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ABSTRACT

This thesis presents how to develop the Private

Automatic Branch Exchange system that can expand line-
telephone from 2 lines to 16 lines but it will be only 2lines

to 8 lines You can expand to 16 lines in the future. And it

has a special capability in direct extension dialing so an
-~~:1Qna£§£o£;who normally work with a private branchexchange
system is ;;t regessary to be cause of saving people,being
fast communication.In addition to use microcontroller to

control all parts of system 'and design subscriber loop with

electronic devices so it has good efficiency and low cost.
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- . 150-cMos MT8816
8 x 16 Analog Switch Array

Advance Information

L]

9161-002-101-NA ISSUE 1 January 1988

Features - . Pin Connectiohs
® Low on-state resistance v3 U «h voo
® Internal contral latches AL K nE n.
® Large amplitude analog signal capacity ax3 de B v
® Low distortion rorilt B =B 5
® Typical -90 dB crosstalk at 1 kHz 2 Vpp x1s 07 M 5 NC
® Low power consumption ISO-CMOS technology - i g SR
. xg g} nhBox2
Applications o »E B
-

X1t v BH xs
® Keysystems NC (s nH X2
® FBX systems vz s ®H x13
° ; ; - vsS J B0 Av1
- -’v\lab:slf.r.aﬁdlci“ £ o e v mmd n bl e Y6 u a0 Ave

— * orsloguipmIntlansuumantation s‘mo:g E:: ;; 5 :X%
.y . T x
¢ Analog/digital multiplexers | VEE {20 5 ovs

NC AX3 AY2 VDD DATA YO
AXG RST Y3 Y2 Y1

Description ‘
The Mite! MT8816 is fabricated in MITEL's ISO- 635832 "“""“’;‘;
—— T

CMOS technology providing low power dissipation X14 38 y Ssc
and high reliability. The device contains a 8x 16 x’:z s RST = RESET 37
array of crosspoint switches along with a 7 to 128 X7
line decoder and latch circuits. -Any one of the 128 X8
switches can be . addressed by selecting the Xx10
appropriate 7 address bits. The selected switch can.
be turned on or off by applying a logical one or
zero to the DATA input. Vss is the ground v';g 7T
reference of the digital inputs. The range of the 1819202122 23 24 25 26 27 28
analog signal is from Vpp to Vgg. €S allows the R e A |
¢rosspoint array'tc be cascaded for matrix j7T_ST8 VIE AX1 AYO KC
expansion. - * Y6 Y5 Y& AX2 AYY

: . ] Ordering Information -40°to 85°C

- ~— AN TP = -l - msB16AC  40PinCERDIP -

- [ 0o W . MTB816AE - 40 PinPLASTIC DIP

MT8816AP 44 Pin PLCC

x
Xaax
N OO
[ e Tonlw m oo o om T
S h e uh h b - D
T vy
~ W ww
WUILIUUILIOIOIOnY
S ETITREE
o3
naw
*,-.1:‘;""'-—".:! . l e et

cs  STROSE DATA  RESET VDD VEE VSS N

o

1.

AX0
AXS

awa

ARz ] 7170128 " |

A3 ' DECODER LATCHES

AYO . . o
T an

av2 A 128 128

- Yi VO(i=0-7) )

X Vo
{i=0-15)

-

mevarerrranre e

i

Figure 1- Functional Block Diagram
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MT8870B/MT8870B-1 is02-cMmos )

A

[

MT88708B-1 AC Electrical Characteristics' - Voltages are with r

e3pect to ground (Vec) unless otherwise stated —
Characteristics Sym Min Typ | Max | Units Notes .
Valid input signat levels -31 d8m [1.23569 B
1] s (each tone of composite 21.8 MVenes ]1,2,3,5,6,9 "
i [signal) +1 | d8m [1,23569 -
: 869 | mVpws |1,2,3569 i
2| ¢ [inputSignal Level Reject -37. d8m 11235639 =
c 10.9 mVaps 1,2,3569 -;;
310 |Positive twist accept : 6 d8  |2,369 o
%
- 4| D | Negative twist accept 6 dB 2,3,6,9 § <
5| 1 [Freq deviation accept +1.5% $ 2Hz 23,59 3?
- Ty
6 o |Freq. deviation reject $35% . |2359 gz
7| ¥ [Third tone tolerance -18.5 8 [2345912 &
Noise tolerance - 12 d8 23457910 }2"
19 Dial tone tolerance - +22 dB. 123,458,911 ’g
Y Voo=SV. V. 0, Ta=25"Cand fc= 3.579545 MHz using test circuit shown in Figure 2 . =
NOTES N~ S\ N =
1.dBm = decibels above or below » reference power of 1 mW into 3600 ohm load. " o
2. Dugit sequence consists of all DTMF tones f
3. Tone duration = 40 ms, tone pause = 40 ms. [ Rt
4.Signal condition consists of nominal DTMF frequencies

3. 50thtonesin composite signal have an equal amplitude.
6. Tone pair is devisted by +1.5% ¢ 2 Hz.
7. Bandwidth limsted (3 kHz ) Gaussian noise.
-8. The precise dial tone frequencies are (350 Hz and 440 Hz) * 29,
9. For an error rate of better than 1in 10,000.
10. Referenced to lowest leve! frequency component in DTMF signal.
11. Referenced to the minimum valid accept level, - 2.
12. Referenced to Fig. 10 Input DTMF Tone Level at-25 dBm (.28 d3m atGs P

i

i

NS

n} interference Frequency Range between £80-3200 Hz.

