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ADVISOR
MR. KITIPONG MANO
MR.PEERAWUT SUWANCHAN

MR. SANTI TANTRAKOON
1994
ABSTRACT
This project is present “Multiple Cordless 'AI‘;alephonc”. Because of people want
comfortable to use telephone currency cordless telephone are used popularity,But many people
use normal telephone. This project will upgrade norma} telephone to have comfortable and
actively as well as cordless telephone. But don’t leave normal telephone,Then creat this project
This “Multiplc Cordless Telcphonc” will get signal from telephone line then modulate
it with RF frequency at 46.6-49.9 MHz. It will have distane to use about 100 meters and can

communicate between base unit and portable unit.
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3. granaiiwaduaz luiwasluyuiuwad (Break To Make
Ratio) U1 60/40 (A1)
4. sinBouuadidiivensy 57/43 S 6337 Taudmuah
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) (TIME- OUT)
HOCK OFF START DILING END DIALING
] |
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i

fNenn 1 SEC
DIAL  TONE

LINE LOCK-OQUT

1 -
REGISTER (OMNNITIION ’ TIME-QUT
FREQUENCY 400-450HZ -

A-CALL

s 216 dnvardygnaladalnu

3- SUBSCRIBER 79

| s "] 1 sEC

4 SEC. >
FREQUENCY 400-450HZ INTERRUP 20 HZ
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30N 2.17 dnumzvesdygaiuwunIny
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- usefuvesdynansEAY (Ringing Voltage) ﬁzfim%"auag:ﬁuuuﬂma?
(Barrery Feed) -48V.

- aunsavinnssieiisohldnssiohouldeglifu 3 d @ e
insosInsim 1@l 3 inSesTauilosaumaugueanszis (C Servies Bel) 3 @2
udaszdoaluifiu 2.6 uF Fatus ¢ Tuudaznsoadienlahifiu 1 uF

- mmﬁ’hunﬁuuaqmuﬁu (Insulation Resistance) G‘imﬂ"lﬁmsﬁ'eun’h
20 KQ 1350 30 KQ ©i811f110

- 18R WAIUNIU (Loop Resistance) < 2 KQ

- nwrhﬁ'n;npmnszﬁu?m’fu (Ring Trip (First Ring)) audjuwad

(Pulse) tu 9 150 mS (n3du q floufivzde Ringing) tenszauld
ATRMII (Activeble Bell)

2.4 1030931 daing
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* v y [] 4
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. doydda 4 a 4 a a 4 g 4 o 4 o
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y ¥ v
modulate (PM) ) lunm:nahﬁqmsuagmﬂmqfmlm (Frequency modulate)
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b |
>20K-- > 20K
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i 221 Quvesnwdwmu
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i = .4 o/ é o/
sendouaauuuidadu T fudyanananuud meo Suaasldd
() = I + km() M
a A /o rat 1 o
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& 4'4’ a e A /a4 o ey sa
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¥ k) v
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9.1 Aufuisey
-2 uF
9.2 AU
- 300 kQ
10. 2903591505
10.1 lo¥
-NE555
10.2 Aunuysey
- 100 uF
-0.1 pF
-22 F
10.3 M@ unIu
-15kQ
-30 kQ
-200 kQ
- 300 kQ
10.4 NIMUTMABT

- 28C458



I

MANUIN ¥
d'l [} [Y) G\Jl v é
2193905 VBUATBININIFHNN e



6:([- J'.,J’_ Lo
}‘.j}uj}j} *9

§¢a

[ e

el

& U
S [y Ty |8 " o
- as . * N
Rutalst, s
v\ e
Jq| wi S
» el b o
b |
' r B — AN
"T 3 o3 5 -
7 I hi "ll :[:]= » =
cs? _1:— i - -1—2 10
i n p b
AT ol “‘"'l——‘, N
e v w -0 (N}
" " - - L2 N
, N A= S ll—~‘ D
- - — - [ v T
" b ] e0 [cie | s Cée o, 01 .
- - ot !/
8 p = || | c....,I' N N = L
4 IK
T R < . ASdE " ,||Hl}. N © ; €60 8.0047
'I[}__n_l T ul — = 1. 2¢ f *n r "':] - o = -~ x IZK.IIH}_‘
AAA E o 8 ol ||I ol z‘ :. (T P s L
" bt S LT IR
||‘_u_1__1_§'u_7__u__ v " SRS 99K z . 2 - : - -rv
R R b » [ SN B I e
v Lo - w W ECELA XL v “ ci2 mowtl o -
- g | .
oo " RO Ceut [ . - | . o
¥t I S L Cavoran .- iR
" - - . - e [ 3 W
TN ERRR :J:F'z-jf' ] 13+ 7oy -e MR
P i R et : : - < :n Al n
. ) ..? Y ;( -y ~ o wo
'} o u(’ o, o ':'vu n Con o
R EE I (7 i
CSo “'h :E
IHH | -
X o. 0ol & -
'1“*- - oL
3 ul
hEL 22| e JHE | L
. 2 <
B e Rthan [ Fomou] ) NS —n—
] & 5
v - SJ '\:w} [
| 'I]El — bifed
[ e
“n * €N —
-
i et e ot e et semncaates it st | . - - L.
(STE D 11 _iaey,
e
TN e 7.7 afEwK pp—
3 £ e.nt | K T b > S 2
s e Ak
L -»
‘E:‘.’ - Ko XKe =2z
Iowaet A -
X3! 1L S :J
:fr'“"’“__. " v =
bt o
N wl oy K2y oK
wh ™=
.=
-z L] 3 L
A" = NV A
| ono lllJ » raer . o
'Y |l!_l -y s o "
" I a5 - c24 b, 01 P[]
C W w . '
- WY N €25 0.1
=% - ne r25 22K "[&ji—‘
+ - .l
2 PR 8 '
~ ol w 'L
- ) [a)
a i o
l | 26 100x
cay




x
~ x
v
4
x
®1 3.9K r. ™
2 i
o »
-t
X
o rt
7] 1
o O ] '
n &
wW rl
llll—'\/ N
an bl
. e ow
LT v
£ HF
u|| I—-l
k42 3JeK
"ll‘”"—] £S5 22¢ .:
cye Y] . | -
w O : |
c w 0||l— R } ~ -
S VAl = P
" wi” x x 0
I (Y - e -
g 1 0
L" o - o) x
[T} Ly llll——<| L{: ]
a o il w c32 » | q
o - ™ - c2 il
i ») Y e W- :l(
4 g " ! "o
(1)
- —_ > R) 274 g )
) )
I n N .|llr[‘:r:}:. o
(d)] »l x ) pnend T g
- i <) Lt 44 . fts - i e
c—n - .._.Z’I__.g,c.“_co"‘c_, "‘fl:a 2 ST W= ! el [ ety
(ot ] - PR &l
- §. » -~ { -
2 2 e ST J b
o, —i= ul~= aa " '|| w 3
! = - o " te W o
~ & -~ ho A '|| -"“ ~
o " N
o og - ot 8 o l"’"‘— : D = ;
= - ° s n Z N Jl_£29 S8y
' o on - - co 18vies i o ST
f e i 5
- 14 L 6QR0
R4 22K ST I N - b. 0 I
. ] | -
{® — oy l -
.7{_____ U - A % ;_1 -
.| w . " »
- —_— » - ~
- - . o &
w ‘ . -] :‘-'
20 29w S E ¥
PPy b T G Y | )
[k
~ i CLT. »
o 3 tHusc/cunac| % b $ M C1) twoep
n * ~ [
. ( ( o
A
Ko
. ° RV 7 K116 nex=
B L ¥ <3
I IR i o . 119 O sy it »
v ;['_H A - = )28 Wl | [ -— _—
< lo m - nwe yu
! IU "'::"./\/\/g1 ';: :: A w Cll!‘:“."""t":N R2) 220 - ]I
— ! o= *ed a0
C62_6.3va7y v "l' _ ._",.Cuilﬂ ) Nl L o X112 A w.‘:':-;—“
| 7'_——"‘?"?1"10 Tevrsa {IF - / . 1K | Ne [ 7
M we ~
- 3 ot o C T S RS
—_ x;ql W* B S B e L e ] - s i e @ " -
r.} o B o ~ |
N Mot RS N '|]
KOt T o wn 71 ~ O N !
W—-r A < - o [ ) 0,960
- AN A - lo Py
-3
g - ..._lll "___ ™~
A
o :‘ [h) 3 v
o » -
— tg W (o (o o A a .J_).
o ‘ [: ¥in - amupie & . batet 3 DIRT fheiat fin] i g
o L. wi D
% Lf,.ﬁ x ¥4 L
7y v
]
o
~
= -
[N | ty O o o
',I e - 'Il - -
D = . é
2 <
. o d
.||l— b o o "o /
£se R?3 o v
\ » " o -
-Ill—— 4l AAN
w JEEZ S
» 3 -
-
- :,‘; .
o - R
R s v " x »
{ - i - ol + D ——n?,
< 0 syt
) R i _J —
- R aini ol F Joowemtl A




