% .
| o 2 50 AEGISTERA |
—ps 3 ! —{STROBE  §1 :
S "o i $24—
| REGisTERD o7 ! :i — |
IR A0 At A2
| 35—
i @ 56 I
DATA 2
SELECT g = I
) 59 |
sto
| CE————— AD Al A2
! necisters L o0 Q st b— |
E — Dt S12p—
02 $13 {—
0 = WHIBIT 514 b—
I —0 s15 | REGISTER P
| —s *
3 —u
- REGISTER 18 ; 07
' ! 01s

MC145148 MC145158
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QUTLINE DIMENSIONS

L SUFFIX
CERAMIC DIP PACKAGE
CASE 62305
ISSUEM

YOrES:

Rl 1. DINENSON L 10 CENTER OF LEADS WeY
FORMED PARMLLEL

1 2 LEADS WITHNY 013 0.069) RAGIUS OF TRUE

{ 8 POSITION AT SEATING PLANE AT RAXBAM

! MATERIAL CONDITION (W16 FORMED

i _3548SC i Q008G
9% 1 0% [ go08 ¢ e7
Toee T 108 1048 Tawe
1524 85C 8468 850
4 ) 01 (5:¢ gei 152

[

P SUFFIX
PLASTIC DIP PACKAGE
CASE 709-02
ISSUEC
NOTES;
1. POSTIONAL TOLERANCE OF LEADS (0L
'.'. SAA NS NL NN NN SHALL BE WITHAN 3.2 (0.0100 AT MAXAIRS
u 13 T MATERIAL CONDITION. I¥ RELATON TO
SEATING PLANE AND EACH OTHER.
'> 8 2. DMENSICN \ TO CENTER OF LEADS WEN
/ Il FORMED PARMLLEL

1. OENSION B DOES NOT NCLLIDE LIOLO
RASH

MHLLNETERS INCHES

[ T wuserens !
T MAX LW - AT
!_9!‘. ngz ) J; [FEBAT.D

1373 1 1422 | 0540 + 0568

7] i 508 ] 9155 § 0.2
ERECE] L_uf‘..:.!.!l..
T 103 | 192 1 068 ) 008
2 108
i85 | 203 [ooes | @ P
020 | o3¢ s !
343 ¢ 0018 | 10 :
I 1534 85C 6,604 89C ;
d Bei 1se 1 o<y wsel H
M| 081 | 13 io6xe | so 1
MOTOROLA CMOS LOGIC DATA MC145148 MC145158
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QUTLINE DIMENSIONS

DW SUFFIX
PLASTIC SOIC PACKAGE
CASE 751E-04
ISSUE E
J—
2359333939885 T —
W e q ] ...q 3 q q b n'g_r ‘ '~°“E‘-“_ sor o
N At} 198,
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. —_— 1 DRMENSIONS A ANG 8 00 ¥OT NCLUDE
: - ; - T8 P 0.0 PROTAUSION.
= ! i [Bicnnes®@is o ¢ MARBAM U0 FROTIISGY 813 000
P i_L 1 UL 00ES MO NCLUOE Dusipan
. .t Iy o, H ] mm“lm OAMBAR
R EEEEE . | PROTRUSIOY SHALL BE & 11 # 008} TOTAL N
: EXCESS OF 0 DREENSION AT NAXILM
K [ MATEAWL CONOMOL
—— e 24x O - /
2100100.25iT:A '8! %:J'V one L“ue%:rnxu_ﬂm%_;
[ A 11523 | 1954 1 geay i 0813
- Fle— ) CBE X REY:)
t 13 1 289 . 0097 : 0104
= - Rxase 35 | 049 . oeid 1 oee
f ) ' ] [T 18018 ° 0 !
I T ST c s . o;f nnlw:o;muu!
(ol | o L M | 1 E = 008 1 0013 4
T~ ) A R S Y '%'—l' {7'—' m:l: [F:) ".a“‘: u:".
sEATNG M [P iwed | ess i ami T ddis ]
PaNE . e—mx G — K ( 025 1075+ 0018 1 089 |

