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WAUAmY 

ng any provision of any agreement the following warranty is 

ad, Inc. warrants each instrument it manufactures to be free from defects 
material and workmanship under normal use and service for the period 

of 90 days from date of purchase. This warranty extends only to the original 
purchaser. This warranty shall not apply to fuses, disposable batteries 

1(; or any product or parts which have been subject to misuse, neglect, accident 
or abnormal conditions of operations. 

1 

In the event of failure of a product covered by this warranty, Ziad, Inc. 
will repair and calibrate an instrument returned to an authorized Service 
Facility within 90 days of the original purchase provided the warrantor's 

I examination discloses to its satisfaction that the product was defective. 

I The warrantor may, at its option, replace the product in lieu of repair. 
Yich regard to any instrument returned within 90 days of the original 
purchase, said repairs or replacement will be made without charge. If 

I the failure has been caused by misuse, neglect, accident, or abornal 
I conditions of operations, repairs will be billed at a nominal cost. In 
1 such case, an estimate will be submitted before work is started, if 

P requested. 

TBZ FOREGOING WARRANTY IS 11 LIEU OF ALL OTER WARRAWTIES, EXPRESS OR 

1 ~ U E D ,  ImUmInG, .m m LMIED m, urr -ED w u w m  OF 
MEElUHTABILIl'Y, FITMESS OR ADEQUACY FOR IWY PARTICULAR PURPOSE OR USE. 

''. ZIAD, I N .  SIULL M O T  BE LIABLE FOR IWY SPECIAL IICIDEWU, OR COlsSEQUEHTIAL 
DAMAGES, UHETHER IN CONTRACT, TORT, OR OTHERWISE. 

If any failure occurs, the following etepn abould be takenr 
I 

1. Notify Ziad, Inc., or nearest Service facility, giving full details 
of the difficulty, and include the model number, type nuabcr, and serial 
number. 

2. On receipt of the Return Mrchandise Authorisatiaa. forward the 
instrument, transportation prepaid. Repira will be made at the Service 
Facility and the instrument returned, transportation prepaid. 

S E I P P U 6 T o M t u J F ~ m m a M m ~  

All shipments of Ziad, Inc. instruments should be made via United Parcel 
Service or "Best Way" prepaid. The instrument should be shipped in the 
original packing carton, or if not available, use any suitable container 
that is rigid and of adequate size. If a substitute container is used, 
the instrument should be wrapped in paper and surrounded with at least 

a four inches of excelsior or similar shock-absorbing material. 

C L a M m Q u u Q I n ~ m ~ ~ ~ P U I C l U S a  

The instrument should be thoroughly inspected immediately upon original 
delivery to purchaser. All material in the container should be checked 
against the enclosed packing list. The manufacturer will not be responsible 
for shortages against the packing sheet unless notified hnediately. If 
the instrument is damaged in m y  way, a claim should be filed vith the 
carrier imediately. Final claim and negotiations with the carrier must 
be completed by the costmwr. 



Section 6 - Specifications SECTION 1 - GENERAL 

6-1 Telephone Functions 
1. DC resistance --  MONITOR 

DC resistance -- TALK 
AC impedance -- TALK 

2. Minimum voltage across tip & ring - TALK 
3. DTMFdiallevel 

I 4. DTHF tvist 
5. DTHF Frequency Deviation 
6. Dial pulse dialing speed 
7. Dial pulse break % 
8. Ringer Equivalency 

I 6-2 Digit Display Function 

1 1. Minimum DTMF receive time 

I 2. Minimum DTMF receive level 
3. Haximum DTMF receive level 

i 
4. Maximum Twist 
5. Maximum Frequency Deviation 
6. DTHF display ON/OFF time range 
7. Minimum dial pulse receive rate 

I 8. Maximum dial pulse receive rate 
9. Hinimum dial pulse receive break 2 

10. Maximum dial pulse receive break f 
11. Minimum d/p receive interdigit time 

I 
12. In-band Tone minimum presence 
13. In-band Tone minimum level 

I 14. In-band Tone level deviation 
15. Long Pulse (hookflash) minimum presence 
16. Zero volt minimum interval 
17. Off-hook/Dial Pulse Threshold 

I 6-3 Digital Multi-Meter Function 
1. DC Voltage range 
2. ACVoltagerange (all+/-1%FS) 
3. DC Current range 

I 

6-4 Physical 
1. Size 

I 2. Weight 
3. Case Material 
4. Test leads 

I 5. Batteries 
6. Fuse 
7. Carrying case size 

115 Kot~ms 
250 ohms @ 20 m.4 
600 ohms @ 42 m.4, 

3 VDC 
- 3 dBM @20mA 
+ 3dB 
+I- .75% 
12 PPS 
6 OX 
O.OB 

40ms - 2 7dBm 
OdBm 
(+I-) lo dB 
(+I-! 1.5% (+I-)2Hz 
40 ms-9.9 seconds 
5 PPS 
20 PPS 
502 
7 5% 
looms 
500ms 
-24dB 
3dB or less 
150 ms 
50 ms 
adjustable 9-45 VDC 

000.0-199.9 VDC 
000.0-199.9 VAC 
000.0-199.9 mADC 

Specifications subject to revision without notice 

10.25 x 3.25 x 1.5" 
24 or. 
High impact ABS 
4'w/66 block clips** 
1.5 VDC AA (4) 
3 AG type. 114 AHP 
12" x 8" x 4" 

* As noted on Page 16, the AC impedance o f t h e  PHD is not a precise 600 Ohms. 
An optional in-line quick-connect adapter to the cord ,set can be supplied 
for this purpose (additional cost). This adapter also supplies a ground 
start feature. 

** Supplied standard. Optional quick-connect cord sets include: 309, 310 
and bantam plugs, sale RJ-11 and meter-style test probes (additional cost). 

1-1 Introduction 

The PHD telecommunicator is an enhanced test set which integrates all of 
the features provided by an ordinary Butt-Set vith a hands-free monitoring 
device, a speakerphone and a digital multimeter in one compact, portable 
device. 

In addition to these features, the PHD also contains Ziad's exclusive DIGIT 
DISPLAY which captures and displays the values of all tone and pulse dialed 
digits, including on/off time and dB levels (for tones) or X break, pulses 
per second and interdigit time (for pulses). The DIGIT DISPLAY also monitors 
the line status (on-hookloff-hook), zero volt intervals and non-DTWF voice 
band tones. 

Due to the sophisticated nature of the PHD, a thorough understanding of 
this sanual is required before attempting operation. (Failure to understand 
the interaction of various features could result in potential damage to 
your unit. ) 

1-2 Unpacking the Unit 

Each PHD is shipped from the factory in a corrugated carton that contains 
an inner carton made of high-impact double-wall plastic. This foam lined 
plastic case has a handle and is designed to be used as a permanent carrying 
case for the unit. Although the PHD provides the same features as most 
Butt-Sets, it is actually a complex, microprocessor based, electronic device 
and should be treated accordingly. We strongly suggest that the unit be 
kept in its carrying case vhen not in use. Also included with each PHD 
is one fuse, type 3kG k amp (already installed in the fuse holder of the 
unit), one set of batteries, type AA alkaline and thLs manual. Please 
check to make sure all items were shipped with the unit before proceeding. 

1-3 Installing the Batteries 

The battery compartment is located on the back of the unit, directly behind 
the keypad. Using a phillips head screwdriver, remove the single screw 
at the top (test leads facing down) of the compartment lid. Once this 
screw is removed, the lid vill sving out from the top until the two tabs 
that anchor the bottom of the lid to the unit body become free, at vhich 
point the lid can be removed. 

When installing the batteries, be sure that the polarity symbols (+ and 
- )  on each battery match those engraved in the bottom of the compartment. 
As soon as the batteries are installed in the compartment, turn the unit 
on to see if it operates properly (See Section 2). If not, remove the 
batteries promptly as they could be damaged if left in an incorrect position 
for a prolonged period of time. 

h'hen replacing the batteries in the future, use only high quality alkaline 
cells like those originally supplied with the unit. These cells have a 
lower impedance than conventional cells and vill guarantee better operation 
of the PHD's sensitive audio circuits. In addition, alkaline cells are 
generally cheaper on a per-hour basis. 

Never leave discharged batteries in the PHD for prolonged periods of time 
as they may leak and damage the unit. If lengthy storage of the PHD is 
required, remove the batteries regardless of age or charge. 



Figure 1 Figure 15 

18 (Rear) 
u v U 

1. Xiquid Crystal Display 10. Digit DisplayIDM Switch 

2. Display Contrast Pot 11. Normal/Hands-free Switch 

3. Off-Hook Threshold Pot 12. DC/AC Switch , ' 

4. Speaker/Earpiece 13. Tone/Pulse Dial Switch 

5. Talk/Honitor Switch 14. V/mA Svitch 

6. On-Off/Volume Control 15. Microphone 

7. Fuse 16. 16 Digit Keypad 

8. Clear Key 17. 66 Block Test Clips* 

9. Scan Key 18. Battery Compartment 

* Supplied standard - For optional test leads see Section 6. 

a;.!, ". I-;] .... 
. . . . 
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This is not a valid feature selection on the PHD. While no harm will come I 
to the unit by accidentally selecting this instead of DCbl, the 1 Ohm mA 
circuit is connected by the d switch regardless of the position of the ! 
AC/DC switch. Figure 16 shows the error message that will be displayed I 

if the switch setting is selected. 1 

Figure 16 I 

5-6 Over Range Indication 

Should the measurement of either V or mA exceed the limit of the display, 
the indication shown in Figure 17 will appear in the space where the value 
is usually displayed 

Figure 17 1 

Note: 

The block diagram of the PHD (Figure 2) on Page 4 indicates that the 
DM-Volts circuit has a DC resistance of lM Ohm, while the Digit Display 
has a DC resistance of 130K Ohms. Since these two circuits are connected 
in parallel and are not switched, the total resistive equivalent of the 
PHD in the M (monitor) mode is 115K Ohms, as noted in Section 6. While 
this is somewhat lover than most DM's, it is more than adequate to provide 
accuracy within 1% when reading open-circuit (on-hook) voltage of typical 
telephone lines. As an example, the PHD reading taken on a phone line 

I 
that has a 5 0  VDC battery and 1150 Ohms of external resistance would 
be displayed as 49.5 VDC (1% or .5VDC low) due to the fact that the PHD 
is in series with the external load, which accounts for 1% of the total ( 

resistance. This small discrepancy is inherent in all D M ' s  and only 
occurs when reading open-circuit voltage with series resistance or when 
reading the voltage drop (closed-circuit) across a resistance that is 
substantial when compared to the meter. Readings taken of voltage sources 
which do not have any series resistance, such as batteries, power supplies 1 
or commercial AC power, will be even more accurate than 1%. 