NARUIN N l

Ay d
swaziduadeyauazqueaniAvesgUnIs |



CPU DATA KX-T3610H (Base Unit)

iC3 MN1551KDAT1

ROM: 1K byte (8 bit)
ic3 RAM: 64 x4 bit
Power Supply Volitage: 3.5V~6.0V
Clock.Frequency: 3.992 MHz
TX ON
Oets Oun
Ewore Fa
RAX Dsua
Angs
Chare
3] [—O
77
g
@
®
Fig. 7
Pin . . . Pin . . . .
No. Mark Description Logical ‘H’ | Logical 'L’ | Ng. Mark Description Logical '"H’ | Logical ‘L
1 Vee Vee=3.5~6.0V 15 | CODE
2 TX ON TXON ON OFF 16 CODE
3 O.DATA | Data Out Data “1” Data “0” 17 CODE
4 sQL Squelch High Low 18 | CODE
5 |. DATA Control Data Input Data "1" Data “0" 19 CALLR. .
6 | RING Ring Signal Input Notused | Used | 20 | CALLM. |J Monitor Usuatly
7 CHRG Charge Condition Input{ Charge |Non Charge| 21 CHRG
8 Nt o 52 | INUSE |) ChargefinUseLED |  OFF ON
9 CALL Page Switch 23 | PULS Pulse Out Make Break
10 BRK Not Used 24 MUTE Line Mute Mute —_—
11 CODE 25 RST
12 | CODE 26 | OscC2 Ciock Out
13 CODE 27 0sC1 Clock in
14 CODE 28 Vss Vss=QV




A THIS TABLE INDICATES THE BASE UNIT AT EACH POINT WHEN IN THE SAME MODE AS THE
PORTABLE UNIT.

(Logic Conditions) (See Block Diagram)

~

Conditon o @ | @ | ® ® © ®
STANDBY MOOE (idie) JUL|JULJUL| UL | UL | JuL [ JuL| UL
STANDBY MOOE .

(Receiving a ring signal from th H L H H L (I JUYy w —

Base unit) .
TALK MODE L H L L H H L —
TA('\}'mefL?éE dialing) Flashing H H L H L H -
T%M%é ialing) L H H L H H H -
Bafiery HIGH H - - - - - - H
Batiery LOW Flashing —_ —_ — — - —_ L




B CPU OPERATION

1 TEL MODE
Operation| Portable | Portable |_. . Base Unit | Portable
; . Ring Signal )
CPU mode Unit Unit RECEIPT CALL Unit CALL | CHARGE
. STAND BY| TALK Output | RECEIPT
terminals
1 Vee H H H H H H
2 TXON L H H H L L
3 OUT DATA —_ — DATA DATA —_ —_
4 SQL L H L L H L
5 INDATA — DATA —_— —_ DATA —_—
6 RING H H R H H H
7 CHARGE L L L L L H
8 NC {Not Used)
9 CALL KEY H H H L H H
10 % Break
11
12
13
14 CODE
15
16
17
18 -
19 R.CALL L L L L JuuUire L
20 M.CALL L L L JUUUL | JUUUL L
21 LED (CHARGE) H H H H H L
22 LED (IN USE) H L H L H L
23 PULSE L H L L L L
24 MUTE —_ —_ —_ — - L -
25 RESET H H H H H H
26 OSC2 —_ - —_ —_— —_—
27 OSsCi —_ —_ —_ —_ - —
28 VSS L L L L L L




SCL4066B

CMOS QUAD ANALOG SWITCH

FEATURES

¢ Transmission or Multiplexing of Analog or
Digitat Signals
¢ 80S) Typical ON-Resistance for 15-Volt oper-
ation -
4 Switch ON-Resistance Matched to within 5§
over 15-Voit Signai-input Range
4 ON-Resistance Flat over Fuil Peak-to-Peak Sig-
nal Range
¢ High Degree of Linearity:
<0.5% Distortion (typ) @ {jg = TkHz,
Vis = 5Vpp, VDO-Vsg 2 10V, Ry = 10k§1
¢ Extremely Low OFF switch Leakage Resulting
.n very Low Offser Current and High Etffective
OFF Resistance:
10pA {tvp) @ Vpp-Vgg= 10V, T5=25°C
¢ Extremely High Control input Impedance (Con-
trot Circuit Isolated from Signal Circuit):
10120 (ryp)
¢ Low Crosstaik between Switches:
-50d8 (typ] @ fio = 0.9MHz, R_= 1k}
¢ Matched Control-input to Signai-Output Capac-
itance Reduces Output Signal Transients
¢ Frequency Response, Switch ON = 40MHz (typ)

DESCRIPTION

The SCL4066B is a Quad Bilateral Switch
intenaed for the transmission or muitiplexing of
analog or digital signals. It is pin-for-pin comoatible
with the SCL40168, but exhibits 2 much fower
ON-resistance. !n aadition, the ON-resistance is rel-
atively constant over the full input signai range.
The SCL4066 consists of four independentbilat-
eral switches. A single contro! signal is required per
switch. 8oth the P and the N device in a given
switch are biased ON or OFF simulitaneously by
the control signal. As shown below, the well of the
N-channel device on each switch is either tied 0
the input when the switch is QN or 10 Vgg wnen
the switch is OFF. This configuration minimizes
the variation of the switch-transistor threshoid

SCHEMATIC DIAGRAM (one of four switches)

~
v, SLPATION [__._.—-__._‘

IONTER -UInG Blased | " H
SHTONMDR vy | = 1
100w OFF, N " ergg l | IS ; —_
— e ') 2T
' 1l
comteaL [ pup 138 =
- [ Ao : —_
o] —— —_—
! by ' SITAAL-LEVIL 2ARCE

Lo | S

CONNECTION DIAGRAM
{all packages)
Switch .

A Switch D Switch C
-~ ettt
Vpp € C IN OUTOUT IN

1 | ! ! ! i !

14 13 2 1 10 3 3
SCL40668B

1 2 3 ¢ 5 5 7

1 1 i 1 [ i 1
IN QUTOUT IN C C Veg
TNt B, —
Switch A Swnen 8 Sw(:::cn

Add suffix for package:

C  14.pin Cergip £ i4-pin Flat
D  14-pin Ceramic H Chip
€ 14-pin Epoxy

RECOMMENDED.OPERATING CONDITIONS
For maximum reliability:
VDD - /ss
Ooerating Temoerature Ta

C. D, F, H Device
Cevice

DC Suopiy Voliage _3 to 15 Vde

S51t0+125 °C
4010 +85 °2C

voltage with input-signal, and thus keeps the ON-
resistance low over the full-coerating range.

The advantages over singte-channel switches in-
clude peak input-signal vortage swings equal 10 the
full supply voltage, and more constant ON-imped-
ance over the inout-signai rance, For sampie-and-
hoid applications, however, :he SCL4016 s )
recommended.

LOGIC DIAGRAM
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SCL40668

T i FUPPLY VOLTAGE: Vo' 5V TOUTT XTSI
330) sy TCMPCAATURE [Tr=r=- N vy #=3V Zamy )00 w0, 080
H Tad=23°C T 2 I
?, = = ANSHNT TOWALRATURE [T,)+23°C LSS
< repeyrree® e - e * A By
t Ao b SUPPLY VOLTAGE l”e,- > e e ==
..g $ T - vop-vssto 3y lo133]s . l -_’....:-q*...
2 -t ) T
K- 3 2 Ty
= Py pepuany i - £ e
s I Y tx Syfas siae e EEIERE NI 2 e
v 1E— . - 5
z 2 v ) .=,
H > — — e 2
by »
z AT T g vo. Voo
S S oS — = > o—
s -:__m:;__'__,..-__‘._-..__:..-. T— " X
o (¢ pundis Sl s d nb e - Voo
3 -t + + — b H Tore
‘o Megusnesy: 3 swTons
H = A 13 vid g - [
PR el 2 P .
z - T tejloet
: Tt Ty 5 - K
v B = s amwrs banag 0 === 13
o ——— i e e ALL UAUSED TE RS
x A an{ CONMICTCD TO ves.
TR -2 E) . 6 . 3 - -2 E) H . 0
SGRAL YOLTSGE (v;,} = vOLIS -, - TagE 1v, 1 —vouTs

Typical channel ON resistance vs. signai voitage for Typical ON characterisiies for 1 of 4 channels.
three values of supply voltage (Vpp-Vs)