— . - S R NSNS
.
-
r
- v
.
e 5 .
T e LaF f‘ M 3
Y . . ¥ odivaxy o4
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Advance Information . . 150-CMOs MT8816

AC Electrical Characteristicst. Yoltages are with respect Vee = 0V, Voo =12V, Vs, = 7V unless otherwise stated.

Characteristics Sym | Min | Typ: | Max units Test Conditions
7 | Setup Time CS to STROBE tcss 20 ns [Ri=1kQ, ¢ = S50pF
8 | Hold Time Address to STROBE tay 20 ns [Ri=1kQ, € = SOpF
9 | Hold Time CS to STROBE tesw | 20 ns |Ri = 1kQ, C = 50pF } -
10 | STROBE Pulse Width tspw 40 ns [Ru=1kQ, ¢ = SOpF
11| Crosstalk between channels -390 dB |f=1kHz, Vin = 2Vpp, R, = 10kQ
12 | Crosstalk between channels -90 dB |f=SkHz, Vi = 2Vpp, R, =10k
13 } Crosstalk between channeis® 66 | d8 |f=1MHz, Vin = 0.775Vpp,
R =75Q
14 | Crosstalk between channels* -40 d8 Jf=10 MHz, v\ =0.775vpp,
RL = 7SQ
15 | Delay through switch tps 10 40 ns Ri=1kQ, € =50pF
16 { Feedthrough Channel Off & -95 dB |All switches Off
- f=1 kHZ, Vw = 2Vpp, RL =10kQ
17 { Frequency Response at -3d8 45 " | MHz [Channel is On )
. . f=1kHz, Vin = 2Vpp, R =10kQ
18 | Harmonic Distortion 005 Sef = TEH: BN SVpp, AL = i0kiz
13 | RESET Pulse Width trew 200 ns (R =1kQ, G = S0pF
20 { CS/STROBE to Switch Status ts 150 200 | nu |R, = 1kQ, C =50 pF |
Delay : i
21 | DATA to Switch Status Delay 1) i50 200 ns 18 =1k, ¢ =50 pr
22 | RESET to Switches Status Delay | 1, 150 200 | ns |Rr= 1kQ, G =50 pF ~

Timing i1 over recommended temperature range.
* Typical tigures are at 25°Cand are for design aid only; not guaranteed and not subject to aroduction testing.

* ForPLCC packages only, imns for DiPsare -55d8 at 1 MH2 and-35d8 at 10 MHz.

M 3 T\ ' !
cs foss 1/ - : e tcsH / \
R P 1 .
o 'y ! /‘*\~
1 ] 2 ] - )
RESET T K i s
ol NN s ] A i
STROBE i /‘\ N\ i : : ;
H s 1 '/ : !
o — -
. 1 L &
1] . ¥
ADDRESS X i X ! i :
tag—! ! HE ! - !
ASR - _b: :‘_(‘“ : . ‘ '!
. — : ' i -
DATA - . x: i x : : i
Y e .- ¢ : ! :
. T e i N
- ON_ - : L= ; r -
switen ! Y X TN .
1 ' . LA H e
Figure 2. Control Memory Timing Diagram
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| MT881 6 150-cMos

-t T e e .t e

Pin Description

i

Pin # Name Description
1 Y3 Y3 Ana'log (lnput/Output): thisis connected to the Y3 colimn of the switch array.
2 AY2 Y2 Address Line (input): thisis used to select Y2 column of switches.
-3 RESET | Master RESET (Input): thisis used to turn off all switches regardiess of the condition
of CS.
45 AX3,AX0 | X3 and X0 Address Lines (Inputs): these are used to select X3 and X0 rows of
switches.
6.7 X14,X15 | X14 and X15 Analog (Inputs/Outputs): these are connected to the X14 and X 15 rows
of the switch array.
8-13 X6-X11 | x6-x11 Analog (Inputs/Qutputs): these'are connected to the X6-x1 rows of the
switch array. - ’
14 NC No Connection
15 Y? Y7 Analog (Input/Output): thisis connected to the Y7 column of the switch array.
16 VvssS Digital Ground Reference (Input).
17 Y6 Y6 Analog (Input/Output): thisis connected to the Y6 column of the switch array.
18 STROBE [STROBE (Input): enabies function selected by address and data. Addre<c misct ha 0z
stable before STROBE goes high and DATA must be stable on the falling edge of the *
STROBE. ‘
19 . YSs Y5 Analog (input/Output): this is connected to the Y5 column of the switch array.
25 VEE | Negative Power Supply (input). ‘
21 Y4 Y4 Analog (Input/Output): thisis connected to the Y4 column of the switch array.
22,23 |AX1,AX2 |x1 and X2 Address Lines (Inputs): these are used to select X1 and X2 rows of
switches. e
24,25 |AY0.AY1|YQ and Y1 Address Lines (Inputs): these aré used tc select YO and Y1 columns of
switches
26,27 | X13,X12 [ x13 and X12 Analog (inputs/Outputs): these are connected to the X13and X12 rows -
of the switch array. )
28-33 X5-X0 | xs.xp Anslog {(inputs/Outputs): these are connected to the X5-X0 rows of the switch :
array. - - ;
34 NC No Connection. anLN :
35 Y0 . | YO0 Analog (Input/Output): this is connected to the Y0 column of the switch array. = 1
36 cs Chip Select (input): thisis used to select the device. )
37 Y1 | ¥1 Analog (nput/Output): thisis connected to the Y1 column of the switch array. !
38 DATA {DATA (input)® 2 logic high input will turn on the selected switch and a logic low will
turn off the selected switch’ : ) :
39 Y2 | Y2Analog (Input/Output): thisis connected to the Y2 column of the switch array. -} 28
& VDD | Positive Power Supply (input). =~ - - :
3-68
b :
o 4_..