I 

As with all Dm's, the accuracy of the reading taken by the PHD depends 
I 

on a thorough knowledge of the circuit involved, the internal resistance 
of the meter itself and Ohm's Law. 



5 -2 DC VOLTS 
1-4 Replacing the Fuse 

This mode is selected by moving the V / d  switch to V and the AC/DC switch 
to DC. The LCD will display the format shown in Figure 13 and the value 
will appear vith proper polarity sign (no sign for positive, - for negative). 
This mode may be used in either T or H on telephone lines due to the high 
DC resistance of this circuit. If you wish to check the voltage of something 
other than a telephone linesthis circuit will not be damaged, but be sure 
that the T/W switch is in I to avoid damaging the Butt-Set circuit or blowing 
the fuse. 

Figure 13 

5-3 AC VOLTS 

This mode is selected by moving the V / d  switch to V and the AClDC switch 
to AC. The LCD will display the format shown in Figure 14 and the value 
will appear without a polarity sign (no sign necessary for AC volts). This 
mode was designed to be used on telephone lines in the W switch position 
to monitor ringing voltage. While no damage will come to the unit from 
use on a telephone line in T, it is highly unlikely that any appreciable 
reading will be found. If you wish to check the voltage of something other 
than a telephone line, this circuit vill not be damaged, but the T/H switch 
must be in B to avoid damaging the Butt-Set circuit or blowing the fuse. 
However, if you use the PXD to measure high-voltage sources such as 
commercial power (110 VAC), do not use the standard 66 block test clips 
for this purpose. These clips are of typical design to provide functional 
connection to typical telephone type blocks but vill not fit into AC sockets, 
nor can they be grasped far enough away from the exposed metal portion 
to avoid potentially harmful electrical shock. Optional quick-connect - 
meter style test probes must be purchased if you wish to use the PHD for 
 his purpose. 

Figure 14 

This mode is selected by moving the V / d  switch to mA and the AC/DC switch 
to DC. The LCD vill display the format shown in Figure 15 and the value 
will appear vith proper polarity sign (no sign for positive, - for negative). 
Before selecting this mode, be sure that you have a good idea of what current 
level is to be expected. Please remember that this switch setting places 
only 1 Ohm of resistance between the test leads, effectively creating a 
"dead short" condition. Also remember that the fuse size is k amp or 250 
mA and can be blown by any voltage source that supplies as little as k 
volt, provided that the current rating is high enough. 

To take a current reading on a telephone line, you must be in series vith 
the circuit. The best place to do this is to remove a bridging clip from 
either side of the line and plsce one test clip on each side of the gap 
created by the removal of the clip. 

The fuse holder is located on the right side (display facing you) of the 
hand grip. 

Insert a small screvdriver or your fingernail into the slot on the fuse 
holder cover and gently push in vhile rotating the cover one-quarter turn 
to your left (or counter clockwise). Release the pressure and the entire 
fuse assembly vill be released and can easily be removed. Remove the fuse 
from the fuse holder assembly and replace with a new 3AG k amp type. Never 
replace vith a larger fuse as serious damage to the PHD may occur.) 

SECTION 2 - BASIC OPEBATION 
2-1 Pover-On Sequence 

Before turning the PHD on, take several minutes to acquaint yourself with 
the location of each item s h o w  in Figure 1. Once you have done this, 
.turn the PHD on by rotating the thumbwheel ON-OPF/VOLDHE control, located 
on the left side of the unit (display facing you), down or counter-clockvise. 
You should immediately hear a positive "click" from the thumbwheel control 
which indicates the OR position has been reached. You need not rotate 
this control any further at this point. As soon as power is applied to 
the unit, the sign-on messages should appear on the Liquid Crystal Display 
(LCD). There are two (2) messages in all, lasting one (1) second each. 
These messaaes will appear as follovs: - . . 

PHD? Copyright BATTERY SUPPLY 
1985 by ZIAD, INC - IS OKAY 

If these messages are not displayed immediately, depress the CLEAR key. 
If the unit still fails to produce the sign- on messages, check the batteries 
for proper polarity and repeat the above steps again. 

2-2 Battery Low Indication 

If the second of the two sign-on messages appears as "BATTERY SUPPLY IS 
LOW" instead of "BATTERY SUPPLY IS OKAY." as previously described, this 
is an indication that the batteries have discharged sufficiently to trip 
a circuit vithin the PHD which creates the above message. This should 
occur when the battery voltage has dropped to approximately 4.75 VDC. The 
unit should continue to operate for some time after the first appearance 
of this indication. While no absolute guarantee can be given as to the 
actual time left in the batteries, nor the accuracy of the meter functions 
in the low battery state, experience to date has shown that the majority 
of units will continue to exhibit more than enough accuracy for 
telecommunications testing with as lov as 4.2 VDC. The time required to 
discharge from 4.75 to 4.2 VDC varies vith the use of the PHD's features 
but should be in the 4 to 6 hour range. 

To viev the battery status at any time without turning the PHD OFP and 
ON again, simply press and hold the SCAN key, press and release the CLEAR 
key, then release the SCAN key. This will generate the sign-on messages 
as previously described. This two-key sequence can also be used to re-set 
the microprocessor at any time. Although this should rarely be needed, 
past experience has demonstrated some "brovn-out" problems as certain 
functions are selected on the PHI, which require more current from batteries 
that are already in the "lov battery" state. Symptoms of this condition 
would be the failure of the LCD to change displays when various mode switches 
are selected, or the failure of the CLEAR key to re-set the display. 



Figure 12 

Digit Display 

130 K n  

Rin 
l~esl 1 
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The circuit that determines the readings for each function was designed 
to be fully autoranging throughout the - 1  to 199.9 range (V or d). Bearing 
in mind that the PHD is intended primarily for use on telephone lines, 
a slight compromise was made in accuracy to accommodate this autoranging 
function. The stated accuracy of this circuit must be + or -1Z of the 
full scale in any mode. However, actual testing to date indicates that 
the average unit possesses a greater degree of accuracy than expected. 
While we cannot guarantee better results than our stated accuracy, we would 
suggest that you compare your PHD with another high-quality meter to 
determine what difference exists between the two. If you perform this 
experiment, you should notice the greatest offset at the very low range 
of 3 or less. You may also notice a small offset within the PHD itself 
when taking opposite polarity readings in this range, using the same source. 
Nevertheless, we are satisfied that the accuracy of the PHD is more than 
adequate within the range that would typically be required to perform testing 
on most telephone lines. 

DMM-vo 1 t s 

1 M0 

Another subject that needs explanation is the color coding of the test 
leads. As mentioned in Section 2, the test leads of the PHD are color-coded 
according to industry standards ("red is ring"). Since both the Butt-Set 
features and the. MM features are served by the same set of test leads, 
the color-coding is common to both. Since the standard for Mal test leads 
is that red is the most positive, the PHD was designed to comply with this 
standard. This may confuse some persons when taking a reading on a telephone 
line because the ring side of the line should be the most negative of the 
pair, which means that the PHD will provide a negative reading. Actually, 
this turns out to be correct since the black lead of a Mlll should always 
be connected to ground and the tip side of the line is the ground for the 
circuit. This means that the battery side of the line, or ring, is at 
a negative voltage with respect to ground, or tip. Therefore, any negative 
reading on a telephone line is the correct polarity. 

If you take the suggestion offered in Section 2 of leaving the front panel 
switches in the "up" position as the "normal" mode, then simply moving 
the DIGIT DISPLAY/Dl!H switch to DMI will serve as a quick polarity check 
of the line. This is a great improvement over the old-style polarity button 
found on most other Butt-Sets, which draws significant current from the 
line and creates audible "clicks" that can be heard by the parties on a 
monitored line. 

Fuse 
V(mA I Switch 

4+ 
DMM-mA 

10 

TlM 
Switch 

Telephone Network 
2 

25011 @ 20- 



Figure 11 
2-3 Switch Interaction 

I This display feature is produced by the same circuit that produces the 
1 bottom row event parameter of dB for tones. This display is completely 

interactive with the DIGIT DISPLAY and may be viewed while new characters 

I 
are captured and retained in memory for review with the SCAN feature after 
returning to DIGIT DISPLAY from dB BAR GRAPE. 

The purpose of this feature is to provide a "real time" visual indication I of tone level activity. Figure 11 shows the display format for this 
feature,which has a large bar that moves from left to right as the signal 
level increases. The scale for this meter is calibrated in 3dB steps with 
the -27, -21, -15. -9 and -3 steps displayed. The blocks between these 
steps do not have their value displayed on the scale due to lack of room, 
but are -24, -18, -12 and -6. In addition, any reading of OdB or greater 
is indicated by a right-hand arrow, while tones less than -27dB cannot 

I be detected and are indicated by a left-hand arrow. 

I The circuit that determines these levels is generally called dB (relative). 
However, if the device that terminates the telephone line has an AC impedance 
of 600 ohms at the appropriate test tone frequency, then the meter can 
be read as d h .  The PHD Butt-Set feature (T) was not designed to present 
a precist 600 ohm AC impedance for this purpose. However, an optional 

I 600 ohm (resistive) plug is available to provide this feature. This plug 
is designed to fit into any of the quick-connect PHD cord sets (See Section 
6). 