SUPRY VOLTS: vog© =5, ves 3 <08 2 r vOLTMETCR ’ S Vo =3
IMPUT JiCRE, VOLTS [Vig)e 3 Ve-» pecbney Ol i ZomteoL vou;ate\g» A H
g wavEILTY Rug) ‘e ’ ~a b MPUT SIGRAL VOLTS (V)09 Vao SINE wave (LTT Rurf) {
tees oo Seteuw ! 2 200 LOLD CAPMCITARCE (CL )oCFIX TLIE ~CuETER
[conTmoL voLTs tvetee D S ¥ 3
<080 CAMMCTMMCE o (Crix *CugTEm) ST ‘o iz '.'m“:':’ meTER Saen o y
[ S e, Sty :
Sl E—. 12 a3 Ty as e 57
. =c 12 2 t
5 = i i P oleriy i S i H
e FE = :
f ' . o . [ ' & ™ ! 6
- o b H } : i . i3 , Q in 3
§ T —ices megsTamcrtAeMa Ty T ) | : 33 s 3
H H H H -
33 ° ; '3 ! .3
L : 12 7 .
I P (3 : ]
=z ]-3- H 1y
tg N Vot | H . i : .
3 N : ] ! . ! i
oy — - - O 1
ar < “ 1 i o= o*
weUT SIGHAL FREQUENCT [1) ] ume T SIGRAL FAEQUENCY (ng) 1ny
Typ. switch frequency response - switch “ON” Typ. feedthru vs. freq. — switch “OFF~
H |SPMI VOLTS:Vngeed: vggo=3 ]
: *SNRST SIGHAL VOLTS (Vigit § Veus SINE i
i 1
! /g U ;
H ! s e EET
H e
s ! g"ﬂ : ong
FANI {
4 1 -~ \ R
2 -
C
[ !
. i ALL LeUSEO TERMmALS
it 1 ABE COmMELTLD TO v,
2 - i i
120 peOnes 41 1) Pl H
o » © R 3% " tle
SUT SGEAL FREGUERCT t1, )= ers -
Typ. crosstalk between switch circuits in the same Test circuit, crosstalk-control input to signai outpuy

. package

™



SCL40668B

SPECIAL CONSIDERATIONS — SCL40668

1. In apolicauons where separate power sources are used 0 drive Vgp and the signa!
- inputs, the Vpp current czpability should exceed. Vpp/Ry {Ry = eifective externat
load of the 4 SCL40G6B bitateral switches). This provision avoids any permanent
current flow or clamp action on the Vpp supply.when power i; applied or removed
from SCL4066B. . .
2. In certain applications, the external load-resistor current may include both Vpp.and
signal-line compaonents. To-avoid drawing Vpp current when switch current flows-
into terminais 1, 4, 8, or 11, the voltage drop across the bidirectional switch must not
exceed 0.8 voit (calculated from Ry values shown). ’
.- No Vpp curmrent will flow through Ry_ if the switch current flows into terminals 2, 3,
9, or 10. Failure to observe this condition may resuit in distortion of the-signal.

APPLICATIONS INFORMATION

o) 337
e
—O0% [
s} oFOT
¢} OPST Vosaz .
154
v-go—%—ovu Visa ! Yosa osa | Vosaz
‘ O—7—0" Y24 Ot 77O s o= T2
. .
- " o—clr"—vo "’6—0 c.’o—?:
s 7Y oss e o8 @-@"osu iae
Zan
O M vs.o-——“@—o-m.
—Ove SAN -
Basic Switch Functions using the SCL40668
€4=0.001C; |
i}
1
fce -
SELECT O 30013, | l
—it : << T
ey z OPEN LOOP cuu__:__
SELECT O H ~
" C2-0.1C; E) \l |
CONTAOL —} ‘@ 2 er ey lex e i«.
‘2 = - —— A —
SELECT 2 H
4 o = 3 \J\L “ ~ ‘l
T 2 =
c
 stLeet o \1
FREQUENCY - He
a, A AL IVOLTAGE CAIN BELOW BREAK FAROUENCY)
v u
1L} - - "1
. " - 1
O Your ¢ IBREAK FREOUENCYY P
" A (UNITY GAIN FREQUENCY) = —
az JemyCx

i

Active Low Pass Filter with Digitally Selected Break Frequency




STATIC CHARACTERISTICS '-°

ELECTRICAL CHARACTERISTICS

SCL40668B

vV, Vv, Tiow® x°c T, LA
PARAMETER | CONDITIONS | y5oy | (vact Feemos T Unies
i P Min. | Max. | Min. | Typ. | Mex. | Min. | Max
QUIESCENT DEVICE J
CURRENT loo | Vin=Vss o Voo 0 51 - 1| 005 - lo.ooos| 0.05] - | 1.5]uAdq
All vaiid input 0 10 - 0.1 - 0.001 0.1 - 3.0
.- combinations 0 15 | - 02| - j0.002| 0.2 - 8.0
MINIMUM INPUT HIGH Vie i
VOLTAGE : | Vig = Ves 0 s| - | a0] - 275 ] 40| - | 40} vae
1Controt input) Ves™ Vap 0 0} - 80| - |S5 8.0 - | 80
l log = 104A e | 5| - 120 - |82s {120 - {120
| MAXIMUMINPUT LOW Vie
OLTAGE Vi = Vss 0 5}10] -] 1ol22s) ~ | 10| -] Vde
tControt input Vos® Voo 0of w]201 - [-20(45 - 20| -
log = 10uA ol isia0) -] 30{ers| - | 30| -
| SWITCH INPUT/QUTPUT lose
LEAKAGE Ve o Vg 25 [ +75] - {=100| - [£0.01]=100] - | £200|nAdc
V.gs 27.5Vee :
| ON-RESISTANCE Ron | : i
2.9.F Haevice { Ve *vzo 751781 4 a0l - | so| 20| - | 320 2
| Vegk Vig& Vag 0 | ~15 | .
Ry = 10k Q !
S 1+ 0 _ | q0f - | 120] e00f - | ss0f @
{ o |ew0]
1
i t
! 25 [ +25] _ lxe| - | z0|2s00| - | 3s00| @
: i 0 -5 i ,
¢ Ecewice Ron | Vg " Vop 7.5 b7.55‘ —~ . 0| - gal 280 _ 300l Q-
, Yss&V.s&Veo 0 ;=15 : -
'R = 10k€ .
| P S il - } 130| - | 120f s00f - s20| 2
; ! 25 | +251 ! |
i : - S - — | 3200
.| i o |5 i i2100 270} 2500 Q
i ON-RESISTANCE MATCH ARgy i
; 1Same package) - Ve =Vng 75 1415} - _ s| - _ 1 'a
E Vss&Vig& Voo 0 [ #s
t Ry =10k € -
] Sos Lo~ - | - - Q
0 | +0
H 2.5 ) +25 - _ - 10 - - aQ
] 0 |+

NOTES: ° Aemaiming Static Electrical Charactenstics are listed unaer ~SCL40008 Series Family Soecifications”
® TLow ==55°C for C, D, F, H oevice.

= =30°C for E device.

Tuicw = #125°C for C, D, F, H cevice.

=+ 85°C for E dewice.

* This cevica has been designed for balanced output drive current specifications. Cansuit Family Soecifications.




scLaoee8
ELECTRICAL CHARACTERISTICS (Continued)

DYNAMIC CHARACTERISTICS (C, =50pF, T4 =25°C)

PARAMETER .| conormons | Uss, | veB, | min. Tye, Max. | Unis
SIGNAL INPUTS (Vi) AND OUTPUTS (Vg,)
PROPAGATION DELAY TIME | tp | Ve=Voo . -
towy | Vu=Sauare 0 5 - 20 40. ns
Signal Input to Signal Output Wave 0 0 - 10 20
Ry = 10k 0 15 - 7.5 1§
BANDWIDTH (-3d8} BW |V.*Vpoo Ry
{Sine Wave) Vi *SVpoi 102 -5 +5 - 54 - MHz
centered { 10k} - 40 -
@ 0.0vda100kQ - 38 -
1MQ .- 37 -
INSERTION LOSS
‘J',I +
(=20 log,or‘l VesVgg R
—
Ve*5Voo[ 1kQ| -5 +5 - 2.3 - a8
centered [ 10kQ - 0.2 -
@ 0.0Vde 00k} S A -
— :
LY -~ ' 005 —
SIGNAL DISTORTION
(Sine Wave) V.=Vpp -5 +5 - 0.16 - %
V=5V,
centered
@ 0.0Vde
t.,=1.0kH2
R, = 10k
FEEDTHROUGH (-50d8) VoaVes Ry
Va=5Vpor 1kO| -5 ] - 1250 - kHz
- centered | 10kQ - 140 -
®0.0Vdc 000k - 18 -
. 1M - 2 -
CROSSTALK {-50dB) V (AlV5o 5 +5 - 0.9 - MHz-
Between Two switthes . | VelBl=Vgg
ValAl=5V, o
centered
@0.0vde
Ry = 10k
CAPACITANCE
Input Ca - 8 e oF
Ourput Cos {Vc = Vss -5 5 - 8 - pF
Feedthrough Cis - 0.5 - oF
CONTROL INPUT (V¢)
PROPAGATION DELAY TIME | tee | Vss<V4&Voo 0 5 - 50 100 ns
Turn on Ry = 10kQ2 0 10 - 1 25 50
o] 15 - 20 10
MAXIMUM INPUT f.  1Veg&V,<Vop ) 5 - 3 - MHz
'FREQUENCY i Ry = 1.0kQ 4] 10 - 10 - .
t 0 15 - 12 -
CROSSTALK i g :
{To signai port} V.=Square Wave | 0 5 - ¢ 30 - mv
Ry = 10k ol 10 - | s0 -
R., = 1.0kQ | 4] 15 - ;100 -