s o




Advance Information

ISO-cMOs MT8816

AX0 AX1 AX2 AX3 AY( AY1 AY2 Connection
0 0 0 0 0 0 0 X0 - Y0
t o] 0 0 0 0 0 X1 - YO
[1] 1 0 0 0 0 0 X2 - Y0
1 1 o [ o 0 0 X3 - v0
0 ] 1 1] 0 0 0 X4 - Y0
1 0 1 [+] 0 [+ 0 XS - Y0
Q 1 1 0 0 0 0 X12-Y0
1. 1 1 0 0 0 0 X13-.v0
[} 0 0 1 0 0 0 X6 - YQ
1 0 0 t 0 0 0 X7 - Y0
0 1 0 1 ] 0 0 X8 . vo
1 i 0 1 0 0 0 X3 - ¥0
0 0 1 1 0 0 0 X10- Y0
¥ 0 1 1 0 o 0 X11-v0
0 1 1 1 0 0 0 X14. Y0
1 1 1 1 0 0 0 X15- Y0
0 0 0 0 1 0 0 X0 - ¥1
4 + + + + e 3 4 ¢
1 1 1 1 1 1] 0 - X1i5- ¥1
0 0 0 0 0 1 0 X0 - Y2
¢ ¢ It rt + ¢ ¢ [
1 1 1 1 0 1 0 X15- Y2
0 0 0 0 1 1 0 X0 - Y3
+ + + : 't 3 e ¢ ‘
1 1 1 1 1 i 0 X15. v3
0 0 o o a % ! ARG - Ta
¢ + i ‘ 1 ‘ + n +
1 1 1 1 0 0 1 %15- va
[) 0 0 "} 1 0 1 X0 - Y5
+ + & 3 v : : i +
1 1 1 1 1 0 1 X15-Y§
0 0 0 [3] [} 1 1 X0 - Y6
¢ 4 + I + 't + $ :
1 1 1 1 0 1 1 X15- Y6
0 0 0 0 1 1 1 X0 - Y7
t + + + $ s + n +
1 1 1 1 3 1 i X15. Y7

. Figure 3 - Addres
Functional Description

The MT8816 is an analog switch matrix with an
array size of 8x 16. The switch array is arranged
- such that there are 8 columns by 16 rows. The
columns are referred to as the Y inputs/outputs
and the rows are the X inputs/foutputs. The
¢rosspoint analog switch array will interconnect
any X /O with any Y I/O when turned on and
provide a high degree of isolation when turned off.
The control memory consists of a 128 bit write only
RAM in which the bits are selected by the address
inputs (AY0-AY2, AX0-AX3). Data is presented to
the memory on the DATA input. Data is
asynchronously written into memory whenever
both the CS (Chip Select} and STROBE inputs are
high and are latched on the falling edge of-
STROBE, Alsgica! “1° written inio & memory ceii
tutns the corresponding crosspoint switch on and a
logical "0 turns the crosspoint off. Only the
crosspoint switches correspa.ding to the addressed
memory location are altered when data is written
into memory. The remaining switches retain their
previous states. Any combination of X and Y
inputs/outputs ¢an be interconnected by
establishing appropriate patterns in the control
memory. A logical “1* on the RESET input will
asynchronously return all memory locations to
logical “0° turning off all crosspoint switches

LR . v

s Decode Truth Table

regardiess of whether CS is high or low. Two
ground pins (Vsg and Vgg) are provided for the
MT8816 to enable switching of negative analog
signals. The range for digital signals is from Vop to
Vss while the range for analog signals is from Voo
to Vge. :

Address Decode

The seven address inputs along with the STROBE
and CS (Chip Select) are logically ANDed to form an
enable signal for the resettable transparent latches.
The DATA input is buffered and is used as the input
to all latches. To write to a location, RESET must be

low and-CS_must go high while the address and

qata are set up. Then the STROBE input is set high
and then Tow causing the data to be latched. The
data can be changed while STROBE is high,
however, the corresponding switch will turn on and
off in accordance with the DATA input. DATA must
be stable on tha falling edge of STROBE in order
for correct data to be written to the latch.