M X, the right Ak Q Ao notice to any products hersin.
the yol s for any par nor 6oes amnwhblvyﬂmwdmludhamﬂcmdwmum
and socdicaty disciaims any and afl ablity, & G without “Typicar which may be providad

hM«ommMsuﬂwsmmmwwvwhaﬂmwmmwnwmwmcmuqmm Al operating parameters,

nducng “Typicals® must be valk for each oy 3 exoerts. do«n«mmwmwumw
tqmt nor the nghis of others, a1a 00t or for use as for mplant
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How 10 resch us:

USA/EUROPE/Locations Not Listed: Motorota Lierature Oistribution:
PO. Box 20912 Phoane, Adzona 5038, 1-800-441-2247 or 602-303-5454

MFAX: RMFAX0Q emsil.s08.mot.com = TOUCHTONE 502-244-6609

JAPAN: Niopon Motorota Ud: Tatsumi-SPD-LDC, &6F
3-14-2 Tatsumi Koto-Ku, Tokyo 135, Jagan, (3-81-3521-8318

INTERNET. hito2/Desgn—NET.com

ASIA/PACIFIC: Moworola Semwionductors HX. Lid: 88 Tal Ping induewmd Park.
S1 Ting Kok Road. Tal Po. N.T.. Hong Xong, 852-26629296
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(37 SGS-THOMSON ULN2001A-ULN2002A
Y/, TICROELECTRONICS ULN2003A-ULN2004A

SEVEN DARLINGTON ARRAYS

» SEVEN DARLINGTONS PER PACKAGE

» OUTPUT CURRENT 500mA PER DRIVER
(600mA PEAK)

« OUTPUT VOLTAGE 50V

« INTEGRAL SUPPRESSION DIODES FOR IN-

DUCTIVE LOADS
« OUTPUTS CAN BE PARALLELED FOR
HIGHER CURRENT DIP18 (0.25)
» TTLUCMOS/PMOS/DTL COMPATIBLE INPUTS (Plastic Package)
» INPUTS PINNED OPPOSITE OUTPUTS TO
SIMPLIFYLAYOUT ORDER CODE :ULN2001A/2A/3A/4A

DESCRIPTION ORDER CODE : ULN20010/2D/30/4D
The ULN2001A, ULN2002A, ULN2003 and
ULN2004A are high voltage, high current darlington
arrays each containing seven open collector dar- PIN CONNECTION
lington pairs with common emitters. Each channelis
rated at 500mA and can withstand peak currents of
600mA. Suppression diodes are included for induc-

tive load driving and the inputs are pinned opposite
the outputs to simpiify board layout. RN l" ouT 1

‘!’he fourversions interface to alt common logic fami- 2 2 _1],5 ouT 2
lies: .
ULN2001A | General Purposs, DTL, TTL, PMOS. 1 T 3
! CMOS Nas | ) e o
ULN2002A 14-25V PMOS 1
N4 & 13 OUT 4
ULNZ003A | 5V TTL. CMOS Lyl
ULN2004A | 6-15V CMOS, PMOS INS 8 12 oyt 8
These versatile devicas are useful for driving a wide 3
range of loads including solenoids, relays DC mo- s & I jn our 8
tors, LED displays filament lamps, thermal print- h
heads and high power buffers. m7T 7 J1o ouT 7
The ULN2001A/2002A/2003Aand 2004A are sup-
plied in 16 pin plastic DIP packages with a copper oND 8 Pt }9 @.“’“&‘8{.‘0 ";Eosss
leadframe to reduce thermal resistance. They are |
avaiable also in smal outline package (SO-16) as S-197101
ULN20010/20020D/2003D/2004D.