MOTOROLA
SEMICONDUCTOR Emsserrerss
TECHNICAL DATA

MC34012-1
MC34012-2
% MC34012.3

Advance Information J

_ TELEPHONE
CONE RINGER TONE RINGER

TEIZFHONE

-1

BIPOLAR LINELE 12

=

: PLEETIC FLTXKAGE
: CASE 426

LPELICLTION ZIRCUIT

; !
! 80y T\’-
' 1,‘55 '~ sc & Il !
ey e | | ; i
i E-'v é
i

S U—— [

;_._m:ﬁa - E
i

N ) Eiement

H
AN N L S S A A .- - iy ens we mas .
eIt I NANRe ML DT T

MET IR TIL TELESAAMLNGCATIONG DEVICE DATA



MC34012-1, MC34012-2, MC34012-3

LPPLICETION CIRCUIT PLRFORMANCE

- Cherecterintic ‘ Typica! Vaive ' Unhs “
Output Tond Brequencres | ! |
MC3£012-1 i 832. 1540 i M :
ML32012-2 . i 1§52.,2080 H l
MC3012-3 H £16:520 i :
Warble freguensy . 12 i i
: H .
Cumun Vorage . 20 i Vp.s H
Vi3 6D Vypmg 20 M2 : i ;
Outout Duty Cycle : 50 1 ~ t
Renging S:ar Inpust Vorape (25 M1 i 3% . i Vg 1
Ringeng Stoc Input Vokage (20 Mr) i : . : Vems
Manimum: a¢ bnpu: Volisge s 6E Ha) i s . Vims
impecarce Whnen Ringing H ' ')
V) 540 Vypmg 15 7 i 70 )
ViE 130V, my 307 . 32 .
Impecanze Wher Wt Renging : :
Vie 10 Vymg 34 H2 H 2t : an
Vi9 28 Vi 28 M2 H s1e i (5]
Vi* 10 Veme £ CH2 ' p? : &
Vi 20V, 200-2200 Kz ! >0 H ma
Marimur. Trangnent inpy Volage ! k-] . v
feCmu 4 i

PIN DESCRIPTIONS

Nams i Description - j
£Cy &Ca i The input 1erminsts ic the full-wpvr €50+ Dridge ~he aC rinDIng S1Gnal 110 1he Teledhone hne '
P energizes the tinger through thiy 271000, !
RS . The positive oUIDY: ©F 61000 DG 1C whac?. BT ETIernE] CUTTEN: SerSe reSIFIO iS ZONNRC eC
Rl i The positree supply 1erming for The c3eHIa10%, reGuency Cride: 8nC DUTDUT Dutler CrreL=s
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ELECTRICAL CHARACTERISTICS 12+ 25%)
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MC34012-1, MC34012-2, MC34012-3

=& MC3S512 Tone Ringer cetives its powe’ supRly by
recifiving the 3C nINDing sigral. It uses this power 10
Fouvite 3 tone generdiof ent drive l.piezo-:erlmic
sarscucel The tone genereiion circuitty includes @
rel2ranen oscillator and {requency Cividers wnich
oroduce hugh end low {recuency :ones 25 weli 8§ the
wone warble {requency. The relgsanon escilizior {re-
quency fp is sei by resisicor u2 peo capaciior C2
connecred 10 piniRC. The oscilaior will poerete with {g
frcm 5 O kHz 10 10 &H2 with the Droues shaice of exzernel
con.zonents iSee Figure 1).

Tne frequency of the tone sinpe: DUt sipra: 81 pin
#0 stermates beiween fg -4 10 1575 The watble rare 81
which tme freauency changet is 1320 for he
WML32012-1, 15 "G40 for the 14C22042-2. of {gs 165 tof
e MC3£012-3. With 2 2.0 kN2 csciliator frequency. 1he
A C32012-1 produces 0T Hi eno 1000 Hz 1ones with 2
12 5 Hy warble rate. The MC32012-2 generties 600 Mz
snc 2000 Hz tones with 2 similar 12 5 Hz wardle
frezuency from an B.C H2 oscillator frecuency. Tne
WC2D12-2 will proZuce €00 Ha anc 502 Mz tones wein
8 %2 SHz wardle rate from3a 2.0 kH2 oscilizror tresuenty.
The 1one ringer outpul Litcul can source o7 sink 20 MA

-« ar. putput volisge swing of 20 volis peske1o-pedk.
Voiome control 15 resdily imotemenited by #dding 3
variable TeSiSIZNCE 1 seriet wiin she PIeIc TRANSOJCET.

Input signal derection circuitry aclivates tne tone

nnger ouipui when the aC fine volizge exteecs

orogrammec shreshold level Fesiston R2 ceermines 1NE
ringing signal amplitude 81 which 80 outout signe! will
be generszec 31 RO The ac ringeng signel s rectifie€ by
ene inzernal ginge brecge The recufie¢ nput sigral

FIGURE 1 — OSCILLATOR PERIOD 11/} versus
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CIRCUIT DESCRIPTION

+
SroZuces 8 cutrent i - A WAt b inpul 2t erTungl
Ri. The volisge BLTOS! ot B2 o *ittered by C2SACNOF
C35ishe Nzl he et o7 o Cirzuoit When the vollage
on szpscitor C2 exceews  wolis, The "SisERgic com-
pacaior enedles the 10mm o 1fe” OLTOW", Lina'Y
sraduzed by dulse Gi: g telephores OC
apscior C3 sufficie. i~ 1c actrae ne tone nnger

cuiput. .
Casacitors C3 ant €& 37 feenss 2 petermine the

10 volt, 24 H sigREILTE 165t ADECENLS L& e'nn Nrovides
(ittering for thE CUIDUVI SRS SOWE! edRly e prevent
g-o00 in the scuste. wrve culput Signal S- a des in
sentr wah the édectfy ng Sroams [ROVATE ITE MwUessatY
not-tinskt ity tor the 2.5 vol e w3 $igrensie 12318,

A internsi prunt volibge cesulaion Deiween 1he RI
png RG 1ermunsls provides ec v=irdge 10 power oulput
soet wgoiizree s g frecusnlt a~ders. The dz volisge

2: RlislimheZic |;;1o--m=¢|\~:; volis in regutation To
protect the il from 1etephone hine wansients. ar SCRis
tnggerec when the regulsior current exceeos 50 mA
The SCR divens cunznt from +hg shunt reguizior @no
reduces the powet gigssetion wnhin the 1C.

EXTERNAL COMPONENTS

T Line smput tesmsior 7% controls the tone }
ringer DU IMDECINCE R siso influences H
ringaog ThresnoiC voTage ang limits current
trom ime TreNsients.

Sange 2.00 1010001

b4
-

Line inout capesnor C3 8¢ couples the 1one
smyer 1C INL 1elephone hng and conmrols
songe® DUt sepecance 81 low frequencees.

Range: 04 »F 1020 FL
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tRange: 150 xN 1 30040
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1 Z.nping thretnoiq fiker capICAO! C3 tikess 1he
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{ 1rcesr.oic cO 2uBice T aiss Drovioes Sialer

{ ransent TEEeSIOn

Liaange 05.F0 5.0 »Fi.