. . :soz-cmos-MT887OB/MT88708-1
MITEL - Integrated DTMF Receiver

Features

9!61-002-05!-NA ISSUE 2

g December 1987
| ® Complete DTMF Receiver . .
- nn
“ia [ LowPowerConsumpﬁon Pin Con ections
® Internal Gajn Setting Amplifier . e .
T ¢ Adjustable Guard Time ,‘:: G ; 17 ;’3&
. ® Central Office Quaiity Gs [J3 15 P s
2 VRet (14 15 O sip
: " s 147 qe
.. .. " e  130q;
’ Applications 051 7 " 1204
0sc2 8 11 51 Q1
. .- T
® Receiver System for British Telecom {BT)or vss 4 10 OF
CEPT Spec {(MT88708-1 ) “ Connected to vss
® Paging Systems = l
® Repeater systemsMopile Radio ; Ordering Information
® Credit Card Systemg ' ,
: gemm’,‘;"”"""’ MTB870BE/MT8B708E-1  plagtic pyp *
ersonal Computers MTB370BUMTE8708C-1  Cergip
-40°C to +85°C
Description
The M788708/MT88708¢1' is a complete DTMF counting techniques to detect and decode-ali 16
p receiver integrating both the bandsplit fitter and DTMF tone pairs into a 4-bit code. Externa|
digital decoder functions, fabricated jn Mitel’s omponent count js minimized by on chip provision
double poly 1S02-cMmQs technology. The filter of a differentiaf input amplifier, clock oscillator and
section uses switched capacitor techniques for high latched three-state buyg interface.
and low group filters; the decoder yses digital
<
VDD vsg VRet
m v.e' ) i -
BUFFER - -- L

ar’ Yo HIGH GROUP ~ .
POWER  miag FRLTER DIGITAL cobe r>
DETECTION CONVERTER Q2
e ZERO CROSSING ALGORITHM AND LATCH
p WS fa
Gs -

LOW GROUP

Ur
FULTER —

S

Figurg 1« Functionai Block Diagram
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MT8870B/MT8870B-1 ISO2-CMO$ .

Absolute Maximum Ratings'

Parameter - “~Symbol "~ Min Max
1| Power supply voltage Vpp-Vge 6
2{ Voltage on any pin Vss-0.3 Vop+0.3
3| Currént at any pin (other than supphy) | 10 ‘mA.
4 Operating temperature Ta . ~40 +85 °C
5| Storage temperature -65 + 150 °C
6 | Package power dissipation 1000 mw

'Ex:eed'ng these values May cause permanent damage. Funcuonal Operation under these conditions is notimplied.
Derate above 75™C at 16 mw/ °c. All leads soldered t0 board.

Recommended Opera tin g Conditions - Voltages are with respect to ground (V) unless otherwise stated -
o\

Characteristics Sym | Min Typ! Max Units ' Yest Conditions
1 Positive Supply Voltages Voo S V. |Vss=0vV )
"2 Oscillator Clock Frequency fe " [3.579545( "~ MHz
3 Oscillator Frequency Tolerance Afe DAl Yy 5% . ¢
' T7Eica! fyures are at 25°C and are for design aid only: notguaranteed and notsubject to production testing -

2L Efectricai Chara Cteristics- Voo=50VES%, vy wov. Voltages are with respect to ground (Vo) unless otrerwise stated.
Characteristics Symi Min | Typ: | pax Units Test Conclitions
S |Operating supply voltage Voo | 4.75 5.0 5.25 v |’
2 f,’ Operating supply current Ibp 3.0 9.0 mA .
3 : Power consumption Po 15 { 45 |mw[f=358 MHz; V5 = 5V -
v ) - e
4 i [Highlevelinput Vin 35 v
5| N [Lowlevel input voltage Vi, 1.5 v .
6 3 Input leakage current Iy, 0.1 BA [Vin=Vsor Voo
7 ; Pull-up (source) current Iso 75 | .15 1A | TOE (pin 10) = v
8 Inputimpedance (IN+,IN~) Rn | _ 10 MQ 1@ 1kHz .
9] ] Steering threshold voltage | vy, | 22 25 v ’
10 Low leve! output voltage Voi . Vis+0.03) V [Noload
11 3 Highlevel output voltage Von V0-0.03 V [Noload - ey
12 :' Outputiow (sink) current for 1 | 2s mA [Voyur=04y  _.-
131 u {Output high (source) current loy 04" . 2.8 \ MA |Voyr=46V.. _
14 ; Vet output voltage, Ve.s 24 i V | Noload
15 Viref OUtpUt resistance ... Ron 10 ‘ kQ

! Typicai figures are at 25°Cand are for design adonty: notgusrenteed and notsubject to production testing.

- Tt e e e ———— L . se e e emae




B ———

IS02-cMos MT8870B/MT88708-1

Operating Characteristics’

- Voltages are with respect to ground (V) unless Otherwise stated
Gain Setting Amplifier

Characteristics Sym | Min | Typs | Max Units Test Conditions
1 | Input leakage current In 100 NA" | Vss<S Viy SVpp.
2 [ Inpyt resistance Rin . 10 MQ
3 | Input offset voltage- Vos 25 mv
4 | Power supply rejection PSRR 60 dB | 1KHz
5 j Common mode rejection CMRR 60 dB8 |-30vs Vin 3.0V
§ | DCopanloop voitage gain Ayvor 65 dB
7 | Open loop unity gain
bandwidth fc 1.5 MH2z
8 | Output voltage swing Vo 45 Voo {RL2100KQ to Vss
9 { Maximum capacitive load (GS) C 100 pF
10 | Maximum resistive load (GS) Ry S0 | €¢]
11 | Common mode range Vewm 3.0 Vep [Noload .