I SECTION 5- D M  FEATURES 

5-1 General 

Figure 12 shows the location of the three (3) front panel switches associated 
with the D M  features of the PHD. As indicated, the DIGIT DISPLAYIDM 
switch must be set to D m ,  while the AC/DC and V / d  switch may be set in 
various combinations to select the desired function. As stated in Sections 
2 and 3, extreme caution must be exercised before using this .function. 
This is particularly true if you are dealing with a voltage source other 
than a telephone line. In this case, you should definitely make sure that 
the TIM switch is firmly set to M. 

Before attempting to connect the test leads of the PHD to any voltage source, 
you should thoroughly understand the internal circuitry of the unit as 
controlled by the white front panel switches and the black right-side mounted 
switch. 

Figure 2 is a block diagram that represents the three main connections 
that are made through the PHD between its test leads. Since the PHD was 
designed to be used as a telephone line test device, the DC resistance 
of each connection was carefully calculated to provide adequate sensitivity 
while insuring that the total loop resistance of the line is not affected 
by the presence of the PHD. While this is true for the Digit Display 
and Dm-Volts circuits, which present a very high resistance across the 
line, the D M - m A  and the telephone network behave in the opposite manner 
since they present a very low resistance across the line. Both of these 
circuits will allow enough current to flow through the PHD to blow the 
fuse if connected to a voltage source without adequate series resistance. 
Since all telephone lines have built-in resistance that effectively limits 
current flow, you should never have to replace the fuse in the PHD if its 
use is limited to this area. 

While you may use the PHD to measure non-telephone line voltages end 
currents, you should do so only after reading the remainder of this manual. 
You should also have a good general understanding of Ohm's Law as it relates 
to series and parallel resistances. 

Regardless of the application, it is a good idea to leave all five (5) of 
the front panel switches and the single right-side switch in the "up" 
position (toward the display) between feature selection. By restoring 
the switches to this position at every opportunity, you will become 
accustomed to this appearance as the "normal" mode for each switch and 
will be less likely to leave any switch in a position that could blow the 
fuse when the unit is connected to a different source. In addition to 
being a good safety precaution, you should find that the "up" position 
for each switch will provide the feature selection that is used the majority 
of the time. 

2-4 Checking the Fuse 

The PHD was designed in such a way that only those portions of the device 
that might be harmed by high currents are fused. This means that the PHD 
will still -be a useful tool should you accidentally blow the fuse without 
a replacement handy. Specifically, the Digit Display and the audio monitor, 
including both NORMAL and HF modes, will continue to work properly (See 
Sections 4 and 3). The D m  displays will appear in their proper format 
when selected but will exhibit no reading (with the exception of DC-VOLTS 
which may read 1.5 or less due to the fact that some circuitry is shared 
with the Digit Display).(See Section 5). The most obvious symptom of a 
blown fuse, however, is the loss of the Butt-Set features including the 
ability to seize the line or dial in either Tone or Pulse. (See Section 
3). Should your PHD exhibit any of these symptoms, replace the fuse as 
previously described in Paragraph 1-4. 

2-5 Test Leads 

The PHD is equipped with a pair of industry standard Butt-Set type test 
leads that terminate in 66 block clips. As is typicel of most other sets, 
the red lead is the ring side of the line (easily remembered by saying 
("red is ring") and the black lead is tip or ground. 



SECTION 3 - BUTT-SET FEATURES 
3-1 11 (monitor) Mode - General 

Figure 3 shovs the location of the T/W (talk/monitor) svitch on the right 
hand side of the unit. When this svitch is placed in the W position, the 
PHD represents a high DC resistance and AC impedance to the telephone line 
(See Section 6). This is desirable for monitoring line status and audio 
activity vithout significantly influencing either. Hovever, this is only 
true if the V/mA switch is in the V position. In the rA position, this 
svitch vill place a 1 ohm resistor in parallel vith the monitor circuit, 
effectively shorting it and the telephone line at the same time (See Section 
5). 

Figure 3 

3-2 W (monitor)/NORM (normal) Mode 

This mode is selected by placing the NORM (normal)/ HP (hands-free) svitch 
in the NORM position. This vill fix the volume of the speaker at a level 
vhich vill allow the PHD to be used in a similar manner as other Butt-Sets, 
vith the speaker placed to the ear. This mode is best used for quiet 
monitoring vhere you do not vant others to hear the monitored call. 

3-3 W (monitor)/HP (hands-free) mode. 

This mode is selected by placing the NOEM (normal)/EF(hands-free) svitch 
in the BP position. This vill allov the volume of the speaker to be adjusted 
by using the thumbvheel OH-OFF/VOLDHE control located on the left side 
of the unit. . The PHD can then be placed on any flat surface or propped-up 
in its carrying case to provide hands-free monitoring of the line. This 
mode is best used in situations vhere you need to check something or make 
an adjustment at the opposite end of the telephone room vhile continuing 
to monitor the line, or when more than one person needs to listen to line 
activity. 

One vord of caution: The volume of the PHD in this mode may surprise 
you. To keep from accidentally broadcasting a monitored call beyond your 
immediate area, it is a good idea to turn the volume all the way down before 
selecting the HP mode. 

This key has several uses that have already been described in Section 2. 
Hovever, the primary function of this key is to clear the display of all 
data that vas captured for the last call record. Simply press this key 
once and the display vill be erased except for the first space of the top 
rov vhich always indicates the current line status. 

4 - 8  SCAM KEY 

Until nov, the DIGIT DISPIAY has been discussed in terms of "real time." 
While it is true that this feature operates vith only a slight delay that 1 
is caused by the need to wait for timing data, many events simply occur 
too fast to allov the bottom row parameters to be adequately revieved. 
By using the SCAN key, you can reviev previously stored data during the 
progress of a call or after completion. 

As previously described, the cursor rests under the last character that 
is displayed, vith the bottom rov of the LCD indicating the parameters 
for this character. The SCAR key moves the cursor one space each time 
it is depressed, moving left to right. Upon reaching the last space of 
the top row, it will move to the first space of the bottom rov and then 
return to the second space of the top row, at vhich time the parameters 
for that character vill re-appear on the bottom rov. If the display is 
not completely full, the cursor vill skip all empty spaces for a faster 
return. If you use the SCdA key while a call is still in progress, you 
vill notice that nev characters are vritten to the display in proper 
sequence, but the cursor vill remain vhere you placed it, vith the parameters 
for that character displayed on the bottom row of the LCD. The parameters 
associated vith these nev characters that are displayed during the SCAN 
process have not been lost but have been placed in memory. To viev these 
parameters, simply move the cursor under each character and they vill appear 
on the bottom row. 

As you may have noticed, the complete cursor cycle around the LCD seemed 
to stop on the first space of the bottom row vithout reason. If you vill 
recall, this complete cycle is only required if the display is "completely 
full." Up until nov, we have discussed this top row as displaying event 
characters and the bottom rov as displaying event parameters only. While 
this is true for the first fifteen (15) characters (full top rov), the 
bottom row serves a second purpose should a sixteenth (16th) character 
be created. If this occurs, the bottom rov vill begin to display event 
characters until full (16 characters). Hovever, no event parameters are 
captured for these bottom rov characters. This is vhy the cursor only 
stops at the first space of the bottom rov. Since these characters have 
no parameters associated vith them, there is no need for the cursor to 
move under each one. Instead, it simply stops at the first space and 
displays the entire row of characters before returning to the second space 
of the top rov. 

4-9 dB BAR G W H  
I 

Figure 11 shovs the correct front panel switch positions required to select 
this feature. As you vill notice, the AC/DC and V / d  svitches appear to 
be set to AC and d. These svitches actually serve a dual purpose and 
select dB BAFL GUPB when the DIGIT DISPIAY/DHH svitch is set to DIGIT 
DISPLAY. Be scre that this svitch is set properly to avoid placing the 
1 ohm rA measuring circuit across the line, which vould occur if this svitch 
is accidentally set to DMI. 



This is called the LINE-STATLIS-ON-BOOK. This occurs whenever 
the line voltage rises above the OFF-BOOK threshold for at least 
150 milliseconds and will continue to be displayed until replaced 
with one of the next two characters. This character will only 
be displayed in the first space of :he top row. 

This is called the LINE-STATUS-OFF-BOOK. This occurs whenever 
the line voltage falls below the OFF-BOOK threshold for at least 
100 milliseconds and vill continue to be displayed until replaced 
by either the ON-BDOK version of this characater (above) or the 
ZERO VOLT INTERVAL (next). This character vill only be displayed 
in the first space of the top row. 

This is called the ZERO VOLT INTERVAL. This occurs whenever 
there is less than 3 volts of potential across the line for at 
least 50 milliseconds. This character may be present in the 
first space of the top row if the display has been cleared (See 
4-7) and the test leads are not connected to anything or are 
connected to an idle ground start trunk. This character may 
also be present at any other space on the display vhich vill 
indicate that the telephone switch battery has been removed from 
the line. This occurs regularly on most switches just before 
dial tone is generated or as the call is svitched after completion 
of dialing. This is not the same as the break cycle of a rotary 
dial pulse vhich occurs when the line volt~ge rises above the 
OFF-BOOK threshold, although no current vill flow during either 
ever.t. The bottom row parameter for this event is shownfin Figure 
10, with the on-time indicating the length of the event (usually 
50-150 milliseconds). 

This is called the LONG PULSE INTERVAL. The criteria for this 
event is the same as the LIRE STATUS ON-HOOK (above) but it is 
displayed in the call record at the point vhere it occurred. 
This character is usually created by a hook-flash or a legitimate 
ON-BOOK vhich may last any length of time. In this second case, 
you will only see this character if you do not clear (see paragraph . 
4-7) the display before a new OFF-BOOK occurs,due to the fact 
that characters are not displayed until an event ends. The bottom 
rov parameter for this evenr is shovn in Figure 10, with the 
on-time indicating the length of the event. Frequently this 
time will be shovn with an up-arrov in front of 9.9 seconds, 
since this is the limit for this timer. 