‘ Ainper sudply canacnor. o4& fihvets SUDDIY
Jonrape for 1ne 1one geneTsuUng circum & 250

! srowicies ar #C Suten: Dath fom the 10 Vemg

1 ninper FIgRET Sance.
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MC34912-1, MT34012-2, MC34012-3
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FIGURE 7 = TEST SIX
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THE APPLICATION OF A TELEPHONE TOKE RINGER AS A RING DETECTOR
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Features
e Complete DTMF Receiver

e Low Power Consumption

o Internal Gain Setting Amplifier p

e Adjustable Guard Time i‘.: s ; :; %:321'

,e Central Office Quality o« 03 sl est

e Power-down Mode ":_: : : :z s z“D

o Inhibit Mode FWON L] v 13"% Q3
osa (7 npa

Applications o5 E E s 2

¢ Receiver System for British Telecom (8T) or

- CEPT Spec (MT8870C-1)
,* Paging Systems
e Repeater Systems/Mobile Radio Ordermginiormstion

e Credit Card Systems

¢ Remote Control

e Personal Computers

¢ Telephone Answering Machine

Description

The MT8870C/MT8870C-1 is a complete DTMF
receiver integrating both the bandsplit filter and
digital decoder functions, fabricated in Mitel’s
double poly 1S02-CMOS technology. The filter

1s02-cMoOs MT8870C/MT8870C-1

Integrated DTMF Receiver

FEARTE
ISSUE {

Pin Connections

MTB8870CE/MT8B70CE-1. Plastic DIP

MT8870CC/MTE870CC-1 Cerdip

MT8870CS/MT8870CS-1  SOIC
—40*Cto +85°C

high and low group filters; the decoder usés
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 ampilifier, clock oscillator and
latched three-state bus interface.

section uses switched capacitor techniques for
vDD- V5SS . VRef iNH
T__T = T
PWON q._.. BIAS —’
) CIRCUIT VRef
BUFFER I
- I Q1
i HIGH GROUP
CHIP  CHIP
POWER  BIAS FILTER DIGITAL CODE Q
DETECTION CONVERTER
e DIAL 26RO CROSSING ALGORITHM | | AND LATCH
TONE DETECTORS Q3
IN- N
FILTER
es 1 LOW GROUP - .
FILTER Q
{>¢ TO AW f E
St STEERING
CHIP _ .
CLOCKS GT LOGIC o t
AN
’ ) !
Ll .
osc o0sc2 SUGT €St $10 TOE

Figure 1 - Functional Block Diagram



MT8870C/MT8870C-1 150%-cMOS

Absolute Maximum Ratings’

Parameter Symbol Min Max " Units
1| DCFe Supply Voltage Voo 6 Vv
2| Vo on any pin Vi Vss—03 | Vpp+0.3 v
3| Currem at any pin (other than supply) h L 10 mA
4] Stermge temperature . Ts16 -65. +150 C
5 { Ppekage powe: dissipation Po 1000 mwW

‘Exceedmg these va'.cosmay d\:;e.pe'manent damage. Functiona! operatien under these conditions is not implied.
Derate abows 75 °Cat ok ~ab' 1°C All leads soldered to board. -

Recommenred Operating Conditions - voltages are with respect to ground (V) unfess otherwise stated.

Parameter Sym | Min | Typ' | Max | Units Test Conditions
1 DC Power Supply Voltage Vnn | 4.75 5.0 | 5.25 Vv
2] Operating Temperature To | —40 +85 1
_; Crystal/Clock Frequency fc 3.5795¢45 MHz
4] Crystal/Clock Freq.Tolerance Afc +0.1 %

! Typicatl figures are a1 25°C and are for design aid only: not guaranteed and not subject to production testing,

DC Electrical Characteristics « vog=5.0v+ 5%.Vy;= 0V, £0°C % Tg =  B5°C, unless otherwise sta1ed

Characteristics Sym| Min Typ: Max |Units Test Conditions
Rl : Standby supply current ooq 100 pA |PWDN=Vpp
_2- p |Operating supply current loo 3.0 9.0 mA
3 : Power consumplion Po 15 S0 mW | 1¢=3.579545 MH2
Y
4 High level input Viy 3.5 V {Vpp=5.0V
5| Low level input voltage Vi, 1.5 V {Vpp=5.0V
__6_ ,', Input leakage current /iy 0.1 pA | Vin=Vesor Vpp |
? l:{ Pull vp {source) current %o 7.5 i P ;i-ii:;;;/:;:i‘;, d
5] s [Pull down (sink) current Is) 15 45 pA | INH=50V, PWDN=5.0V,
Vpp=5.0V
9| [inputimpedance (IN+. IN-)| Ry 10 MQ | @ 1kHz
TO- Steering threshold voltage | Vyg¢ 2.2 ’ 2.5 V |Vpp = 5.0V
11 Low level output voltage Vo Vgs+0.03] V  [Noload
17 ] 8 High level output voltage | You |Vpp-0.03 V |Noload
E : Qutput low (sink) current ot 1.0 2.5 mA {Vour=04V
14§ y |Output high (source) current] oy 0.4 0.8 mA |Voyr=4.6V’
E 7 [Vreroutput voltage Vret | 2.4 27 | V |Nzlsad Voo = 5.0V
16 VEet Cutput resistance Ror 10 kQ

' Typicalfigures are a1 25°C and 2re for design aid only: notguaranteed and not subject 16 production testing.




Iso%.cmos MT8870C/MT8870C-1

Operating Characteristics - vpp=5 0vVESK, Vi =0V, -40°C s Tg s +85°C urlews otherwise stated.

Gain Setting Amplifier

Characteristics Sym Min Typ* | Max | Units Test Conditions

1] input leakage current hn 100 nA | Vg Viy SVpp

2 | Input resistance Rin 10 MQ

3 {Input offset voltage Vos e 25 mvV

4 | Power supply rejection PSRR .S0 d8 |1 kHz

S | Common mode rejection CMRR 40 dB | =3.0Vs V=30V
6 | DC openloop voltage gain Avor 32 d8

7| Unity gain bandwidth fc 0.30 MHz

.8 ] Output voltage swing Vo a0 Vpp |Load 2100kQ to Vg
9 { Maximum capacitive load (GS) C 100 pF
10 { Maximum resistive load (GS) Ry S0 kQ
11 | Common mode range Vem 25 Vpp | Noload

MT8870C AC Electrical Chara cteristics' - Voo =5.0V £5%, Vi =0V, .40°C S Tg 5 + 85°C, using Test Circurt shown in

Figure 2.
Characteristics Sym Min Typ: | Max | Units Notes*
i onal fevel -29 dem [1,2,3,5.6.9
| [ ot
signal) +1 dBm 11,2,3,5,6,9
869 | mVgms |1,2,3,5,6,9
B Negative twist accept 6 dg  12,3,6,9
T Positive twist accept 6 dB 2,3,6,9
4] Frequency deviation accept +15%% 2Kz 2.3,5.9
-—; Frequency deviation reject . X35% 2,3,5,9
6| Third tone tolerance . —-16 dB 2,3,4,5,9,10
[ 7] Noise tolerance -12 ds 2,3,4,517,9,10
8 Dial tone tolerance +22 d8 2,3,4,5.8,9,11

"Typical figures are 2125 °C and are for design a:d only: not guaranteed and not subject to production testing
NOTES

1.dBm= decibels above or below & reference pcwer ef 1 mwW into 2 600 ohm load.

2. Dignt sequence consists of all DTMF tones.

3. Tone duration= &0 ms, tone pauvse = 40 ms,

4. Signal condition comists of nominal DTMF frequencies.

5. Both tones in compasite signal have an equal amplitude,

6. Tone pairis deviated by +1.5 % £ 2 Hz,

7. Bandwidth limited (I kM2 ) Gaussian noise.

8. The precise dial tone frequencies are (350 H2 and 420 H2) + 2 %.

8.Foranerror rate of betier than 1in 10,000,

10. Referenced to lowest level frequency component in DTMF signal.

11. Referenced 10 the minimum valid accept level.

12. For guard time caiculation purposes.




MT8870C/MT8870C-1 1502-CMOS :

MTB8870C-1 AC Electrical Characteristics'. vp,=5.0v4 5%, Vy =0V, 40°C & To S + 85°C.. using Test Circuit
thown in Figure 2.

Characteristics Sym Min Typt | Max | Units . Notes*
Vald inputsignal fevels -31 +1 dBm |Vpp=S5.0V
-1 (each tone of composite 18 869 | mVams | 1-2-3.5.6.9
- signal)
-37 dBm | Vpp=5.0V
2 Input Signal Leve: Reject 109 mVrms | 1-2:3:5.6.9
T Negative twist accept 6 dB 7.3,6.9
2| Positive twist accept - 6 d6 ;7.3.6,8
s | Frequency deviation accept +15% % 2Hz 2,3,5,9
6 | Frequency deviation reject +3.5% 2,3, 59
7 Third tone tolerance -18.5 daB ] <.3,4,5,9,13 .JZ-
8 Noise tolerance -12 dB  2,3,4,5,7,9,10
B Dial tone tolerance +22 dB ’2.3.4,5. 8,9. 1
"Typical figures are 21 25 °C and are for design asd only ot guaranterd and not subsect 1o production testing,
*NOTES

1.d8mz decibels above or below a reference power of 1 mW into » 600 ohm load.
2. Digit sequence consists of all DTMF tones.

3. Tone duration= 40 ms, tone pause = 40 ms,

4. Signal condition consists of nominal DTMF frequencies.

S. Both tonesincomposite signal have an equal amplitude.

6.Tone pairindeviated by 1.5 %R * 2 Hy,

7. Bandwidth fimited (3 kM2 ) Gaussian noise. -

8.The precite dialtone frequencies are (350 Hz and 480 H2) £ 2 %.

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

10 Referenced 1o lowest level {requency component in DTMF signal.

11, Referenced to the minimum valid accept level.

12. for guard time calculation purposes.