"WoonSV,Vim 0V, Ta=25°C
*Typical figures are at 25%C and are for design aid only: not guarantead and noteubiact 85 production testing.

Characteristics Sym Min Typ | Max Units Notes
s | Validinput signal ievels -29 dBm 123569
1] ! {(eachtone of composite 275 MVems [ 1,2,3,5.6,9
G l.
N |signal) +1 d8m 1,235,569
N 869 | mVams [1,23569
2 c Positive twist accept 10 ds 2,3,6,9
3| O [Negative twist accept 10 ds8 2,3,6,9
N .
4| o [Freq. deviation accept $1.5% ¢ 2Hz Nom. [23,5,9
5 ; Freq. deviation reject .-+ $3.5% Nom. 122359
6] & | Third tone tolerance -16 dB 234,59
7 ;‘ Noise tolerance -12 ds 2,3,4,5,7,9,10
8 Dial tone tolerance. +22 ds 2,3,4,58,9,11
* Voo =5V.Vya 0,7, =25 Cand f¢=3.579545 MKz using test circuit shown in Figure 2.
NOTES
1.d8m = decibels above or below a reference power of 1 mW nto 8 600 chm load.
2. Digrt sequence consists of 2l OTAF ones
3. Tone durstion = 40 ms. tone pause = 80 ms,
4. Signal conditron consists of nominal DTMF frequencies
S.Both tonesin compaosite signal ha s an equs! amphtude.
§.Tone pairisdeviated by ¢1.5% + 2 s, :
7. Bandwidth limited (3 kHz ) Gaussian noise.
B The nraciea dictenc fSGuencies are (350 Hy and 440 Hz) * 2 %.
9. For an error rate of better than 1in 10,000,
10. Referenced to fowest leve! frequency com ponent in DTME signa!,
1. Referenced to the minimum valid accept tevel.
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MT8816 iso-cmos

Advance Information

Absolute Maximum Raﬁngs'

Recommended Operating Conditions - Voitages are with res

- Voltages are with respect to Vee unless otherwise stated
- Parameter Symbot Min Max

1 | Supply Voltage Voo 0.3 15.0 \
Vss -0.3 Voo +0.3 \'

2 | Analog Input Voltage ) ) -0.3 Vo +0.3 v

3 | Digital tnput Voi tage Vss-0.3 Vop+0.3 \Y
4 | Currenton any IO Pin - +12 mA
5 |Storage Temperature Ts -65 + 150 °C.
6 | Power Dissipation PLASTIC DIP Po 0.6 w
CERDIP Py 1.0 | w

“Exceeding these values May Cause permanent damage. Functional operation under these conditions s not implied.

Pect to Ve, unless otherwise stated

Characteristics Sym | Min |Typt| Max | Units Test Conditions
1 | Operating Temperature To -40 | 25 85 °C ’
2 | Supply Voltage <, Voo | 45 13.2 \
. Vss VEee Vpp-4.5 Vv
3 [ Analog Input Voltage Vina | Vee Voo v
4 | Digital Input Voltage Vss Voo v
Tynical binuras are ot 25°Cand are bor dezian 3 SR RS GLIEnied and fot Sulyedi L0 pruducuon testing.
DC Electrical Characteristics* - Voltages are with respect o Vee = OV, Vpp . VEE = 12V unless otherwise stated *
Characteristics Sym | Min | Typr | Max Units Test Conditions
1| Quiescent Supply Current lop 1 100 HA [Digital inputs at Vss or Vpp
0.4 1.5 mA  [Digital Inputs at 2.4V
. Vss = Vpp -5.0
7 15 mA |Digital Inputs at 2.4V, Vgg = Vee
2 | On-state Vpo-Vge =-12V Ron 40 75 Q Voc=Vpp/2,
Resistance Vop-Vge = 10V 30 Q  (iVevyi= 02v
, Vpp-Vee = 5V 200 Q
3| Difference in on-state ARoy 4 10 Q  |Voc=Vpp2,
resistance between 2 switches IVx-Vyi = 0.2V
-4 | Off-state Leakage Current loss $1 1 +500] nA Vx-Vy = Vpp -Vgg
5 | Current through a switch Imax 210 | mA
6 | input Logic “0* level Vi 0.8 v Vss = Vpp-4.5
7 | Input Logic *1° level Vi 2.0 V_ [Vss = Vpp-5.5
8 | input Logic *1° level -~ Vin 3.0 1 V7 [Vss = Vpp-12.0
9 | Input Leakage (digital pins) fteax 0.1 10 BA _|Inputs to Vgs or Voo
OC Electrical Characteristics are ovei recommended temperature fange. .
! Typical figures are at 25°C and are for design aid only: not guaranteed and not subjectto production testing. -
ACElectrical Characteristics:. Voltages are with respect to Vg = 0V, V00 = 12V, Vgs = 7V unless otherwise stated,
Characteristics Sym | Min | Typ* | Max Units Test Conditions
1 {Switch Capacitance <3 20 oF If=1MH>-
2 [Digiiai input Capacitance Cos 10° pF  [f=1MHz
3 Feedthrough Capacitance ' G| 0.2 pF = 1MHz
4 |Hold Time DATA to STROBE oy | 20 s JR=1kQ, C = SOpfF
5 [Setup Time DATA to STROBE tos 20 ns  Re=1kQ, C = 50pF
6 |Setup Time Address to STROBE tas 20 fs Ru= ik, € = 50pfF
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AC Electrical Chara Cteristics - Voltages are with respect 1o ground (Vio) unless otherwise stated
Characteristics ! Sym | Min ,’ Typ* | Max | Units l Test Conditions
1 Tone present detect time top 5 11 14 ms , see Figure 3
2 ; Tone absent detect time toa 0.5 4 8.5 ms I see Figure 3
3 ,:1 Tone duration accept trec | 40 ms | User adjustable
4 n | Ton€duration reject trec | 20 { ms | User adjustable
S} ¢ Interdigit pause accept 4o 40 ms | User adjustable |
3 Interdigit pause reject 20 ms | User adjustable
.7 Propagation delay (st to Q) I TOE=Vpp
8 ? Propagation delay (St to StD)
9 <f
P
0] Y
s -
n Propagation delay (TCE 10 q DISABLE) RL=10xQ
CL=50pF
12 l Crystal /clock frequency f¢ [3.5759(35795 3.5831] MHz
— . - . \'
13 f ’ Liock input rise time ey 110 Ns | Ext. clock
- . —\
141 o [ Clock tnput fall time thice 110 ns  § Ext. clock
L - Y A}
15 E Clock input duty cycle DCq | 40 50 60 % | Ext. clock
16 Capacitive loag (0sC2) Clo 30 pF
' Voo =5.0V, v, =0V, T, =25Cand f. = 3579545 MHz, using test circuit shown in Figyre 2.
* Tyorcal figures are at 25°Cand are for design aid only: not guaranteed 3nd not subjectto production testing.
H— NOTES:
1 Ri.R,=100k02 1 %
Vs O£ ﬁ Ry=300k0 19
l ’ Ci.C=100nF 5 %
X1 = 3579585 MHz 2 0,15
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MT887OB/MT887OB-1 1502-CMOs

