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All specifications apply over the specified operating temperature range, duty cycle voltage range,
’ and humidity uniess otherwise stated

DC input voltage:
10.5 to 15VDC

DC input current:
less than 400mA

Weight:
3 pounds maximum

Dimensions:
M Wx7TV"Dx2Ws"H

Telephone line conn.:
Modular plug

Operational Temp. Range:
-25°C to +55°C

Humidity range:
<95% relative humidity at +50°C

Input level from phone line:
© 4+ 5dBm max
autolevel threshold -35dBm = 3dB

Output level to phone line:
-9dBm max (time averaged over 3 seconds)

Input level from receiver:
280mVRMS nominal
autoleveled = 10dB from nominal
differential input impedance > 180k
Max DTMF twist (hightone/lowtone)
-8dB to +4dB

Output level to transmxtter '
165mVRMS x 1.5dB into 6002

Audio frequency response:

+ 3dB, 300—3000Hz from 1kHz reference
(-45dBm input, phone to repeater path)
(280mVRMS input, repeater to phone

path) '

Hum and noise:
-45dB from 1kHz reference using
30kHz LPF
(-30dBm input, phone to repeater path)
(280mVRMS input, repeater to phonc
path)

- Audio distortion:

3% max., 1 kHz tone
(- 10dBm input, phone to repeater path)
* (280mVRMS input repeater to phone
path)

Phone line busy detect threshold:
-10V 2V (or -20V 2V with 48V
e threshold ]umpcr JU2, m)

Loglc level mputs
© >4'volts is logic high, <1 volt is logic low.
Input impedance >90kS2 (inputs pulled
up through 100kQ to +5V bus)



Il. DESCRIPTION

1. GENERAL DESCRIPTION

The phone patch allows telephone service to be
extended to mobiles and portables. Conversations
are “half-duplex” with the mobile able to interrupt
the land-line party. Mobiles answer, originate, and
disconnect calls by sending Touch-Code tones with
their Touch-Code encoder.

The phone patch can be programmed to signal
the land-line with regencrated DTMF or dial
pulse, inhibit long distance calls (0 or 1 leading
digit), and allow 3, 10, or 20-minute calls (if al-

2. MOBILE OPERATOR INSTRUCTIONS
a. To Initiate a Call

1) Press the push-to-talk button and send a
Touch-Code star (*) (or pound-star (#*), if so
programmed). ‘ _

2.) Release the push-to-talk button and listen for
a dial tone. (If the telephone linc is in use and
the patch is so programmed, a busy signal will
be heard. The mobile operator may then release
the patch with a pound (#) or wait for a dial
tone.) :

3) Press the push-to-talk button and dial the
desired telephone number, cnding with a star
(*). (Cuts through mobile audio immediately on
completion of land-line signalling. If the number
is not terminated with a star, the patch will wait
3 seconds for additional numbers from the
mobile and then cut through mobile audio.)

4) When the land-line party answers, press the
push-to-talk button to speak and release it to lis-
‘ten. The land-line party will hear an “over” beep

- when you release the push-to-talk button, sig-
nifying it is his turn to talk.

lowed by regulations). If no mobile activity is
detected for 3 minutes, the patch is discon-
nected. Signal “ticks” are sent for 15 seconds
prior to a disconnect. An “over” beep signal is
scnt to the land-line party when the mobile un-
keys.

Self-diagnostic tests arc included in the
phone patch firmware to assist in installation
and troubleshooting.

5) 15 seconds prior to disconnecting a call
due to time out or mobile inactivity, the patch
sends a “tick” signal every two seconds.

6.) To disconnect a call, press the push-to-
talk button and send a Touch-Codc pound

(#).

b. To Answer an Incoming Call
(3-second ring signal sent)

1.) Press the push-to-talk button and send a
star (*) (or pound-star (#*), if so
programmed).

2) Say “Hello” and release the push-to-talk
button. o

3.) Carry on the conversation as described
above in “To Initiate a Call.”



o

e

I1l. INSTALLATION
1. SWITCH AND JUMPER PROGRAMMING

Determine the system requirements and set switch SWA as appropriate.

e

" Contiect cominand
‘on = star (*)
- off = pound-star (#*)

Teléphone liné signallin G

" Long distance inhibit (1 or 0 leading digit)
on = inhibitcd '
.off = allowed

“on & 10 mmutcs (1f section 5. off) e
4:-off = 10- mmutc timer off . . .