13. Referenced ta fig. 10 input DTMF tone level 3t -25d6m (-:2BdEm at GS Pin) interference frequency range between £80-3400Hz.




ISOZ-CMOS MT8870C/MT8870C-1

AC Electrical Cha racteristics . Vep=5.0VESH, Vi =0V, -20'C s To s +85°C, using Test Circuit shown in Figure 2,

Characteristics Sym | Min | Typ* | Max | Units Conditions
1 Tone present detect time tor S 11 14 ms | Note 12
2 . Tone absent detect time tpa 0.5 4 8.5 ms | Note 12
3| 1t |Tone duration accept trec | 40 ms 1 User adjustable
— ™
4 ': Tone duration reject tREC 20 ms | User adjustable
S| G [Interdigit pause accept tio 40 ms | User adjustable
6 Interdigit pause reject too 20 ms | User adjustable
? Propagation delay (St to Q) teq 8 1" ks |TOE=Vpp
8 o | Propagation delay (St to $tD) tesio 12 16 #s | TOE=Vpp
v =
S| I [Outputdatasetup(Qtosto) tosio 34 ks | TOE=Vpo
10| ¥ | Propagation delay (TOE to Q ENABLE) | tre 50 ns 's%ad:’ 10kQ,
s P
11 Propagation Jelay (TOE to Q DISABLE) | P10 300 ™ zﬁ:ﬁo kid,
P
12 Crystal /clock frequency fc  ]3.5759{3.5795/3.5831| MHz
13] € [Clock input rise time temet 110 | ns |Ext. clock
14| o | Clock input fall time tuict 110 ns | Ext. clock
15] & | Clock input duty cycle OCa | 40 | 50 | 60 | % |Ext clock
16 Capacitive load (05C2) Clo 30 pF

! Typical figures are 2t 25°C and are for design 4:d only: not guaranteed 2nd not subject to production testing.

Voo .
pTMF O—f .
Input B MTB870C/MTE870C-1 T
IN+ u VDO
Eg N~ SLGT [ .
—{] Gs £se [0 '
I u KA st P—————O
O O inH q¢ J———O
O————( rown Q@ p——0O
Ci_f osci o p———O NOTES:
x-al Ly —] osc2 1 ———0 Ry R;= 100kl 1%
Ve, o8 P— R=300kQ £1% - ~-
€\.C;2100nF £5%
177 X-tal =3.579545 MHz £0.1 &

Figure 2. Single-Ended Input Configuration



MT8870C/MT8870C-1 1502-cMOS

Pin Description

Ping Name . Description a

1 IN+ | Non-inverting Op-Amp (Input).

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

3 GS Gain Select. Gives access to output of front end differential amplifier for conne-tion
of feedback resistcr.

4 Viet Reference Voltage (Output), Nominally Vpp/2 is used to bias inputs at mid-rail (see
Fig.2). ! -

S INH Inhibit (Input). Logic high inhibits the detection of tones representing characters 4, B,
Cand D. This pin input is internally pulled down. .

6 PWDN |Power Down (Input). Active high, Powers down the device and inhibits the oscillator,

i This pin input is internally pulled down.

7 | o0sc1 [clock(input).

8 0SC2 | Clock (Output). A 3.579545 MHz crystal connected between pins 0SC1 and OSC2
completes the internal oscillator circuit. .

9 Vg Negative Power Supply (Input). ]

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

11-14 Q1-Q4 |Three State Data (Output). When enabled by TOE, provice the code corresponding to
the last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs
are high impedance.

15 StD Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated: returns to logic low when the voltage on
SUGT falls below Vyg,

16 ESt Early Steering {Output). Presents a logic high once the digital algorithm has detected
avalid tone pair (signal condition). Any momentary loss of signal condition will ca use
ESt to return to a logic low.

17 SUGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg,
detected at St causes the device to register the detected tone pair and update the
output latch. A voltage less than Vi, frees the device to accept 2 new tone pair. The
GT output acts to reset the external steering time-constant: #tyvtate i¢ a functian of
EStand the voltage on St.

18 Vop Positive power supply (Input).
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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 QUTPUTS.

Q ERD OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT VALID TONE.

o) QUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.

€) TONE #n+ 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN QUTPUTS (CURRENTLY HIGH
tMPEDANCE).

f} ACCEPTABLE DROPOUT OF TONE #n+ 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCHED,

[} END OF TONE #n+ 1 DETECTED, TONE ABSENT DURATION VALID, QUTPUTS REMAIN LATCHED UNTIL NEXT VALID TONE.

EXPLANATION OF SYMBOLS

V.  DTMFCOMPOSITE INPUT SIGNAL .

ESt - EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.

SUGT STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT,

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

10 DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRE SENT/ABSENT FOR THE REQUIRED
GUARD TIME THUS CONSTITUTING A VALID SIGNAL,

TOE TONE OUTPbT ENABLE (INPUT). A LOW LEVEL SHIFTS Q,-Q,TOITS HIGH IMPEDANCE STATE.

b yed MAXIMUM DTME SIGHAL DURATION NOT DETECTED AS VALID.

tage MINIMUM DTMEF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.
to MINIMUM TIME BETWEEN VALID DTMF SIGNALS.

oo  MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.

toe  TIMETODETECT THE PRESENCE OF VALID DTMF SIGNALS.

toa  TIMETODETECT THE ABSENCE OF VALID DTMF SIGNALS.

teze  GUARD TIME, TONE PRESENT. .

tgra  GUARD TIME, TONE ABSENT. '

Figure 3- Timing Diagram
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Functional Description simulation by extianeous signals such as voice while

nreviding tolerance to small fiequency deviations
The MT8B70C/MTBE70C-1 monolithic DTMF receiver  and variations. This averaging algorithm has been
offers small size, low' power consumption and high  developed 10 ensure an optimum combination of
performance. lts architecture consists of a bandsplit immunity 1o tatk-off and tolerance 10 the presence
filter section, which separates the high and low  of interfering frequencies {third tones) and noise,
group tones, followed by a digital counting section  When the detector recognizes the presence of two
which verifies the frequency and duration of the valid tones (this is referred to as the “signal
received tones before passing the corresponding condition” in some industry spacifications) the

code to the output bus. “Early Steering™ (ESt) output will go to an active
state. Any subsequent loss of signal condition will
Filter Section cause £S5t to assume an inactive state (see “Steering

Circuit”™). .
Separation of the low-group and high group tones is ’ : .
achieved by applying the DTMF signal to the inputs Steering Circuit .

of two sixth-order switched capacitor bandpass .

filters, the bandwidths of which correspond to the  gefore registration of a decoded tone pair, the
low and high group frequencies. The filter section  receiver checks for a valid signal duration (referred
also incorporates notches at 350 and 440 Hz for 1 as character recognition condition). This check is
exceptional dial tone rejection (see Figure 4). Each  performed by an external RC time constant driven by
filter output is followed by a single order switched gt Alogic high on ESt causes v, (see Figure 5) to rise
capacitor filter section which smooths thesignals 5 the—tapatitordscharges. Provided signal
prior to limiting. Limiting is performed by high-gain  condition is maintained (ESt remains high) for the
comparators which are provided with hysteresis o validation period (tg1p), v¢ reaches the threshold
prevent detection of unwanted low-level signals.  (vyq) of the steering logic to register the tone pair,
The outputs of the comparators provide full rail latching its corresponding 4-bit code (see Table 1)
logig swings at the frequencies of the incoming  into the output latch, At this point the GT output is

DTMF signals. activated and drives v, to Vpp. GT continues to drive
high as long as ESt remains high. Finally, after 2
Decoder Section short delay to allow the output latch to settle, the

delayed steering output flag (StD) goes high,
Following the fiiter section is a decoder employing  signalling that a received tone pair has been
digital counting techniques to determine the (egistered. The contents of the output latch are
frequencies of the incoming tones and to verify that  made available on the 4-bit output bus by raising
they correspond to standard DTMF frequencies. A the three state control input (TOE) o 3 logic high,
complex averaging algorithm protects against tone  The steering circuit works in reverse to validate

D=941Hy
30 E=1209 Hy
7 f=1336 Hz
G=1477 Hz
l t { H=1633 Hz

I 7 1'\g AN
50 N N N
S TR T

0 ~—r
/ N ~ DIAL TONES
\ ,1 N N X=350 Hz
A 10 \/ Y= al0 Hy
]’ ll‘ DTMF TONES
. ] &) s
AT TN ] | C=es2Hz

X Y A g CD £
FREQUENCY (H2)

figure &- Filter Response
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D;g;t TOE | INH | £ST "] Q Q, Q,