This is called the IN BAND TONE INDICATOR. The criteria for 
this event is the presence of any non-DTMF tone on the line for 
at least 500 milliseconds, that is between 300-3000 HZ and has 
a level of at least -24dB vhich does not fluctuate more than 
3dB. This charzcter is usually created by dial tone or ring 
back. In this second case, the software vill not allov consecutive 
characters of this type to be displayed next to each other. 
Instead, a single character will be shown but as soon as the 
first tone has ended, the on-off time of the bottom rov parameter 
will begin to toggle back-and-forth with each nev ring. This 
feature keeps the display from being filled vith ring-back signals. 
The format for the bottom row parameter is the same as for D n F ,  
as shown in Figure 8, vith the on-off time indicated for the 
last cycle only. 

3-4 T (talk) - General 

Figure 4 shows the correct position of the T/H (talk/monitor) switch vith 
the PHD placed in the T mode. This switch setting will place the voice 
hybrid network, tone dialer and pulse dialer across the telehone line to 
allow outbound calling. Collectively, these circuits exhibit a lev DC 
resistance (See Section 6 ) ,  vhich will allow adequate current to flov in 
the loop to trip the off-hook indicator and dial tone generator in the 
telephone svitch. As pre\liously described in paragraph 2-3, the T mode 
should never be selected when the PHD is connected to any voltage source 
other than a telephone line. When using the PHD as a DUX to read the voltage 
of any non-telephone line source (See Section 5), be sure to check the 
T/M switch to see that it is in the H position before connecting the test 
leads. This vzrning applies even if the ON/OFP v o l e  control is OFF. 
Failure to check this svitch when using the PHD in this manner could result 
in a blown fuse or a damaged unit. 

Figure 4 

This mode is selected by placing the NORM ( n o m a l ) / ~ ~  (hands-free) switch 
in the NORM position. This vill fix the vtlume of the speaker at a level 
vhich will allov the PHD to be used in a similar manner as other Butt-Sets, 
vith the speaker placed to che ear. This mode is best used for quiet 
conversation vhere you do not want others to hear the c ~ l l e d  party. 

3-6 T (talk)/H~ (hands-free) Xode 

This mode is selected by placing the NORM (normal)/HP (hands-free) switch 
in the EF position. This changes the PHD from typical Butt-Set usage into 
a full-featured, hands-free speakerphone. The speaker volume may be adjusted 
by using the ON-OFF/VOLUHE control, vhile the microphone level is controlled 
by internal circuitry for the best overall performance. 

As vith all speakerphones, you vill notice a slight delay after you stop 
talking before you hear the speaker volume return to the adjusted receive 
level. This is due to the fact that the speaker and the microphone cannor 
be connected to  he line at the same time because they would feed back 
continuously. To overcome chis problem, all speakerphones have a circuir 
that switches these components in and out based on a determination of vhich 
party is spezking and which party is listening. This determination is 
made by compLring the level of sound occuring on the telephone line vith 
that of the microphone. The slight delay that is heard is due to a timeout 
circuit that decides when to make the transition from one mode to the other. 



Figure 9 Although circuits associated with this feature have been designed to provide 
the best possible operation in most situations, you may experience either 

. "cutting in and out" or "excessive delay." 

"Cutting in and out" is generally caused by lov voice andlor high noise 
on the telephone line where very little difference is detected in level 
between talking and listening. If this occurs,' try calling back in hopes 
of finding a cleaner circuit; 

"Excessive delay" is generally caused by consistant, but not necessarily 
loud, background noise in the immediate vicinity of the PHD; If this occurs, 
try turning off any noise-producing devices such as radios, copiers or 
typewriters, if possible. 

Even if you do not experience either of the above problems, speakerphone 
performance is always improved by following several basic rules: 

1. Make sure you have the best possible telephone connection. 

2. Try to eliminate all or as much background noise as possible from the 
environment around the PHD. 

3. When speaking, face the microphone and speak firmly; 

4. When listening, be as quiet as possible; 

5. Do not try to talk over the other person: Wait quietly until there 
is a break in their conversation and you hear the speaker volume go dovn 
before beginning to speak. 

If you find that you cannot use the ROWHP feature at a particular location, 
simply move the BOBH/HP back to B O B  and use the PHD as a hand-held Butt-Set. 

3-7 T (talk) Dialing Mode Selection 

Figure 4 shows the location of the IOHE/PULSE svitch which is used to select 
the type of dialing provided by the PHD. When placed in the TOHE position, 
the PHD vill dial in D l W .  All sixteen (16) keys on the keypad are active 
in this mode, vith the character set consisting of the twelve (12) standard 
telephone characters of 1 through 0, *, and # plus the four characters 
on the right hand side vhich are labeled as A,B,C and D (typically called 
4th column or military tones.) 

When placed in the PULSE position, the PHD vill generate precise dial pulses 
at a rate of tvelve (12) pulses per second, vith a break cycle of 602. 
Only ten (10) keys are active in this mode, vith the available character 
set consisting of the standard rotary dial telephone numerals of 1 through 
0 

SECTION 4- DIGIT DISPLAY FEA'IWXS 

4-1 General 

Figure 5 shovs the location of the DIGIT DISPLAY/MM svitch in the middle 
of the five ( 5 )  svitches that are mounted in the front panel of the hand 
grip portion of the PHD. This switch serves tvo purposes: it acts as 
a hardware flag that tells the microprocessor to look at the DIGIT DISPLAY 
or the W circuitry and it disconnects the d portion of the V / d  switch 
to provide extra protection against accidental use; Since this svitch 
does not disconnect the DIGIT D I S W  or W - V  circuits vhen it is in the 
opposite position,these circuits exist in parallel, but still present a 
very high DC resistance and AC impedance to the line. (See Section 6). 

Figure 9 shovs the same call record as Figure 8 but the cursor is nov under 
the 7. Once again, the format of the bottom rov indicates what method 
vas used to transmit the character, which in the case of the 7, vas D M .  

The information that is captured for DTHF is: onloff time, vhich is the 
amount of the time that the tone vas present on the line, folloved by the 
elapsed time from the end of this tone to the beginning of the next DTHP 
cone or the beginning of an entirely new event, and the dB level of the 
tone. The range of the onloff timer is .001 to 9.9 seconds. In the above 
example, both the on and the off times are displayed as .060, vhich equals 
6011000ths of a second, or 60 milliseconds. The range of the dB function 
is -24 to OdB (relative) and is read exactly as displayed. 

Figure 10 i 

Figure 10, once again, shovs the same call record as Figures 8 and 9 but 
the cursor is nov under one of the PHD's custom characters, knovn as the 
Zero Volt Interval. Since this character is not a tone, no dB level is 
displayed. Therefore, the only information that can be captured is: onloff 
time, vhich is the amount of time that the Zero Volt Interval was present. 
folloved by the elapsed time between the end of the event and the beginning 
of the next. The range of this timer is .001 to 9.9 seconds. In the above 
example, the event is displayed as lasting .loo, vhich equals 10011000ths 
of a second. or 100 milliseconds. while the off time is displayed as 4.9 
and is read as 4.9 seconds. 

Although many different terms have been used in this section, all of which 
mean different things depending on the context in vhich they are used, 
it is interesting to note that, from an electrical standpoint, the terms 
"make cycle", "interdigit time"," DTMF of f-time" and custom character I 
"off-time" are all identical in function and simply mean that there is 
a stable DC voltage dropped across the test leads of ,the PHD that is belov 
the off-hook threshold and has no appreciable AC component. I 

I 

4-6 Custom Characters 

As previously mentioned, any character that has a numerical value of 1-0 
is a dialed digit that vas transmitted in either rotary dial pulse or DRIF. 
The difference can be determined by the format of the bottom rov parameter 
display. In addition, the DTHF characters *, #, A,B,C and D are displayed 
exactly as they appear on the keypad. The other five ( 5 )  characters that 
may appear on the display are custom characters that were created especially 
for the PHD. Each of these characters is created by a specific event that 
occurs during typical telephone line usage. The definition of each character 
and the associated event that creates it is as follovs: 



The operation of this display is very much like a typewriter, with each 
event character filling the next space to the right. The display cursor 
(a small line under the character) is left under the last character that 
was displayed, until the next event creates the next character. This 
continues until all thirty-one (31) spaces are full, at which point the 
display software will cease the accummulation of data and will not "wrap 
around" or "write over" previously displayed data. 

There is one last item that should be mentioned concerning the operation 
of the display. As you begin to familiarize yourself with the DIGIT DISPLAY, 
you will notice that each event character is not written to the display 
until it has finished. This is due to the collection of timing data that 
will be explained in the next paragraph. 

I 
4-5 Event Parameters 

1 Using the example once again of the event charecters being written to the 
display as if they were being typed on a typewriter, imagine that the display 
software could keep track of the amount of time that each key was held 

1 down and the amount of time that elapsed from the point where the last 
key was released until the next key was pressed. This is exactly what 
the display software captures for the first fifteen (15) event characters I that fill the top row of the LCD. The bottom row is used to display these 
parameters in three different formats, depending on the type of character 
that the cursor is sitting under. By using the SCAN key (see paragraph 
4-7), you can view the parameters for each top row character on a 1 space-by-space basis. 

Figure 8 

Figure 8 shows a completed call record that consists of fourteen (14) event 
8 characters which follow the off-hook status indication and fill spaces 

I 
2 through 15 of the top row of the LCD. If you will notice, the cursor 
is under the character 6, This means that the information associated with 
this character is currently displayed on the bottomm row of the LCD. In 
the case of the 6 ,  the format of the bottom row indicates that this character 
was transmitted in rotary dial pulse.. Had this 6 been transmitted in D m ,  

I the format of the bottom row would be much different in appearance, as 
the next example (Figure 9) will demonstrate. 

The information that is csptured for rotary dial pulse is: % of break, 
which is the % of the time the line was broken during one complete break/make 
cycle, the pulses-per-secon?, which is the number of complete pulse cycles 
that can be transmitted in one second, and the interdigit time, which is 
the time that elapsed from the end of the break period of the sixth pulse 

( of the 6 ,  to the beginning of the break period of the next rotary dial 
pulse character, or the beginning of an entirely new event character. The 
range of the interdigit ticer is .001 to 9.9 seconds. In the above example, 
:his time is displayed as .700, which equals 700/1000ths of a second, or 
700 milliseconds. Note: The interdigit time is the only parameter that 
is displayed for a rotary dial pulse 1, since % break and PPS cannot be 1 calculated for a single brerk. 