,jjlmuate nng sxgndllmg 10 mobxle, o
_ = after dth ring
. off = after 1st rmg

cess: phonc patch) SR SEEL :
;mobile.access denied and busy rcturncd whcn '
line in"use. (low Voltage on line) - R
'mobllc access’ allowed any txme

| !ng dctcct defcat - .' : g
= land-line to mobile alert signalling defeatedt
: and lme to moblle alcrt signalling’ allowed i

48-volt telephone line threshold
in (shunt in) = normal 48-volt idle telephone linc
- -out (shunl parked) - 24-v )| 'dlc lelephonc line

ormal operation . -

' ng sensmwty
'in (default) = normal ring scnsmvxty
.out = increased ring scnsmvxty ,

7



2. LEVEL CONSIDERATIONS

The phone patch automatically compensates for
varying telephone line levels and repeater receiver
levels. Therefore, the patch has no internal audio
level adjustments. Relcrence levels and autolevel

performance can be verified through usc of the
internal diagnostics. Refer to the “Internal
Diagnostics” section for details.

V. INTERNAL DIAGNOSTICS

The patch has built-in test procedures to assist in setup and troubleshooting. These tests arc invoked
through use of the TEST and RESET buttons on the circuit board. Pressing the TEST button once will
start test 1 and cause the “MODE” LED to flash once. Pressing it again will start test 2 and cause the
“MODE” LED to flash twice and so forth through test 5. Each time a new test is selected, a test timer is
set to 15 minutes. If this timer reaches zero, the patch resets itself to idle, ready to process telephone
calls. The following describes each test and the various indications.

1.TEST1

Keys the radio transmitter, acccsses the
telephone line, and sends a Touch-Code star (*) to
the transmitter and switched network at a level of
about -11dBm (600Q load) to the switched nct-
work and about 165mV (600Q load) to the trans-
mitter. This test can be used to check transmitter
deviation and telephone line access. While in this
test, the “MODE” LED indicates the level of the
alert inhibit input (on when pin 9 of Pl is
grounded, off when ungrounded). The “STATUS”
LED indicates the level of the patch disable input
(on when pin 10 of P1 is grounded, off when un-
grounded).

2. TEST2

The transmitter is keyed .and the. switched net-
work is accessed. The patch gencrates the 12
Touch-Code tones at six diffcrent levels. These
tones are sent to the switched network and looped
back to the DTMF decoder. The “STATUS” LED

illuminates on data valid from the DTMF decoder,

indicating that it is receiving its own DTMF codes.
The tones are on for 100 milliseconds and may be
slowed down to 500 milliseconds by pressing the
RESET button. Pressing the RESET button again
will freeze the test at the current DTMF tone and
level. Pressing the RESET button again will allow
the test to continue at the fast rate. The highest
level is adequate to overdrive the radio transmitter
and exceed the maximum input specification on
the DTMF decoder, This procedure may be used
to test the patch DTMF encoder/decoder and
most of the audio paths in the patch. During this
test, the “MODE” LED indicates the level of the
manual connect input (on when pin 11 of P1 is
grounded, off when ungrounded).

3.TEST3

The switched nctwork is accessed and land-
line signalling is enabled. A mobile can dial a
phone number in DTMF or dial pulse, as
programmed. When not land-line signalling,
reccive audio is routed to the phonce line with
autoleveling. This test allows cxcrcise of the
repcater to switched network path, with
autoleveling. While in this test, the “STATUS”
LED is on while receiving a valid DTMF tone
pair. The “MODE” LED indicates the level of
the unsquelched input (on when pin 12 of PLis
grounded and off when ungrounded).

4. TEST 4

The transmitter is keyed and the switched
network is accessed. Switched network audio is
routed to the transmitter with autoleveling
cnabled. This test allows exercisc of the phonc
line to transmitter audio path, with autolcveling.
The “MODE” LED is on when the audio level
on the switched network is adequate to causc
autoleveling. The “STATUS” LED is on when a
valid DTMF tone is being sent to the switched
network.

5. TEST §

This test cxercises the non-accessed functions
of the patch. The “MODE” LED illuminates
when off hook (phone line voltage below
threshold) and extinguishes when on hook (volt-
age above threshold). The “STATUS” LED
flashcs on when ringing is reccived on the
phone line. The “MODE” LED also flashes
since ringing will cause the off hook thresholds
to be exceeded.