Apnt 1993
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

SCHEMATIC DIAGRAM

Senes ULN-2001A
({each driver)

Series ULN-2000A
(each driver)

Series ULN-2002A
(each driver)

Series ULN-2004A
(eachdriver)

ABSOLUTE MAXIMUM RATINGS

Symbol arameter Unit
Vo Output Voltage v
Vin Input Voltage (for ULN2002A/D - 2003A/0 - 2004A/D) v

k Continuous Collactor Current mA
Iy Continuous Base Current mA
Turo Operating Ambient Temperature Range - 2010 85 *C
Targ Storage Temperature Range -~ 55 10 150 °C
T Junction Temparature °C
THERMAL DATA
Symbol Parameter DIP18 so1e Unit
Rajave | Thermal Resistance Junction-ambient Max. 70 165 *‘CIW

- N
Ly S53;THOMSON
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

ELECTRICAL CHARACTERISTICS (Tams = 25°C unless otherwise specified)

1

Symbol

Parameter

Test Conditions

Typ.

Max.

Flg4

leex

Qutput Leakags Cumrent

kg = 50V
Tems = 70°C, Ve a 50V

Tame = 70°C
for ULN2002A

Vee = 50V, Vi = 6V
for ULN2004A

Vce = 50V, Vi= 1V

50
100

500

358

1a
1a

- -
o o

Vcetsan

Coltector-emitter Saturation
Voitage

Ic = 100MA, la = 250IA
Ic = 200 MA, iy = 3501A
Ic = 350mA, ls = 5000A

—_——o
W

—_——

lony

input Current

for ULN2002A, \ = 17V
for ULN2QQ3A, Vi = 3.85V
for ULN2004A, Vi = 5V

Vi = 12V

ooo
- W0 M
nwnN

PN Fadey
NRp| P~

—-———
o

£

[

luoin

Input Current

Tamo = 70°C, k¢ = S00UA

S0

65

Vl(ml

Input Voltage

Vce = 2V

for ULN2002A
Ic = 300mA

for ULN2003A
ic = 200mA
Ic = 250mA
Ic = 300mA

for ULN2004A
lc = 125mA
Ic = 200mA
c = 275mA
Ic = 350mA

13
24

n
N Q'\‘

<[§ ;g;; <<<[§ %

nlajLwLLINON

OC Forward Current Gain

lor ULN2001A
Vce = 2V, k& = 350mA

1000

Input Capacitance

25

Tum-on Delay Time

0.5 10 0.5 Vo

0.25

Tum-off Delay Time

0.5 10 0.5V,

0.25

Clamp Olode Leakage Current

\h a2 50V
Tamo = 70°PC, Va 2 50V

50
100

Clamp Oiode Forward Voitage

k= 350mA

<[3BIGI% |

&7 SG5;THOMSON

LLHUUEATR e st
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

TEST CIRCUITS

Figure 1a. Figure 1b.
E OPEN  Vee OPEN "Veg
|
!
o, -
1
{ cex v cex
: s-3118 l 5-%726
Figure 2. Figure 3.
orEN OPEN
e
fre s
j % ﬁtﬁc
S-1
Figure 4. Figure 5.
N
%e |lc
A/ 1
S-3118 s-ur
Figure 6. Figure 7.
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n
[
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

DIP16 PACKAGE MECHANICAL DATA

mm Inch
DIM. _
R R LSRN B S Mt UL ST T YR, .| MAX
a | oas 0.020
) | o 1.85 0.030 0.065
b ' 05 ' 0.020
or | 025 0.010
0 20 0.787
E as 0335
e 254 0.100
o3 17.78 0.700
F 7.1 0.280
| | 5.1 0.201
L | 33 0.130
[ z | 127 0.050
=
| = |-
U ol
l b B )
b4 T
e3
D

| I s I ey B o B o B e e B
.

§
U J Ot T T g

IY—[ SCS-THOMSON
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