Pin Description

Pine .| Name | - Description x
1 INe Non-inverting Op-Amp (Input).. - E
2 IN-  |inverting Op-Amp (Input). - A
3 GS Gain Select. Gives access to output of front end differential amplifier for connection Z
X of feedback resistor. . | A
. 4 Yot Reference Voitage (Output), Nominally Vpp/2 is used to bias ifputs at mid-rail (see §
.5 IC Internal Connection. Must be tied 10 Vss. ) %
6 d Internal Connection. Must be tied 1o Vgs. X
- 20
7 OSC1  IClock (1nput). . =1
- 8 0SC2 [Clock (Output). A 3.579545 MHz crystal connected between pins 05C1 and 0sC2 )
completes the internal oscillator circuit. . |
9 Vss Negative Power Supply (Input). . o
10 TOE Three State Output Enable (Input). Logic high enables the Outputs Q1-Q4. This piniis *"-y
pulled up internall{ > z_g
11-14 Q1-Q4 | Three State Data (Output). When enabled by TOE, provide the code corresponding to ) ,;:ﬁ-;
) the last valid tone-pair received (see Table 1): When TOE is logiclow, the data i
outputs are high impedance. E oz . B
15 Kty Deiayed Steering {Output).Presents a logic high when a received tone-pair hasbeen =~ ;
registered and the output latch updated; returns to logic low when the voltage on F 4
SYGT falls below Vs, bt
16 ESt Early Steering (Output). Presents a logic high once the digital algorithm has detected | .o
avalid tone pair (signal condition), Any momentary loss of signal condition will cause i3
X | ESttoreturnto a logic low. A
17 SUGT | Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vst ;3“
: detected at 5t causes the device to register the detected tone pair and update the o
é outputlatch. A voltage less than Vst frees the device to accept a new tone pair. The 3%
GT output acts to reset the external steering time-constant; its state is a function of
E ESt and the voltage on St
: 18 Voo [ Positive power suppiy {input).
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4 - Lasio

Q1.Qq DECODED TONE # (n-1)

StD

TOE

CEwre o
-

APLARATION OF EVENTS

qQ ENDO

IMPEDANCE),

O]

e MAXIMUM DTMF SIGNAL

A) TONE BURSTS DETECTED

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

DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT VALID TONE.
o) OuTPUTS SWITCHED TO HIGH IMPEDANCE STATE.

£} TONE #n + 1 DETECTED,

F) ACCEPT‘ABLE OROPOUT OF TONE #n+ ¥, TONE ABSENT DURATION INVALID
END OF TONE #

QQ, 4aiT DECODED TonE OUuTPUT,

StD DELAYED STEERING Ol_J?PL{T. INDICATES THAT VALID FREQUENQIES HAVE BEEN.PRESENTIABSENTFOR THE REQUIRED
GUARD Time THUS CONSTITUTING A VALID SIGNAL.

TOE  TONEOUTPUT ENABLE (INPUT). ALOWLEVEL SHIFTS.Q,-Q, TO ITS KIGH IMPEDANCE STATE.

. TONE DURATION INVALID, OUTPUTS NOT UPDATED.