VI. THEORY OF OPERATION

The phone patch functions are controlled by the unit microprocessor. The patch can be broken down

into functional blocks as follows:

1. DIGITALLY CONTROLLED AUDIO GAIN

Stage consisting of IC’s U15, Ul4, U124, U12C,
U9A and U9B. The processor can select the gain
stage input by control lines PCO and PC1 control-
ling U15, an integrated double pole, four-throw
analog switch. When onc input to the gain stage is
selected, a source for the DTMF decoder is also
selected (pins 1, 5, 2, and 4 of U15). The inputs to
the gain stage are:

a. Switched network on 0X
b. Repeater receiver on 1X

c. DTMF encoder and/or processor “becp”

tone on 2X and 3X

2. PEAK READING VOLTMETER CIRCUIT

The voltmeter circuit consists of gain switch
U12B, U10, U13, and U17. The voltmeter input is
always from the variable gain stage. Two levels of
gain arc controlled by digital line PAS. High gain
is used to indicate when a signal is present (VOX)
and low gain to measure its present level. The out-
put of the gain stage U10A is fed to the precision
rectifier circuit U10D and U10C. The peak of this
rectified signal is compared with the voltage
generated by counter U17 and the 1R-2R resis-

3. DTMF ENCODER/DECODER

The DTMF encode/decode circuitry consists of
U16, U9D, and U5A. The microprocessor clock is
buffered by USA and supplied to U16, the DTMF
encoder/decoder. The decoder receives it input
from switch U15 as described above. When the
decoder sees a valid DTMF tone pair, it asserts
DV (pin 22). This line is sampled every 5 mil-
liseconds by the processor. When a data valid is
seen, the processor takes data enable (DE, pin 5)
low causing U16 to output the decoded number on
digital lines PBO—PB3. The outputs are then

14

The processor can control the overall gain of
the functional block by changing digital lines
P10—P17 to the analog multiplier IC U14, al-
lowing a 1 to 255 gain change (gain numbers
limited by firmware to 10—250). The current
output of Ul4 is converted to a voltage by UJA
and amplified by U9B. The output of the gain
stage is routed to the phone line through analog
switch U12C and/or to the transmitter through
analog switch U12A.

tance ladder in comparator U10B. If the rec-
tified signal peaks are higher than the voltage
from the ladder, oscillator U13C is gated on to
increment counter U17, raising the ladder volt-
age until it is greater than the rectified input or

the maximum counter count of 15 is reached.

The processor periodically resets the counter
and reads its output to determine proper gain
numbers for the various path configurations,

turned off. When a DTMF tone is to be
generated, the processor places the digital num-
ber on PBO—PB3 and then takes data latch low
(LCH pin 17), then back high. To turn the tone
off, the processor takes reset (pin 16) high. The
generated DTMF tone is bulfcred by amplifier
U9D and sent to the analog switch Ul5 for
routing. When a beep or tick is required, the
processor sends a 949Hz square wave from P22
through C38 to switch U15.



4, PHONE LINE LIMITERS AND FILTERS

Audio from the phone linc is fed through high
pass filter U8D to filter out low frequency hum
and noise. Audio to the phone line is routed
through low pass filter USC which provides the
rolloff characteristics required for FCC registra-
tion. Limiters Q6 and Q7 limit the instantaneous

5. OFF HOOK AND RING DETECT CIRCUITRY

In normal telephone systems, one of the
telephone lines is grounded at the central office or
PBX location and a negative voltage is applied to
the other line. The off hook circuitry of Ull
detects this voltage and informs the processor via
PC5. Note that the power ground (and thercfore
radio ground) must be at approximately the same

6. DIFFERENTIAL RECEIVER INPUT

Amplifier U8B has differential instrumentation
input with fairly small RC time constants to mini-
mize hum and noise pickup. This signal is

7. MICROPROCESSOR BUS

Microprocessor U1 puts out multiplexed address
- and data on AD0—AD7. These signals arc demul-
tiplexed by address latch U2 which provides the
low order address bits to ROM U3. ROM U3 con-

8. POWER SUPPLY

Input voltage is fused, filtered, and sent to 5 volt
regulator U7 which supplies most of the patch
power. Oscillator USB generates about 100kHz
which is buffed by USC and USE and fed to
VFET’s Q1, Q2, and Q3. These FET’s provide a
push-pull, full B+ swing output. This signal is AC

9. POWER FAIL/RESTART

When the patch is first powered up,
microprocessor reset is held low until B+ reaches
about 9 volts (Z1, R24) which removes the high
through D3 to C13. Reset is then allowed to go
high after C13 discharges through R23. Once the
processor is running, running pulscs are generated

15

voltage that can be applied to the phone line.
Surge protectors S1 and S2, in conjunction with
chokes L6 and L7, provide a very high dcgree
of surge protection to the phone patch,
provided that the frame ground connections are
made as described in the installation section.