ARNY L X - b4 4 Z 4
1 H L H [} 0 0 1
2 H t H o] 0 1 0
3 H L H 0 0 1 1
[ H L H 0 1 0 [+]

s "R ERIERE o | 3

[ H L H 0 1 1 0
7 H L H -0 1 1 1
4 H L H 1 0 0 0
9 H L " 1.] o.| o 1
0 H L H 1 0 1 0
. H L H 1 0 1 1
' ] L H 1 ] 0 0
A H t H 1 ] 0 1
] H L H 1 1 1 0
4 “ L ] \ 1 1 B
o] ] L H 0 0 0 Q
1 M H H 0 0 0 1
2 H M ] +] 0 1 0
3 H H H +] 0 1 1
[} [ H H [} ] ] [+]
H M M H ] 1 0 1
6 4 H H 0 ] 1 0
7 H H H 0 1 1 1
3 H H H 1 v} 0 0
9 H H M 1 [} [} 1
4] H H H 1 0 1 0
© H H H 1 0 1 1
s H H H 1 1 o 0
A H H L undetected, the output
L} H H L code will remain the same

‘¢ " L | a5 the previous detected
o ) # Hoy L code H

L =LOGIC LOW, H=LOGIC HIGH, Z=MIGH IMPEDANCE
Table 1- Functional Decode Table

Yhe interdigit pause between signals. Thus, as well
‘43 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 5 is applicable. Component
values are chosen according to the formula:

trec=tpp + tgTP
tio=tpa+tgra

The value of ipe is 5 device parameter {see Figure 3)
and tpgc is the minimum signal duration to be
recognized by the receiver. A value for Cof 0.1 pF is
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 (tgre) 2nd tone absent (tgra). This may be
necessary to meet system specifications which place
both accept and rejectlimits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters such
2¢ 221 off 2nd noite immunity. inoeasmg txec
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 relatively short tgec witls
along tpg would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 6.

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 S (INH). It inhibits the detection of tones

representing characters—A,8.C 3ad-D. The owtput

code will remain the same as the previous cetected
code (see Table 1).

, .
Differential input Configuration

The input arrangement of the MTB8870C/MT8870C-1
provides a differential-input operational amplifier
as well as a bias source(Vg,¢) 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 2
mﬂﬂh’evp-amp ToTmected {1 unity gain and Veet
biasing the inpl. at }Vpp. Figure 7 shows the
differential configuration, which permits the
adjustment of gain with the feedback resistor Rs.
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Voo
—_— - C
Veo r
SUGT Ve
1 i
[ 33 ] 2
$1D el
MIEs70¢/ fora = (RCHIn (Vop / Vay)
MT8§70C.1 ,
—_— e (RO In [Vop / (Voo Ve ] #

Figure 5- Basic Steering Circuit

e ={RyCy) In Vo 7 (VppoVi )]

LGra= (R G ) In (V! Vige)

Ry = (RyR,) / (Ry = R,)

2) decreasing tor: (tons <tera)

tov = {R,C) 10 (Vg 7 (V- Vig,]

Lra={RoCy) in (Voo / Vyg))

Ry = (R(Ry) / (R, Ry)

Voo
G
SUGT
R, <™ bl decreasing tory: (tory > tgry)
£3¢
Figure 6- Guard Time Adjustment
Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.579545 MH2 crystal andis
normally connected as shown in Figure 2 (Single
Ended Input Configuration). However, it is possible
to configure several MT8B70C/MTE870C-1 devices

—

oan | oAV TV l MTB870C/
¢ R N+ MTB870C-1
N~
<G R
Ry
L VIMN—O—
]
1 K’
vlv'
——t

DIFFERENTIAL INPUT AMPLITIER
(‘ =C, = 10 nf
Ry=R,=Ry= 100kQ
Ry=60k0 R,=37 5k

.
Allresistors a1e 2 1 % tolerance.
All capazitersare = 5% tolerance.

l’ = —.)_ll. .
Ry %y t
VOLTAGE GAIN (4, ¢it= P
Rl
INPUT IMPEDANCE M

2
(Zivour) =2/ ",*(.z.:—c)

Figure 7- Differential input Configuration
employing only a single oscillator crystal. The
oscillator output of the first device in the thain 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 8
for details. The problems associated with
unbalanced loading are not a concern with the
arrangement shown, ie; precision balancing
capatitors are not required.

Te OSC1 of next
MT8870C/ MT8870C-1

——

A4 X-tal
osCi

osQ2

o |
osc2 _I_”.__ osc1
C

C=30pf
X-1al3.579545 MMz

Figure 8- Oscillator Connection
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APPLICATION

RE'CEIVER SYSTEM FOR BRITISH TELECOM SPEC POR
1151

The circuit shown in Fig. 10 illustrates the use of
MT8870C-1 device in a typical receiver system. BT
Spec defines the input signals less than -34 d8m as
thé non-operate level. This condition can be
attained by choosing a suitable values of Ry and R,
to provide 3 dB attenuation, such that-34 dBminput
signal will correspond to -37 dBm at the gain setting
pin GS of MT8870C-1. As shown in the diagram, the
component values of R and C; are the guard time
requirements when the total component tolerance
is6%. For better performance, it is recommended to
use,the non-symmetric guard time circuit in Fig. 9.

ter = (ReCy) In Vo / (Voo Vi,
tera = (R Cy) In(Vpp 7 Viagy)

Ry =(R,R,)/ (R, ¢ R,)

StGT 1 l 1 Notes:
1
<

R = 36BK0 £1%
R, R,

£s¢ A Ry=22M0 £1%

Cy = 100nF £54%

Figure 9 - Non-Symmetric Guard Time Circuit

Voo
< ~
ptmf O—f
Input R, MT8870C-1 3
—C iNe L] Voo
1 g ™ seeT I .
—{] Gs £ST [— ]
M v, sto f—3—0O
o = o f———0
O————gmon g p——0
oscy 2 p———O NOTES:
% HOHg osc2 o p—4——0 £,=102K0 £ 1%
| g v Toe {— Ry=71.5K0 +1%
Vs
77 B =290k} 1%

€,.C;=100nF £5%
Xy = 3.579545 MHZ 20.1%
Voo = 5.0V 5%

Figure 10 - Single-Ended Input Configuration for BT or CEPT Spec




: GAL®16VSA
Lattice " GAL®20V8BA |

CO[pOPB[JiOH ™ Generic Array Logic™

US. Patents 4,761,768 and 4,766,569
GAL16VBA /.GAL20VBA BLOCK DIAGRAM ~ .

» HIGH PERFORMANCE E°CMOS™ TECHNOLOGY
— 10 ns Maximum Propagation Delay
- Fmax =62.5 MHz
— 8 ns Maximum from Clock input 10 Data Output
— TTL Compatible 24 mA Outputs
— UitraMOS* |l Advanced CMOS Technology

» 50% REDUCTION IN POWER
— 75mATyp I,

» E? CELL TECHNOLOGY
— Recontigurable Loglc
— Reprogrammable Cells
— 100% Tested/Guaranteed 100% Yisids
~ High Speed Electrical Erasure (<50ms)
— 20 Year Data Retention

» EIGHT OUTPUT LOGIC MACROCELLS
— Maximum Flexibllity for Complex Logic Designs
— Programmable Output Polarity
— GAL16V8A Emulates 20-pin PAL® Devices with Full
Functlon/Fuse Map/Parametric Compatiblilty
— GAL20VBA Emulates 24-pin PAL® Devices with Full
Function/Fuse Map/Parametric Compatibllity

« PRELOAD AND POWER-ON RESET OF ALL REGISTERS
— 100% Functional Testabliity -

+ ELECTRONIC SIGNATURE FOR IDENTIFICATION

GALI6VBA/ GAL20VBA ARCHITECTURE EMULATION :

The GAL16VBA and GAL20VBA, at 10 ns maximum propagation

delay time, combine a high performance CMOS process with PAE:L:W“ GAL16VEA
. 3 3 rchitecture PAL Architecture

Electrically Erasable (E?) floating gate technology 1o provide the Emuiation Emulation
highest speed parformance available in the PLD market. CMOS
circuitry allows the GAL16VBA and GAL20V8A 10 consume just 2008 16L8
75mA typical | which represents a 50% savings in power when 20H8 16H8
compared 1o their bipolar counterparts. The E technology offers 20R8 16R8
high speed (50ms) erase times, providing the ability 1o reprogram gggf ::22
or 1econfigure the devices quickly and efficiently. 20P8 16P8
The generic architecture provides maximum design flexibility by ggggg :ggg:
allowing the Output Logic Macrocell (OLMC) 10 be configured by 20RP4 16RP4
the user. The GAL16VBA and GAL20VBA are capable of emu- 1418 10L8
lating standard 20 and 24-pin PAL® devices. The GAL16VBA is 16L6 12L6
capable of emulating standard 20-pin PAL archiiectures with full 18L4 1;“ N
functionfluse map/parametric compatibility. The GAL20VBA is 32,&% ;0}5%
capable of emulating standard 24-pin PAL architectures with full 16H6 12H6
lunctionfuse map/parametric compaiibility. On the right is a table 18H4 14H4
listing the PAL architectures that the GAL16VBA and GAL20VBA 202 Ji
can replace. 16P6 12P6