The DIGIT DISPLAY is totally compatible with the T/U switch in either 
position. In the M mode, the LCD will display line status, dialed digits 
and several other parameters that are created by the activity of the device 
that terminates the line (PBX. KSU or single-station phone). In the T 
mode, the same information will be displayed but it is created by the 
Butt-Set features of the PHD itself. This is because the microprocessor 
that runs the LCD is completely ignorant to the fact that it is in the 
same physical package with a telephone instrument and treats this circuit 
the same as any other device that seizes the line and dials. 

The main point of this discussion is to make you aware of the fact that 
the PHD actually tests itself when placed in the T mode. This can be very 
helpful in certain situations because you can actually compare the PHD 
with the device you are attempting to diagnose. 

4-2 LCD (Liquid Crystal Display) 

This display consists of two (2) rows of sixteen (16) characters each. Each 
character is made up of five (5) by seven (7) dot matrix which provides 
for greater resolution than many LCD's and also allows the use of the full 
range of standard typewritten characters, which makes it easy to read and 
understand. Several of the other digit analyzers on the market use a seven 
(7) segment display which is basically limited to the characters 1 through 
0. As an example of the disadvantages of this type display, consider that 
the DTMF character "#" must be displayed as a "C". By contrast, the PHD 
displays all DTMF characters exactly as they appear on the telephone keypad. 
In fact, the LCD used in the PPJ is so versatile that it contains five 
(5) custom characters that were created specifically for the unit. These 
will be described in detail in a later paragraph in this same section. 

There are, however, several things that make LCD's in general, less than 
perfect for portable devices. First, they tend to be difficult to read 
in very bright light, such as sunlight, or in very dim light. Even in 
correct lighting, the angle of the light to the display may cause a glare, 
while the angle of the display to you may cause it to appear rather dark. 
Although there is no total cure for this problem, the PHD employs some 
new technology in photochemically treated plastics in the display cover 
xindow, which helps a great deal. However, the contrast can be adjusted 
by rotating the DISPLAY CONTRAST pot, located on the left side of the unit. 

The second problem involves the LCD's sensitivity to cold. If you leave 
the PHD in your car overnight and the temperature falls to between 32'~ 
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and O'F, you will find that the display will be very dark when you attempt 
to use it the next day. At this temperature range, the display should 
not be damaged but may require a few minutes in a warm room before returning 
to nornal. Should the temperature drop to below -40°F, the display may 
be permanently damaged and the unit would have to be returned to the factory 
to be repaired. The best solution to this problem is to recognize that 
the PHD is not a Butt-Set, it is a complex piece of electronic equipment 
and should be treated as such. Try not to expose the unit to extremely 
cold temperatures if at all possible. 

4-3 Off-Hook Threshold 

Before advancing to the features provided by the DIGIT DISPLAY, it is 
important that you understand how the PHD determines the line status (on 
or off-book) and also captures dial pulses by using a simple voltage 
comparison. 

Most telephone switching systems supply a talk battery within the range 
of 45-55 VDC. If loop extenders are added, this may increase to as much 
as 85 VDC, while some small town switches, as well as many PBX's, provide 
only 24 VDC. In all of these cases, the telephone instrument only needs 
5 or 6 VDC for adequate operation. The remaining voltage is dropped across 
the internal resistance of the switching system and the copper wire pair 
that connects this system to the telephone. The only important component 
of this equation is the amount of current flowing in the complete loop. 
?lost single-station telephones require at least 20mA for satisfactory 
operation. Therefore, the amount of voltage that a switch provides is mainly 
dependent upon the average distance between the switch and the telephone. 
Once this is understood, it is easy to see why most switches that are located 
in heavily populated urban areas supply the 45-55 VDC needed for loops 
of four (4) miles or less, while switches that provide service to rural 
areas may need loop extenders for loops of up to eight (8) miles, with 
small tom switches and PBX's needing only 24 VDC supplies for loops of 
!000 feet or so. 

If a vcltage meter is placed across a typical telephone pair, the voltage 
read in the on-book state will be the entire supply of the switch due to - 
the fact that the telephone is providing an open in parallel with the meter. 
When the telephone closes the loop, causing current to flow, the line is 
now considered off-book and the voltage read across the line depends entirely 
on where you are located on the loop. If the supply of a certain switch 
is 48 VDC and the meter is placed at the point where the outside plant 
wiring is connected to the switch, the reading taken could be as high as 
36-40 VDC due to the fact that the meter is in parallel with the entire 
loop external to the switch, including the telephone. On the other hand, 
if the meter is placed directly across the phone at the customer location, 
the reading could be as low as 5 VDC since only the small resistance of 
tne telephone is in parallel with the meter. 

The PHD uses exactly this technique to determine the on-hook/off-hook status 
of the line and to capture dial pulses, which are nothing more than a rapid 
pattern of on and off-hook transitions called break and make cycles. 
However, since the PHD was designed for use at the switch site as well. 
as the customer location, the voltage reference that is compared to the 
line voltage must be adjustable. This is accomplished by using a small 
screwdriver to turn the off-hook threshold potentiometer which is located 
on the back of the unit directly behind the speaker. This pot is adjustatle 
from approximately 9-45 VDC which should provide an adequate range for 
any application. Figure 6 shows the location of the highest and lowest 
reference points on the pot. The factory setting is 18 VDC which is 
sufficient for use at most customer locations, including 24 VDC supplies. 
Switch site usage may require a higher setting, but once it is set it should 
not need future adjustment. The procedure for setting this reference by 

using the display is described later in this section along with the custom 
line status character. 

Figure 6 

4-4 Display Format and Operation 
I 

As mentioned in paragraph 4-2, the LCD consists of two (2) rows of sixteen I 

(16) characters each. The first space of the top row (left) is special 
and the three (3) characters that appear in this space behave somewhat 
differently from other characters in other spaces. Figure 7 depicts these 
three characters as they appear in true dot matrix form. The first two 
(2) examples are collectively called the Line Status character with the 
first example showing the on-hook state and the second example showing 
the off-book state. As you can see, this character resembles a telephone 
with the handset moving up and d o n  to indicate line status. As mentioned 
in paragraph 4-3, this character is controlled by a comparison of the voltage 
across the line with an internal voltage reference that is set by the pot 

1 
that is located on the back of the unit. If the Line Status character 
does not display the proper status, adjust this pot as fcllows: I 
1. Line is off-hook, character is on. This means thac the voltage did 
not drop below the threshold. Turn the reference up by rotating the pot 1 
to the right (clockwise). h'hen the character changes states, rotate the 
pot another 20' or so to make sure the reference is solid. This problem 
would most likely occur at a switch site. 

i 

2. Line is on-book, character is off. This means that the voltage did 
not pass above the threshold. Turn the reference doim by rctating the 
pot to the left (counter-clockwise). h'hen the character changes states, 
rotate the pot another 20' or so, to make sure che reference is solid. This 
problem would most likely occur when a unit that has been used ac a switch 
site is used at a customer location, or when a unit that has Seen set to 
30 VDC for a 48 VDC supply eccounters a 24 VDC supply. 

Figure 7 
I 

Referring t d ~ i ~ u r e  7, the third character is called Zero Volt and is present 
in the first space when zero volts of potential exists across the test 
leads. This will occur when the test leads are not connected to anything, 
or on idle ground start trunks. This character may also be displayed at 
other places in a call record, as will be discussed in paragraph 4-6. 

I 

The unique thing about the first space of the tcp row, in addition to the 
previously discussed fact that only three characters are ever displayed 
there, is that those three characters will erase and replace each other 
in the same space. This behavior will not occur at any other space on 
the display, since the purpose of the remainder of the spaces is to capture 
and retain data about each event that occured during the progression of 
a call. 1 



and O'F, you will find that the display will be very dark when you attempt 
to use it the next day. At this temperature range, the display should 
not be damaged but may require a few minutes in a warm room before returning 
to normal. Should the temperature drop to below -40°~, the display may 
be permanently damaged and the unit would have to be returned to the factory 
to be repaired. The best solution to this problem is to recognize that 
the PHD is not a Butt-Set, it is a complex piece of electronic equipment 
and should be treated as such. Try not to expose the unit to extremely 
cold temperatures if at all possible. 

4-3 Off-Hook Threshold 

Before advancing to the features provided by the DIGIT DISPLAY, it is 
important that you understand how the PHD determines the line status (on 
or off-hook) and also captures dial pulses by using a simple voltage 
comparison. 

Yost telephone switching systems supply a talk battery within the range 
of 45-55 VDC. If loop extenders are added, this may increase to as much 
as 85 VDC, while some small town switches, as well as many PBX's, provide 
only 24 VDC. In all of these cases, the telephone instrument only needs 
5 or 6 i7DC for adequate operation. The remaining voltage is dropped across 
the internal resistance of the switching system and the copper wire pair 
that connects this system to the telephone. The only important component 
of this equation is the amount of current flowing in the complete loop. 
Yost single-station telephones require at least 20mA for satisfactory 
operation. Therefore, the amount of voltage that a switch provides is mainly 
dependent upon the average distance between the switch and the telephone. 
Once this is understood, it is easy to see why most switches that are located 
in heavily populated urban areas supply the 45-55 VDC needed for loops 
of four ( 4 )  miles or less, while switches that provide service to rural 
ereas may need loop extenders for loops of up to eight (8) miles, with 
small town switches and PBX's needing only 24 VDC supplies for loops of 
1000 feet or so. 