voltage as the grounded phone line in order for
the circuitry to work. Large voltage excursions
on the phone line are detected by opto-isolator
U18 and sent to the processor on digital line
PC4. The processor times and counts these pul-
scs to diffcrentiatc between dial pulses, ring, -
etc.

amplified by USA and sent to the analog switch
U1S.

tains the patch firmware. Peripheral interface
adapter U4 provides 24 input/output lines for
opcrating the various functions in the patch.

coupled and rectified by high speed diodes D1

_and D2. This voltage is filtered and regulated to

about -6 volts for the various analog devices.

at PA7, keeping C13 discharged and preventing
resct. If these pulses are lost due to program
malfunction or if power falls below the Z1—
USD threshold, reset is again asserted. JU3 is
for system cmulation use only.



mmw Ut U3 U4
—_ >N
i« (S5
i 2 37 aon jAoe 3 2__feo | Rea_1o 11__Ap@ 1 ADG 12
[ it T M08 S5 Lo+ %5 e Lmer 9| f%8 028 o [eor 13| 0% PRO
ol x 1000PF _ L u - ADG1 D1 a ARl DOl i —2 : ADBL  PAL
NS & O3 35 _AD2 hAD2 7 6_p02 fre2_ 9 3_Ap2 hADZ 14
IR SI& A002 | D2 @ ={A22 D2 £ < ADA2  PA2 <,
Tqw R e 3 | exmL roes |21 P03 KA03 81 o2 o3 | 2R3 L Ae3 o3 o3 1S3 kA3 16 (s Los[7 PR
33_ADY ) ADY 13 7 704 Aot 6 & RO+ L. AD4 16 (8 TAt
= . ADD4 [ D4 3 2{Aes  Do4 ADB4  PA4 \
» 32 _ADG | ADS 14 S N 7 _ADS hADS 17 3__PRS
47PF ucC  ADBS |3 DS as ROS  DES ADBS  PAS
U Ao |31 Ao6 J A6 177 2 oe |16 Pee_kmes 41 02 oo (18 RO6 L AD6 18| groc  ppg [ 10 PAS
1 2 ck, P2t 9 o 5 [3e_ro7 | Ro7 18 > {19 ne7 Loz 3108 (oo [18 Az \AD7 19 oooo poo (11 PA?
= . = -
Wo 21 Emmw 79 o8 | oo 07 a g8 25 | co As 22 oo pod [3% PBA.
P20 8 1p  hes (Z2-RO3 Ll U2 93 21| Aag Nﬂ\w RA 23 au e 3381
A10 5 /1 (v’ ={A1@  uD = E P82 e
Lluss an (2SR AL 23 a1 pon P22 @3 2dA  pe3 |SL-T83
| Rl _pPie| £ a12 |25 A12 = AlZ_ 210> ep 8 mw:& 6] g pese |20 PBY
LOOK PIB 13|50 a3 (2L AL AI3 261015 uss |1t L f N pas | 29 PBS
/2 PIL 4]0 s |23 AL Ve 1 Poe [ 28 PBE
Im,&almrrx (P12 18] o5 aig |22 RIS, m:m w 3 Roni o 22 Im...ﬂ 2d & pa7 |27 wmm
R3 P13_16 33_As 20 | RO, 3
——PLZ V5145 P13 RS 13 PCe 5 —pc1
190K PI5 18] b1 pleo e wo  bep [L_PC2
L,
e~ —BLLFPIe 18] 00 gy, [38 RA . pc3 a3 PLd
162K P17 28] S 1IRQ 38 PC4
RS 7191 P17 /M p=—— v PCY e
R S e Y e A USS  PCS IS5 pee )
a £ P23 A p PC6 1 \
| o 15 P24 12) 5% gy [2F pc? |22 FC7
168K
A7
—"\A,
hmmx R3 - RI6 = 1€K .
o e 196 I . par| TO LINEAR
/.WPD.')Z|\—J 12 +SU 4 SOURCE < SCHEMARTIC
SUB CONNECT MITH: pyy R0 2 1S »
ON=STAR W —p H\ :_\ l_\ :ﬁ _\ B+
OFF=POUND/STAR Ri1 3 < 14 . 3 fedood ol ol L.
SU? PHONE SIGNLNG! h WA u’ T .c._. .C.H .c._l ..c:_. .
ON=TOUCH CODE R12 ¢ 13 + &
OFF=ROTARY FS[A]. 12 m... - .
SHE LONG DISTANCE: R13 S 12 ._.
ON=INHIBITED B t , .
OFF=ALLOLED R4 & .11 —
SUS 3 HIN ACCESS TINE IR A
ON=3 HINUTES ais 7 o 1@ s
OFF=TIMER OFF Nt 02 =
Su4 10 NIN ACCESS TINE aig 8 ° 9
ON=10 HINUTES ALUD .E,P.ill.
OFF=TIMER OFF = ol
su3 RING SIGNNG To nog |7 TO LINEAR 3
ON=AFTER 4TH RIMG SCHEMATIC us
OFF=AFTER 15T RING Tso+—14
SU2 PHONE LINE BUSY DETECT —+
ON=MDB ACCESS DENIED LHEN LL BUSY AN L
OFF=M0B RCCESS ANYTLME 1090PF 16K L4
Sul RING DETECT DEFEAT |_||. —d A ULTD2.SCH  @11189 )
ON=LL TO MOB DEFEATED C14 R19
OFF=LL TO MOB ALLOLED = ULT INTERCONNECT SCHEMATIC