TONE DURATION VALID, TONE DECODED AND LATCHED iN OUT{’UTS (CURRENTLY HIGH

DURATION NOT DETECTED as VALID,

tage MINIMUM DTME SIGNAL DURATION REQUIRED FOR vaLID RECOGNITION,

L 2N MINIMUM Time BETWEEN vaLlD DTMF sIGNALS,

o MAXIMUM ALLOWABLE DROPOUT DURING vALID DTME siGNAL

for  TIMETODETECT The paccesce o - .

LS OF Valio DTme SIGNALS, "

toa TIME TO DETECT THE ABSENQE OF vaLm pTme SIGNALS, -

tr»  GUARD TIME, TONE PRESENT.
%Gra  GUARD TiME, TONE ABSENT.

\

HIGH IMPEDANCE
m #n ; £ (n+1)
% ; [y { h
Bsec Py ! L
3 H H
— : > e ton
R

Figure 3- Timing Diagram
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MT8870B/MT8870B-1 i502-cMOs

- - - Functional Description —— simulation by extraneous signals such as voice while
= providing tolerance to small frequency deviations 3

‘The MT88708/MT8870B-1 monolithic DTMF receiver and variations. This averaging algorithm has been

offers small size, low power consumption and high developed to ensure an optimum combination of ¥
performance.lts architecture consists of 3 bandsplit immunity to talk-off and tolerance to 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 specifications) th =

code to the output bus. - . “Early Steering” (ESt) output will go to an active.~

- state. Any subsequent loss of signal condition will, 2

- Filter Section cause ESt to assume an inactive state (see “Steering 2

Circuit®). 1

14

Separation of the low group and high group tones
is achieved by applying the DTMF signal to the  Steering Circuit -
inputs of two sixth-order switched capacitor
bandpass filters, the bandwidths of which Before registration.of a decoded tone pair, the!
correspond fo- the low and high group frequencies.  receiver checks for a valid signal duration (referred °
The filter section also incorporates notches at 350  to as character recognition condition). This check is
and 440 Hz for exceptional dial tone rejection (see  performed by an external RC time constant driven
Figure 4). Each filter output is followed by asingle by ESt. A logic high on ESt causes v, (see Figure 5) to
order switched capacitor filter section which rise as the capacitor discharges.Provided signal
smoaths the sighals prior to limiting. Limiting is  condition is maintained (ESt remains high) for the .
performed by high-gain comparators which 2ra veligaticn perivd {igrpl, vc reacnes the threshold.
provided with hysteresis to prevent detection of (Vi) of the.steering logic to register the tone pair, 3
unwanted low-level signals. The outputs of the latching its corresponding 4-bit code (see Table 1) B
Comparators provide full rail logic swings at the  into the output latch. At this point the GT outputis ¥ :
irequencies of the incoming DTMF signals, activated and drives v to Vpp. GT continues to driveé % )
high as long as ESt remains high. Finally, after a-
Decoder Section short delay to allow the output latch to settle, the
delayed steering output flag (StD) goes high,. ‘=28
Following the fiiter section is a decoder employing  signalling that a received tone pair has been, =
digital counting techniques to determine the registered. 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) to a logic high, ..
complex averaging algorithm protects against tone  The steering circuit works in reverse to validate ;’ 3

'
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- I502-CMOs MT8870B/MT88708-1

the interdigit pause between signals. Thus, as well
as rejecting signals too short to be considered valid, Fiow | Fucw | NO. | ToE | q, % |q | a
the receiver will tolerate signal interruptions
(dropout) too short to be considered a valid pause. 97 1 H 1
This facility,- together with the capability of § 1209 0 0 0
selecting the steering time constants externally, 697 | 1336 | 2 H'l o 0 1 0
allows the designer to tajlor performance to meet & —
wide variety of system requirements, 697 114771 3 | v | o [0 | 1 1
, " 77 120 4 H 1
Guard Time Adjustment 0 | 1209 9 °o 10
770 | 1336 ) H 0 1 0 1
In many situations not requiring selection of .tone
duration and interdigital pause, the simple steering 770 [ 1477 | 6 H Y ! 1 0
circuit shown in l_’igure 5 is applic?ble. Component 852 | 1209 | 7 H | o ] 1 1
values are chosen according to the'formula:
O 8211336 (8 | w10 ] o 0
trRec =tpp + tgTp ;
tID=tDA"‘tGTA 852°1 1477 | o H 1 0 0 1
41 a ! tH
The value of tg; is a device parameter (see Fiyira 23 341 11336 | 0 H -
and trec 1s the minimum signal duration to be 941 | 1209 | = H 1 0-] 1 1
recognized by the receiver. A value for Cof0 1 uFis
recommended for most applications, leaving R to be 941 11477 | # | 1 1 0o
selected by the desianer. 637 | 1633 | A H 1 1 0 ]
Different steering arrangements may be used to 770 L1633 | B H 1 1 1 0
select independently the guard times for tone 3
present {tGrp) and tone absent (tgra). This may be 852 11633 | C | 4 1 1 1 1
necessary to meet system specifications which place nr D
both accept and reject limits on both tone duration = a ¢ y 0 0 o
-and interdigital pause. Guard time adjustment also - - any L r4 Y4 Z Z

allows the designer to tailor system parameters
such as talk off and noise immunity. Increasing tgec
improves talk-off performance since it reduces the -
probability that tones simulated by speech will