If a voltage meter is placed across a typical telephone pair, the voltage 
read in the on-hook state will be the entire supply of the switch due to - 
the fact that the telephone is providing an open in parallel with the meter. 
When the telephone closes the loop, causing current to flow, the line is 
now considered off-hook and the voltage read across the line depends entirely 
on where you are located on the loop. If the supply of a certain switch 
is 48 VDC and the meter is placed at the point where the outside plant 
wiring is connected to the switch, the reading taken could be as high as 
36-40 BDC due to the fact that the meter is in parallel with the enfire 
loop external to the switch, including the telephone. On the other hand, 
if the meter is placed directly across the phone at the customer location, 
the reading could be as low as 5 VDC since only the small resistance of 
tne telephone is in parallel with the meter. 

The PHD uses exactly this technique to determine che on-hook/off-hook status 
of the line and to capture dial pulses, which are nothing more than a rapid 
pattern of on and off-hook transitions called break and make cycles. 
However, since the PHD was designed for use at the sbvitch site as 
as the customer location, the voltage reference that is compared to che 
line voltage must be adjustable. This is accomplished by using a small 
screwdriver to turn the off-hook threshold potentiometer which is located 
on the back of the unit directly behind the speaker. This pot is adjustable 
from approximately 9-45 VDC which should provide an adequate range for 
any application. Figure 6 shows the location of the highest and lowest 
reference points on the pot. The factory setting is 18 VDC which is 
sufficient for use at most customer locations, including 24 VDC supplies. 
Switch site usage may require a higher setting, but once it is set it should 
not need future adjustment. The procedure for setting this reference by 

using the display is described later in this section along with the custom 
line status character. 

Figure 6 

4-4 Display Format and Operation 

) As mentioned in paragraph 4-2, the LCD consists of two (2) rows of sixteen 
(16) characters each. The first space of the top row (left) is special 
and the three (3) characters that appear in this space behave somewhat 
differently from other characters in other spaces. Figure 7 depicts these 
three characters as they appear in true dot matrix form. The first two 
(2) examples are collectively called the Line Status character with the 
first example showing the on-hook state and the second example showing 
the off-hook state. As you can see, this chsracter resembles a telephone 
with the handset moving up and down to indicate line status. As mentioned 
in paragraph 4-3, this character is controlled by a comparison of the voltage 
across the line with an internal voltage reference that is set by the pot 
that is located on the back of the unit. If the Line Status character 
does not display the proper status, adjust this pot as fcllows: 

1. Line is off-hook, character is on. This means that the voltage did 
not drop below the threshold. Turn the reference up by rotating the pot 
to the right (clockwise). h%en the character changes states, rotate the 
pot another 20° or so to make sure the reference is solid. This problem 
would most likely occur at a switch site. 

2. Line is on-hook, character is off. This means that the voltage did 
not pass above the threshold. Turn the reference d o m  by rotating the 
pot to the left (counter-clockwise). h%en the character changes states, 
rotate the pot another 20" or so, to make sure the reference is solid. This 
problem would most likely occur when a unit tnat has been used at a switch 
site is used at a customer location, or when a unit that has been set to 
30 VDC for a 48 VDC supply encounters a 24 VDC supply. 

Figure 7 
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Referring td Figure 7, the third character is called Zero Volt and is present 
in the first space when zero volts of potential exists across the test 
leads. This will occur when the test leads are not connected to anything, 
or on idle ground start trunks. This character may also be displayed at 
other places in a call record, as will be discussed in paragraph 4-6. 

The unique thing about the first space of the tcp row, in addition to the 
previously discussed fact that only three cheracters are ever displayed 
there, is that those three characters will erzse and replace each other 
in the same space. This behavior will not occur at any other space on 
the display, since the purpose of the remainder of the spaces is to capture 
nnd retain data about each event rhat occured during the progression of 
a call. 



The operation of this display is very much like a typewriter, with each 
event character filling the next space to the right. The display cursor 
(a small line under the character) is left under the last character that 
was displayed, until the next event creates the next character. This 
continues until all thirty-one (31) spaces are full, at which point the 
display software will cease the accummulation of data and will not "wrap 
around" or "write over" previously displayed data. 

There is one last item that should be mentioned concerning the operation 
of the display. As you begin to familiarize yourself with the DIGIT DISPLAY, 
you will notice that each event character is not written to the display 
until it has finished. This is due to the collection of timing data that 
will be explained in the next paragraph. 

4-5 Event Parameters 

Using the example once again of the event characters being written to the 
display as if they were being typed on a typewriter, imagine that the display 
software could keep track of the amount of time that each key was held 
down and the amount of time that elapsed from the point where the last 
key was released until the next key was pressed. This is exactly what 
the display software captures for the first fifteen (15) event characters 
that fill the top row of the LCD. The bottom row is used to display these 
parameters in three different formats, depending on the type of character 
that the cursor is sitting under. By using the SCAN key (see paragraph 
4-7), you can view the parameters for each top row character on a 
space-by-space basis. 

Figure 8 

Figure 8 shows a completed call record that consists of fourteen (14) event 
characters which follow the off-hook status indication and fill spaces 
2 through 15 of the top row of the LCD. If you will notice, the cursor 
is under the character 6, This means that the information associated with 
this character is currently displayed on the bottomm row of the LCD. In 
the case of the 6 ,  the format of the bottom row indicates that this character 
was transmitted in rotary dial pulse. Had this 6 been transmitted in DTMF, 
the format of the bottom row would be much different in appearance, as 
the next example (Figure 9) will demonstrate. 

The information that is czptured for rotary dial pulse is: % of break. 
which is the % of the time the line was broken during one complete break/make 
cycle, the pulses-per-secoo?, which is the number of comp1et.e pulse cycles 
that can be transmitted in one second, and the interdigit time, which is 
the time that elapsed from the end of the break period of the sixth pulse 
of the 6, to the beginning of the break period of the next rotary dial 
pulse character, or the beginning of an entirely new event character. The 
range of the interdigit ticer is .001 to 9.9 seconds. In the above example, 
this time is displayed as .700, which equals 700/1000ths of a second, or 
700 milliseconds. Note: The interdigit time is the only parameter that 
is displayed for a rotary dial pulse 1, since % break and PPS cannot be 
calculated for a single break. 

Figure 5 

The DIGIT DISPLAY is totally compatible with the T/M switch in either 
position. In the U mode, the LCD will display line status, dialed digits 
and several other parameters that are created by the activity of the device 
that terminates the line (PBX, KSU or single-station phone). In the T 
mode, the same information will be displayed but it is created by the 
Butt-Set features of the PHD itself. This is because the microprocessor 
that runs the LCD is completely ignorant to the fact that it is in the 
same physical package with a telephone instrument and treats this circuit 
the same as any other device that seizes the line and dials. 

The main point of this discussion is to make you aware of the fact that 
the PHD actually tests itself when placed in the T mode. This can be very 
helpful in certain situations because you can actually compare the PHD 
with the device you are attempting to diagnose. 

4-2 LCD (Liquid Crystal Display) 

This display consists of two ( 2 )  rows of sixteen (16) characters each. Each 
character is made up of five (5) by seven (7) dot matrix which provides 
for greater resolution than many LCD's and also allovs the use of the full 
range of standard typewritten characters, which makes it easy to read and 
understand. Several of the other digit analyzers on the market use a seven 
(7) segment display which is basically limited to the characters 1 through 
0. As an examp-le of the disadvantages of this type display, consider that 
the DTMF character "II" must be displayed as a "C". By contrast, the PHD 
displays all DTMF characters exactly as they appear on the telephone keypad. 
In fact, the LCD used in the PHD is so versatile that it contains five 
(5) custom characters that were created specifically for the unit. These 
will be described in detail in a later paragraph in this same section. 

There are, however, several things that make LCD's in general, less than 
perfect for portable devices. First, they tend to be difficult to read 
in very bright light, such as sunlight, or in very dim light. Even in 
correct lighting, the angle of the light to the display may cause a glare, 
while the angle of the display to you may cause it to appear rather dark. 
Although there is no total cure for this probleffi, the PHD employs some 
new technology in photochemically treated plastics in the display cover 
window, which helps a great deal. However, the contrast can be adjusted 
by rotating the DISPLAY CONTRAST pot, located on the left side of the unit. 

The second problem involves the LCD's sensitivity to cold. If you leave 
the PHD in your car overnight and the temperature falls to between 32'~ 



Figure 9 Although circuits associated with this feature have been designed to provide 
the best possible operation in most situations, you may experience either 
"cutting in and out" or "excessive delay." ~ 

I I "Cutting in and out" is generally caused by low voice and/or high noise 
on the telephone line where very little difference is detected in level 
between talking and listening. If this occurs, try calling back in hopes 

1 of finding a cleaner circuit; 
I 

"Excessive delay" is generally caused by consistant, but not necessarily 
loud, background noise in the immediate vicinity of the PM). If this occurs, 
try turning off any noise-producing devices such as radios, copiers or 
typewriters, if possible. 

I Even if you do not experience either of the above problems, speakerphone 
performance is always improved by following several basic rules: 

, 1. Make sure you have the best possible telephone connection. 
I 

2. Try to eliminate all or as much background noise as possible from the 
environment around the PHD. 

3 .  When speaking, face the microphone and speak firmly; 

4. When listening, be as quiet as possible. 

5. Do not try to talk over the other person. Wait quietly until there 
is a break in their conversation and you hear the speaker volume go down 
before beginning to speak. 

If you find that you cannot use the R O W H O  feature at a particular location. 
simply move the ROPII/HO back to BORM and use the PHD as a hand-held Butt-Set. 

( 3-7 T (talk) Dialing Mode Selection 

Figure 4 shows the location of the TORX/PULSE switch which is used to select 
the type of dialing provided by the PHD. When placed in the lOAE position, 

1 the PHD will dial in DTW. All sixteen (16) keys on the keypad are active 
in this mode, with the character set consisting of the twelve (12) standard 
telephone characters of 1 through 0, *, and # plus the four characters 

I 
on the right hand side which are labeled as A,B,C and D (typically called 
4th column or military tones.) 