. o 18P4 14P4
Unique tes! circuitry and reprogrammable cells allow complete 20P2 16P2
AC, DC, and functional testing during manufacture. Therelfore,
Lanice guarantees 100% field programmability and functionality
of all GAL products. Lattice also guaraniees 100 erase/rewrite
cycles and that data retention exceeds 20 years.
Ceoyrght ©1860 Lanice Semicondudor Com. GAL and UiraMOS ave 9 of Lanice Semi Com. Generic Array Logec and E*CMOS are vassmarks of Lanke Semi-
conoucior Comp. PAL bs & regi of A Mcro Devices. inc  The apeciicsions and information hetsin ae sulyect 10 Change withaut NOLCE.
LATTICE SEMICONDUCTOR CORP., PO BOX 2500, PORTLAND, OREGON 87208-2500, U.S.A. May 1988
Tel. (503) 681-0118: 1-800-FASTGAL; FAX (503) 681-3037
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Latldxce Specifications GAL16V8A
oo GAL20V8A

ABSOLUTE MAXIMUM BATINGS!™: - o 0 oo oo oo oy oo

Supply voltage Vee ~510 +7V
Input voltage applied........coceerman...... —2.510 Vg, +1.0V
Oti-state’ output voltage applied ..........—2.5 to Ve +1.0V

Storage TEMPETAIUTE ... -65 to 125°C
. Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage 1o the device. These
are strass only ratings and functional operation of the device
atthese or al any other conditions above those indicated in the
operahonal sections of this specification is not implied (while
programming, follow the programming specilications).

“SWITCHING TESTCONDITIONS + . == "

Input Puise Levels GND 10 3.0V COMMERCIAL DEVICES

input Rise and Fall Times 3ns 10% — 80% Refer to AC Test Condltions:

g R, = 3900

! i | 1.5V

nput Timing Reference Levels 5 1) R, = 20002 and cl - 50pF

Output Timing Reference Levels 1.5V 2) Active High R, = «; Active Low R, = 2000 C, = 50pF

Output Load See Figure 3) Active High R, = «; Active Low R, = 20002 C, = 5pF
;!e'r\v'eslla!e levels are measured 0.5V from steady-state active MILITARY DEVICES

Refer to AC Test Condltions:

5V R, = 7500

1) R, = 3900 and C,_ = 50pF

2) Active High R, = ee; Active Low R, = 3900 C, = 50pF

R 3)Active High R, = =; Active Low R, = 3800 C_= 5pF

FROM OUTPUT (O/0
UNDER TEST . (OO TEST PONT

Rz

Cu INCLUDES JIG AND PROBE TOTAL CAPACITANGE

‘CAPACITANCE (T, = 25°C;§ =1.0 MHz)

SYMBOL PARAMETER MAXIMUM‘. UNITS TEST CONDITIONS
C Input Capacitance 8 pF Vee= 5.0V, V, = 2.0V
Cronr V/0/Q Capacitance 10 pF Vee = 5.0V, V, 0,0 = 2.0V

'Guarameeg but not 100% tested.

10



Lattice Specifications GAL16V8A
Corporaion="  GAL20V8A

GAL16VBA BLOCK DIAGRAM: "~ =77 .0 !GAL20VBA BLOCK DIAGRAM .-~ .07
Ve
1 -~ 24 _I
maux [
) — Vee 2 —px ax
~ 2] “loLme 22
2 —
i jouse =S v 3 —ox ]
2 —bg ]
F—rs— 1
i josc 1 1] ¢ otal:c — o
3 —bcd I 4= P
c
GAL16VBA o2t GAL20VBA [ipuc=re
4 by E2CMOS P § E:CMOS —
Programmable 1 Programmabie - = |
AND Array K== b AND Array & (o=
s (64 X 32) e & — {64 X 40) ey
ouuc[ 2
s =
& —= =S
0 "f:c 1 i
7 —bg F—y
- B ““;‘c 1 19
& —b F—|
) “":c,__J 12
o—xd —{
’ L 1"
ki

GAL16VBA PIN CONFIGURATION = .33

Chip Carrier DIP Chip Carrier
»
Q
L1, Vet Ve vOQ - - g 2 E -8
/m_?_cx_%_m_‘ = ,; -— =,
i Voo 1 p vOQ
GA woo ! I voQ
, Top View voro Top View NC
1 D yoa
! vea b vo
T o0 Ot voa oo b vo

11



Semiconductor

LHLﬁCB Specifications GAL16V8A
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! Latl: Specifications GAL16V8A
conguctor
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Lattice Specifications GAL16V8A
o ctor GAL20VSA

~ELECTRICAL CHARACTERISTICS - _ ... -GAL16720V8A-10L Commercial
Over Recommended Opsrnllng condltlom (Unlau Otherwise Specified)

SYMBOL . PARAMETER CONDITION MIN. ITYP. | MAX.| UNITS
VoL Output Low Voltage - —_ 0.5
VOH Output High Voltage 2.4 — —
he, 4 Input Leakage Current — | — {10 | pA
lvon, Bidirectiona! Pin Leakage Current —_ — | 210 [ pA
los! Output Short Circuit Current Vee = 5V Vout = Gnd =30 | — |~150 | mA
icc Operating Power Supply Current |V = 0.5V V= 3.0V frogrem25MHz | — | 75 115 | mA

1) One output a! a time for @ maximum duration of one second.

‘DC RECOMMENDED DPERATING CONDITIONS - - "7 “GAL16 /20VBA-10L Commercial -

} SYMBOL PARAMETER MIN. MAX. JUNITS
Ta Ambient Temperature ' 0 75 °C
Vce . Supply Vohage 4.75 5.25
ViL input Low Voltage Ves-05| 0.8
VIH . input High Vohage 2.0 Veest v
loL Low Level Output Current — 24 mA
loH High Leve! Output Current — -32 | mA

14



Lattice Specifications GAL16V8A
Compormtor GAL20VSA

- SWITCHING CHARACTERISTICS = -~ - - . * "> . :GAL16/20V8A-10L Commercia)

Over Recommended Operating Conditions

PARAMETER| # FROM TO DESCRIPTION C?ng 1| MIN. | MAX. | UNITS
tod 1 Lo o] Combinational Propagation Delay 1 3’ 10 ns
2 CLK Q Clock to Output Delay 1 2 8 ns
ten 3 1, 1O (o] Output Enable,Z -+ O 2 —_ 10 ns
4 OE Q Output Register Enable, Z —+ Q 2 — 10 ns
tais 5‘ 1, 10 (o] Output Disable, O ~+ Z 3 —_ 10 ns
(] OE Q Output Register Disable, Q + Z 3 —_ 10 ns

1) Retler to Switching Test Conditions section.

PARAMETER| # DESCRIPTION chS; MIN. | MAX. [ UNITS
foi 7 Clock Frequency without Feedback 1 o] 625 | MHz
8 Clock Frequency with Feedback 1 0 855 | MHz
tsu 9 Setup Time, Input or Feedback, before CLK T —_ 10 —_ ns
th 10 Hold Time, input or Feedback, atter CLK T —_ 0 -— ns
1 Clock Pulse Duration, High — 8 —_— ns
v 12 Clock Pulse Duration, Low — 8 -— ns

(o REC. ><><>\ NP VALID INPUT VALID IMPUT
re—an—10 11 12—

(21 _/

l2 S >

REGISTERED 3-STATE
OUTPUTS

H

Pﬁpe::hlm’z‘g valD YALID
FOR OE CONTROL DISABLE ENABLE

le—— 1 5 -3
COMBINATYONAL
O}HPUTB

15



Lattice Specifications GAL16V8A
ot GAL20VSA

Over Recommended Operating Conditions (Uniess Otherwise Specified)

SYMBOL PARAMETER CONDITION MIN. | TYP. | Max. | uNITS
VoL Output Low Vohage —_ - 05
VoH Output High Vohage ' 24 | — | — | v
he, i input Leakage Current — | — {210 | pA
lvora ' Bidirectiona! Pin Leakage Current — — | 210 | pA
los! Output Shont Circuit Current Vec = 5V Vout » Gnd -30 | — |-150 | mA
lcc Operating Power Supply Current Vi 05V Veiw 3.0V fiogoem 25MHz} — | 75 | 115 | mA

1) One output at at&ne for a maximum duration of one second.

5

~ ..

AL16 / 20VBA-12L Commerclal . ':

~DCRECONMMENDED OPERATING

SYMBOL PARAMETER L } MIN. MAX. |UNITS
Ta Ambient Temperature . f 0 75 °C
Vece Supply Vohage = 1 : 475 | s.25
viL Input Low Vokage L - o w i ' Vss-05] 0.8
VH input High Vohage _ i 20 |Veest |V
oL Low Level Output Current . — 24 mA
IoH High Level Output Current — -32 | ma

16
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