DIGITAL SECTION
SHEET 1 OF 2

16



—_ 2 40 T 13IMS
NOILD3S ¥U3NIT L7A

JOU001 M6AF MAy N6y K

b

800
T v

¥BTUW

719133 3784] 0100Y

o TG [OIN0) e VR R e
s tAD’ THN; H [k il &
Ho i Ly TR W,
4 e AR L L
° DIONY XN [~ 53 W]
D S ————11 L 17 8o
B3 O o IO o) R
s AR 0N o ¢

Vo
n

1

o | b

~ »
Be 52
= R
- »4 S 9% Wiy 9
N2 £9a M -
' T

H21ud MO 02

M3 WO

zm

JILBHIHIS iSIC OL

) W 133130 WiV * 097 SUMS

zm X040« TN

OF/ATVUMS X - Kit9 TIUIWA - 3E °F
0IMA 3003 WICL * @1 SUNLS
ML OO = 031 30
(EBATOLLS NS o~ MIES 5 IWA ¢~ L] X €
g1 3000 KOTL « 031 LS
101 L300 MY = 031 30M
STAI1 9 1y 2300230 UL ¢~ KL
N o K19 Jectwia < 0900 4L T
- AMNL ML PO = 31 SIS -
AGNL LIAUNT A3 = 030 3004
BATT TWAGLN 1Y 45 T X! 01 » 300 W0y 1

61631

17



— 40z 133 116130 37942 01088

1 —
ZD [}

11335 ¥UINIT 1A . i A mm i}
6 1AD] N H 30 ®

o mp— T e

uw $ _oTon Xy ..“ﬂi ls.l.&v“

- sectte s Jrailh’y s M3l IO C2
sl PV "R TR oo | Z '
i == g
1 /3% 0

sia n e do !

~ td I

1

[t

LRIV

J1IM3HIS
“W11910 01

mm.. — " d_L ‘ .A.II

= 1 LT T 3
merl e zimn .
etd

~
mw “WMINOD 1531 GISSII-HON °S
= 4100 NS 1WA 300D KX = T ShilLS
CION 4§ ~ 031 30
- P2l WTEATOAMN XL ¢~ KIS TIMIWA - N§ ¥
(2311 .Ed)g.ﬂdhnﬂum._g
W] ROFDIO J008

BTN NS - NIED TIWTRA - 1ML
03mA 300) K04 = C7) SIS
oLy NI LIN0) J0eH = TN 30

] NS <~ NIU® JWeIWA «- YROND Ut T

- - 1na0 IWELR (0 > T SUNIS
an ) yiTu T ]
" /A3 DNRASE 18 W ¥ X 0L ¢ 300 w00t Y

[JUEH

iy
v

17



T x e
4<%y RESET _ [

nsc < . 160-00

54
&

€ el |

48V
o ~ mmc R124
B ||| = B BF
S +{Ri27]
Rl g .
Q8
O

9,

LR LR

|

FEN

1

T} ~{oa }-

4 |-
A7 L 38
7S S

= g, .
ARG T o Tt % Q 5 IE]
Al }- G : : -1 ]
RIZ - ¥
RIY 1
Aret = 2 co
Y
: : L B ;

C33

18

:
&l

o

€17 cis
RIS |-

R
" €19

NGER:

AL U4
T

R31

T 17
51D Coese
%
Hle> 52
1 11
EE
LB
(R}

I ! H.c %.chmll— .u»_..:._»-_u...u_a.. _ll m
O

o) - Pl J2

_ ]

PROTECTIVE GND

Component Layout for VLT Circuit Board

[
-