I When placed in the PULSE position, the PHD will generate precise dial pulses 
at a rate of twelve (12) pulses per second, with a break cycle of 602. 
Only ten (10) keys are active in this mode, with the available character 
set consisting of the standard rotary dial telephone numerals of 1 through 

8 0 

4-1 General 

i 
Figure 5 shows the location of the DIGIT DISPLAY/DWII switch in the middle 
of the five (5) switches that are mounted in the front panel of the hand 
grip portion of the PHD. This switch serves two purposes: it acts as 
a hardware flag that tells the microprocessor to look at the DIGIT DISPIAY 

, or the DPQl circuitry and it disconnects the d portion of the V / d  switch 
to provide extra protection against accidental use. Since this switch 

1 does not disconnect the DIGIT DISPLAY or DPQl-V circuits when it is in the 
opposite position,these circuits exist in parallel, but still present a 
very high DC resistance and AC impedance to the line. (See Section 6). 

Figure 9 shows the same call record as Figure 8 but the cursor is now under 
the 7. Once again, the format of the bottom row indicates what method 
was used to transmit the character, vhich in the case of the 7, was DTMF. 

The information that is captured for DTMF is: on/off time, which is the 
amount of the time that the tone mas present on the line, followed by the 
elapsed time from the end of this tone to the beginning of the next DTHP 
tone or the beginning of an entirely new event, and the dB level of the 
tone. The range of the on/off timer is .001 to 9.9 seconds. In the above 
example, both the on and the off times are displayed as .060, which equals 
60/1000ths of a second, or 60 milliseconds. The range of the dB function 
is -24 to OdB (relative) and is read exactly as displayed. 

Figure 10 

Figure 10, once again, shows the slrme call record as Figures 8 and 9 but 
the cursor is now under one of the PHD's custom characters, knovn as the 
Zero Volt Interval. Since this character is not a tone, no dB level is 
displayed. Therefore, the only information that can be captured is: on/off 
time, which is the amount of time that the Zero Volt Interval was present. 
followed by the elapsed time between the end of the event and the beginning 
of the next. The range of this timer is .001 to 9.9 seconds. In the above 
example, the event is displayed as lasting .loo, which equals 100/1000ths 
of a second, or 100 milliseconds, vbile the off time is displayed as 4.9 
and is read as 4.9 seconds. 

Although many different terms have been used in this section, all of which 
mean different things depending on the context in which they are used, 
it is interesting to note that, from an electrical standpoint, the terms 
"make cycle", "interdigit time"," DTMF off-time" and custom character 
"off-time" are all identical in function and simply mean that there is 
a stable DC voltage dropped across the test leads of ,the PHD that is below 
the off-hook threshold and has no appreciable AC component. 

4-6 Custom Characters 

As previously mentioned, any character that has a numerical value of 1-0 
is a dialed digit that was transmitted in either rotary dial pulse or DTMF. 
The difference can be determined by the format of the bottom row parameter 
display. In addition, the DTKF characters *, #, A,B,C and D are displayed 
exactly as they appear on the keypad. The other five (5) characters that 
may appear on the display are custom characters that were created especially 
for the PM). Each of these characters is created by a specific event that 
occurs during typical telephone line usage. The definition of each character 
and the associated event that creates it is as follows: 



PQQOn T h i s  is c a l l e d  t h e  LINE-STATUS-ON-BOOK. T h i s  o c c u r s  whenever 
t h e  l i n e  v o l t a g e  r i s e s  above  t h e  OFF-BOOK t h r e s h o l d  f o r  a t  l e a s t  

~ ~ Q D ~  150  m i l l i s e c o n d s  and w i l l  c o n t i n u e  t o  be  d i s p l e y e d  u n t i l  r e p l a c e d  
m'aQa w i t h  one o f  t h e  n e x t  two c h a r a c t e r s .  T h i s  c h a r a c t e r  w i l l  o n l y  

b e  d i s p l a y e d  i n  t h e  f i r s t  s p a c e  o f  t h e  t o p  row. 

DQQBQ T h i s  i s  c a l l e d  t h e  LINE-STATUS-OFF-BOOK. T h i s  o c c u r s  whenever  
t h e  l i n e  v o l t a g e  f a l l s  below t h e  OFF-ROOK t h r e s h o l d  f o r  a t  l e a s t  

0 0 100  m i l l i s e c o n d s  and w i l l  c o n t i n u e  t o  be  d i s p l a y e d  u n t i l  r e p l a c e d  
Oaa by e i t h e r  t h e  ON-BOOK v e r s i o n  o f  t h i s  c h a r a c a t e r  ( above )  o r  t h e  

ZERO VOLT 1,RVAL ( n e x t ) .  T h i s  c h a r a c t e r  w i l l  o n l y  be  d i s p l a y e d  
i n  t h e  f i r s t  s p a c e  o f  t h e  t o p  row. 

ODB T h i s  i s  c a l l e d  t h e  ZERO VOLT INTERVAL. T h i s  o c c u r s  whenever  
t h e r e  i s  l e s s  t h a n  3  v o l t s  o f  p o t e n t i a l  a c r o s s  t h e  l i n e  f o r  a t  
l e a s t  5 0  m i l l i s e c o n d s .  T h i s  c h a r a c t e r  may b e  p r e s e n t  i n  t h e  Q: go f i r s t  s p a c e  o f  t h e  t o p  row i f  t h e  d i s p l a y  h a s  been  c l e a r e d  (See  
4 - 7 1  and t h e  t e s t  l e a d s  a r e  n o t  c o n n e c t e d  t o  a n y t h i n g  o r  a r e  
c o n n e c t e d  t o  an  i d l e  g round  s t a r t  t r u n k .  T h i s  c h a r a c t e r  may 
a l s o  b e  p r e s e n t  a t  any o t h e r  s p a c e  on t h e  d i s p l a y  which w i l l  
i n d i c a t e  t h a t  t h e  t e l e p h o n e  s w i t c h  b a t t e r y  h e s  been  removed from 
t h e  l i n e .  T h i s  o c c u r s  r e g u l a r l y  on mos t  s w i t c h e s  j u s t  b e f o r e  
d i a l  t o n e  i s  g e n e r a t e d  o r  a s  t h e  c a l l  is  s w i t c h e d  a f t e r  comple t ion  
o f  d i a l i n g .  T h i s  i s  n o t  t h e  same a s  t h e  b r e a k  c y c l e  o f  a  r o t a r y  
d i a l  p u l s e  which o c c u r s  when t h e  l i n e  v o l t a g e  r i s e s  above  t h e  
OFT-BOOK t h r e s h o l d ,  a l t h o u g h  n o  c u r r e n t  w i l l  f l o w  d u r i n g  e i t h e r  
e v e n t .  The bo t tom row p a r a m e t e r  f o r  t h i s  e v e n t  i s  shown9in F i g u r e  
1 0 ,  w i t h  t h e  on - t ime  i n d i c a t i n g  t h e  l e n g t h  o f  t h e  e v e n t  ( u s u a l l y  
50-150 m i l l i s e c o n d s ) .  

T h i s  i s  c a l l e d  t h e  LONG PULSE INTERVAL. The c r i t e r i a  f o r  t h i s  
e v e n t  i s  t h e  same a s  t h e  LINE STATUS ON-BOOK ( a b o v e )  b u t  i t  i s  
d i s p l a y e d  i n  t h e  c a l l  r e c o r d  a t  t h e  p o i n t  where  i t  o c c u r r e d .  
T h i s  c h a r a c t e r  i s  u s u a l l y  c r e a t e d  by a  h o o k - f l e s h  o r  a  l e g i t i m a t e  
ON-BOOK which msy l a s t  any  l e n g t h  o f  t i m e .  I n  t h i s  s econd  c a s e ,  
you w i l l  o n l y  s e e  t h i s  c h a r a c t e r  i f  you do  n o t  c l e a r  ( s e e  p a r a g r z p h  - 
4 - 7 )  t h e  d i s p l a y  b e f o r e  a  new OFF-BOOK o c c u r s , d u e  t o  t h e  f a c t  
t h a t  c h a r a c t e r s  a r e  n o t  d i s p l a y e d  u n t i l  a n  e v e n t  e n d s .  The bo t tom 
row p a r a m e t e r  f o r  t h i s  e v e n t  i s  shown i n  F i g u r e  1 0 ,  w i t h  t h e  
on - t ime  i n d i c a t i n g  t h e  l e n g t h .  o f  t h e  e v e n t .  F r e q u e n t l y  t h i s  
t i m e  w i l l  b e  shown w i t h  an  up-arrow i n  f r o n t  o f  9.9 s e c o n d s ,  
s i n c e  t h i s  i s  t h e  l i m i t  f o r  t h i s  t i m e r .  

0 T h i s  i s  c a l l e d  t h e  IN BAND TONE INDICATOR. The c r i t e r i a  f o r  
t h i s  e v e n t  i s  t h e  p r e s e n c e  o f  any non-DTMF t o n e  on t h e  l i n e  f o r  
a t  l e a s t  5 0 0  m i l l i s e c o n d s ,  t h a t  is  between 300-3000 HZ and h a s  
a  l e v e l  o f  a t  l e a s t  -24dB which does  n o t  f l u c t u a t e  more t h a n  
3dB. T h i s  c h a r z c t e r  i s  u s u a l l y  c r e a t e d  b y  d i a l  t o n e  o r  r i n g  
back.  I n  t h i s  second c a s e ,  t h e  s o f t w a r e  w i l l  n o t  a l l o w  c o n s e c u t i v e  
c h a r a c t e r s  o f  t h i s  t y p e  t o  be  d i s p l a y e d  n e x t  t o  e a c h  o t h e r .  
I n s t e a d ,  a  s i n g l e  c h a r a c t e r  w i l l  be shown b u t  a s  soon a s  t h e  
f i r s t  t o n e  h a s  ended ,  t h e  o n - o f f  t ime  o f  t h e  b o t t o m  row p a r a m e t e r  
w i l l  b e g i n  t o  t o g g l e  b a c k - a n d - f o r t h  w i t h  e a c h  new r i n g .  T h i s  
f e a t u r e  k e e p s  t h e  d i s p l a y  from b e i n g  f i l l e d  w i t h  r i n g - b a c k  s i g n a l s .  
The f o r m a t  f o r  t h e  bo t tom row p a r a m e t e r  i s  t h e  same a s  f o r  DMF,  
a s  shown i n  F i g u r e  8, w i t h  t h e  on -o f f  t i m e  i n d i c a t e d  f o r  t h e  
l a s t  c y c l e  o n l y .  