L= LOGKCLOW, H » LOGIC HIGH, 2 = HIGH IMPEDANCE
Table 1. Functional Decode Table

maintain signal ¢ondition long enough to be
registered. Alternatively, a relatively short trec with
a long tpo would be appropriate for extremely noisy ~Veo
environments where fast acquisition time and ;
immunity to tone dropouts are required. Design : c
information for guard time adjustment is shown in T
Figure 6. e Voo

: SUGT v,
Ditferential Input Configuration est

R

The input arrangement of the MT887OBIMT§8708-! ’ 50 —
provides a differential-inpurt operzticna! smiplifier
as well as a bias source(Vzes) which is used to bias MTEs 708/ Lera = (RO In{vps /vig)
the inputs at mid-rail. Provision is made for MTeS70S-1
connection of a feedback resistor to the op-amip .
output (GS) for adjustment of gain. in a single- D — tre = (RO N Ve / (Vio-Vieg )
ended configuration, the input pins are connected

s shown in Figure 2 with the op-amp connected for Figure 5- Basic Steering Circuit
unity gain and Vret biasing the input at Vg,
Figure 7 shows the differential configuration, which Crystal Oscillstor

permits the adjustment of gain with the feedback
resistor Rs. The internal clock circuit is completed with the

addition of an externa! 3.579545 MHz crystal and is
Foo ¥, .

3

v,

e 1. ’*‘ -
¥z . : . TR v s 3133
B3, . Coh G R mgTE y
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MT8870B/MT8870B-1 1502-CMOS

-

[}
o -2
t.

d

i

P————n
torp = (ReCy) In [Vio5 7 (Vig-Vygo)l o1 F—AAn— MTEs708/
3 R, INe | MTE8708-1

1oiby

blid
- fas

1t

L TN

tora = (RyCy)in (Voo / Vg

YL RS

IN -

Re = (R)R;) 7 (R, + R,) oA

54

oz s anparodlsiay

Voo

< L - R
Ry
SUGT s
L YW
R R; asin. f (L
) a) decreasing t4ry; {trp <tgra) ) < R
< v -
i Ref
Est - -

DIFFERENTIAL INPUT AMPLIFIER

¥,

i

I tare = (RyCy) In Vg / (Vop-Vigyl Ci=C, = 10nF
\J R[ =R, = RS =100kQ2 All resistors are +1% tolerance.
(ReCy) In (Voo / Vrg,) Ry=60kQ,R; =375k Al capacitors are +5 % tolerance.
tora= (RoCy) In (Vpp / Vi,
‘ Ry= _R2Rs
R?o RS
R =R R . £$Y] VOLTAGE GAIN (A, diff) = _Ri
Rl -
INPUT IMPEDANCE
¢ 2
1
(Zinpies) = 2 Y L
D R+ @C

b) decreasing tora: (tor>tgra)

Figure 7- Differential Input Configuration

To OSC1 of next

Figure 6- Guard Time Adjustment MT88708/ MT88708-1
normally connected as shown in Figure 2 (Single . ” >
Ended input Configuration). However, it is possible C
to configure several MT8870B/MT88708-1 devices s X-tal ~~ kN
employing only a single oscillator crystal. The osc e

oscillator output of the first device in the chain is __L

coupled through a 30 pF capacitor 1o the oscillator 0

input (OSC1) of the next device. Subsequent osc2 —I_”__ 0sC
devices are connected in a similar fashion. Refer to -

Figure 8 for details. The problems associated with C
unbalanced loading are not a concern with the ’
arrangement shown, ie; precision balanting

capacitors are not required N
p q . X-tal » 3.579545 Miz

0sC2 - 3

N
.

s

-t or ko

- ~

Figure 8- Oscillator Connection
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IS02-cMOs MT8870B/MT88708B-1

ARPLICATION s

RECEIVER SYSTEM FOR BRITISH TELECOM SPEC
POR 1151

- Tre = (RoCy}in Voo / (Vop-Vie )]

The circuit shown in Fig. 10 illustrates the use of Gra=R:.C)In{vy, vy
MT88708-1 device in a typicai receiver system. BT
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be v O_ﬁ Ro = (RiR) /Ry + R,)
attained by choosing a suitable values of R, and R, oo

to provide 3 dB attenuation, such that -34 dBm T

input signal will correspond to -37 dam at the gain StGT Notes:

setting pin GS of MT88708-1. As shown in the
diagram, the component values of R3 and C; are R, =368KQ +1%
the guard time: requirements when the total R, R,

component tolerance is 6%. For better ESt Rym22MQ 1%
performance, it is recommended to use the non-
symmetric guard time circuitin Fig. 9. 3 C, = 100nF +5%

Figure 9 - Non-Symmetric Guard Time Circuit

Voo °
a
. _I.
| o g L0 MrEs708-1 3
[i IN+ U Voo 4
IN- StGT .
—(] 65 esT P 3
R ] Vaer sto O——0O N
O—.\C INH Q4 j——o
O\c PWDN o P——0
—{]oscs 2 :}—-————O NOTES:
X g osc2 Q1 :}:]—O Ry=102KQ 1%
Vg ToE R;=71.5KQ + 1%
- ) Ry =390KQ £ 1%
. €. C=100nF ¢5%
X, =3.579545 MMz +0.1%

Figure 10 - Single-Ended input Configuration for BT or CEPT Spac
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