3-4 T  ( t a l k )  - G e n e r a l  

F i g u r e  4  shows t h e  c o r r e c t  p o s i t i o n  o f  t h e  T/H ( t a l k / m o n i t o r )  s w i t c h  w i t h  
t h e  PHD p l a c e d  i n  t h e  T  mode. T h i s  s w i t c h  s e t t i n g  =ill p l a c e  t h e  v o i c e  
h y b r i d  n e t w o r k ,  t o n e  d i a l e r  and p u l s e  d i a l e r  a c r o s s  t h e  t e l e h o n e  l i n e  t o  
a l l o w  outbound c a l l i n g .  C o l l e c t i v e l y ,  t h e s e  c i r c u i t s  e x h i b i t  a  low DC 
r e s i s t a n c e  ( S e e  S e c t i o n  61, which w i l l  a l l o w  a d e q u a t e  c u r r e n t  t o  f l o w  i n  
t h e  l o o p  t o  t r i p  t h e  o f f -hook  i n d i c a t o r  and d i a l  t o n e  g e n e r a t o r  i n  t h e  
t e l e p h o n e  s w i t c h .  As p r e v i o u s l y  d e s c r i b e d  i n  p a r a g r a p h  2-3,  t h e  T  mode 
s h o u l d  n e v e r  b e  s e l e c t e d  when t h e  PHD i s  connected t o  any  v o l t a g e  s o u r c e  
o t h e r  t h a n  a  t e l e p h o n e  l i n e .  when u s i n g  t h e  PHIl a s  a  D m  t o  r e a d  t h e  v o l t a g e  
o f  any n o n - t e l e p h o n e  l i n e  s o u r c e  (See S e c t i o n  5 ) ,  b e  s u r e  t o  check t h e  
T/U s w i t c h  t o  s e e  t h a t  i t  i s  i n  t h e  H p o s i t i o n  b e f o r e  c o n n e c t i n g  t h e  t e s t  
l e a d s .  T h i s  -.-.zrning a p p l i e s  even  i f  t h e  ON/OFP volume c o n t r o l  i s  OFF. 
F a i l u r e  t o  check  t h i s  s w i t c h  when u s i n g  t h e  PHD i n  t h i s  manner c o u l d  r e s u l t  
i n  a  blown f u s e  o r  a  damaged u n i t .  

F i g u r e  4  

T h i s  mode i s  s e l e c t e d  by p l a c i n g  t h e  NOW (norma l ) /BP  ( h a n d s - f r e e )  s w i t c h  
i n  t h e  NORM p o s i t i o n .  T h i s  w i l l  f i x  t h e  vplume o f  t h e  s p e a k e r  a t  a  l e v e l  
wh ich  w i l l  a l l o w  t h e  PHD t o  b e  u s e d  i n  a  s i m i l a r  manner  as o t h e r  B u t t - S e t s ,  
w i t h  t h e  s p e a k e r   laced t o  t h e  e a r .  T h i s  node  i s  b e s t  u sed  f o r  q u i e t  
c o n v e r s a t i o n  where  you do n o t  L7L.snt o t h e r s  t o  h e a r  t h e  c a l l e d  p a r t y .  

3-6 T  ( t s l k ) / H F  ( h a n d s - f r e e )  Xode 

T h i s  mode i s  s e l e c t e d  by p l a c i n g  t h e  NORM (norma1)lB.P ( h a n d s - f r e e )  s w i t c h  
i n  t h e  EF p o s i t i o n .  T h i s  changes  t h e  PHD from t y p i c a l  B u t t - S e t  u s a g e  i n t o  
a  f u l l - f e a t u r e d ,  h ~ n d s - f r e e  s p e a k e r p h o n e .  The s p e a k e r  volume may be a d j u s t e d  

by u s i n g  t h e  ON-OFF/VOLUHE c o n t r o l ,  w h i l e  t h e  mic rophone  l e v e l  i s  c o n t r o l l e d  
by i n t e r n a l  c i r c u i t r y  f o r  t h e  b e s t  o v e r a l l  performance.  

As w i t h  a l l  s p e a k e r p h o n e s ,  you w i l l  n o t i c e  a  s l i g h t  d e l a y  a f t e r  you s t o p  
t a l k i n g  b e f o r e  you h e a r  :he s p e a k e r  volume r e t u r n  t o  t h e  a d j u s t e d  r e c e i v e  
l e v e l .  T h i s  i s  d u e  t o  t h e  f a c t  t h a t  t h e  s p e a k e r  and t h e  microphone c a n n o t  
b e  c o n n e c t e d  t o  t h e  l i n e  a t  t h e  same t ime  b e c a u s e  t h e y  would f e e d  back  
c o n t i n u o u s l y .  To overcome t h i s  p rob lem,  a l l  s p e a k e r p h o n e s  have  a  c i r c u i t  
t h a t  s w i t c h e s  t h e s e  components i n  and  o u t  based on a  d e t e r m i n a t i o n  o f  which 
p a r t y  i s  s p e z k i n g  and which p a r t y  i s  l i s t e n i n g .  T h i s  d e t e r m i n a t i o n  is  
made by compzr ing  t h e  l e v e l  o f  sound o c c u r i n g  on t h e  t e l e p h o n e  l i n e  w i t h  
t h a t  o f  t h e  m i c r o p h s n e .  The s l i g h t  d e l a y  t h a t  i s  h e a r d  i s  due t o  a  t i m e o u t  
c i r c u i t  t h a t  d e c i d e s  when t o  make t h e  t r a n s i t i o n  f rom o n e  mode t o  t h e  o t h e r .  



SECTION 3 - BUTT-SET FEATURES 
4-7 CLEAR m 

3-1 H (monitor) Mode - General 
Figure 3 shovs the location of the T/H (talk/monitor) svitch on the right 
hand side of the unit. When this svitch is placed in the H position, the 
PHD represents a high DC resistance and AC impedance to the telephone line 
(See Section 6). This is desirable for monitoring line status and audio 
accivity without significantly influencing either. Hovever, this is only , 

true if the V / d  svitch is in the V position. In the mA position, this 
svitch vill place a 1 ohm resistor in parallel vith the monitor circuit, 
effectively shorting it and the telephone line at the same time (See Section 
5 ) .  

Figure 3 

1 3-2 H (monitor)/NOBn (nomall Mode 

This mode is selected by placing the NOBn (normal)/ BP (hands-free) svitch 
in the NOBn position. This vill fix the volume of the speaker at a level 
vhich vill allov the PHD to be used in a similar manner as other Butt-Sets, 
vith the speaker placed to the ear. This mode is best used for quiet 
monitoring where you do not want others to hear the monizored call. 

3-3 H (monitor)/BP (hands-free) mode. 

I This mode is selected by placing the NOBH (normal)/BP(hands-free) svitch 
in the EW position. This will allov the volume of the speaker to be adjusted 
by using the thumbvheel ON-OFF/VOLUIIE control located on the left side 
of the unit. The PHD can then be placed on any flat surface or propped-up 
in its carrying case to provide hands-free monitoring of the line. This 
mode is best used in siruations where you need to check something or make 
an adjustment at the opposite end of the telephone room while continuing 
to monitor che line, or vhen more than one person needs to listen to line 

I activity. 

1 One word of caution: The volume of the PHD in this mode may surprise 
you. To keep from accidentally broadcasting a monitored call beyond your 
inrmediate area, it is a good idea to turn the volume all the vay d o n  before 

1 selecting the HP mode. 

This key has several uses that have already been described in Section 2. 
Hovever, the primary function of this key is to clear the display of all 
data that vas captured for the last call record. Simply press this key 
once and the display will be erased except for the first space of the top 
rov vhich alvays indicates the current line status. 

4 - 8  SCAN KEY 

Until nov, the DIGIT DISPIAY has been discussed in terms of "real time." 
While it is true that this feature operates vith only a slight delay that 
is caused by the need to wait for timing data, many events simply occur 
too fast to allov the bottom row parameters to be adequately reviewed. 
By using the SCAR key, you can reviev previously stored data during the 
progress of a call or after completion. 

As previously described, the cursor rests under the last character that 
is displayed, vith the bottom rov of the LCD indicating the parameters 
for this character. The SCAN key moves the cursor one space each time 
it is depressed, moving left to right. Upon reaching the last space of 
the top rov, it vill move to the first space of the bottom rov and then 
return to the second space of the top rov, at vhich time the parameters 
for that character vill re-appear on the bottom rov. If the display is 
not completely full, the cursor vill skip all empty spaces for a faster 
return. If you use the SCAN key while a call is still in progress, you 
will notice that nev characters are written to the display in proper 
sequence, but the cursor vill remain vhere you placed it, vith the parameters 
for that character displayed on the bottom rov of the LCD. The parameters 
associated vith these nev characters that are displayed during the SCAR 
process have not been lost but have been placed in memory. To view these 
parameters, simply move the cursor under each character and they vill appear 
on the bottom row. 

As you may have noticed, the complete cursor cycle around the LCD seemed 
to stop on the first space of the bottom rov vithout reason. If you vill 
recall, this complete cycle is only required if the display is "completely 
full." Up until now, we have discussed this top rov as displaying event 
characters and the bottom rov as displaying event parameters only. While 
this is true for the first fifteen (15) characters (full top rov), the 
bottom rov serves a second purpose should a sixteenth (16th) character 
be created. If this occurs, the bottom rov vill begin to display event 
characters until full (16 characters). However, no event parameters are 
captured for these bottom rov characters. This is vhy the cursor only 
stops at the first space of the bottom row. Since these characters have 
no parameters associated vith them, there is no need for the cursor to 
move under each one. Instead, it simply stops at the first space and 
displays the entire rov of characters before returning to the second space 
of the top rov. 

4 - 9  dB BAR GRAPE 

Figure 11 shovs the correct front panel svitch positions required to select 
this feature. As you vill notice, the AC/DC and V / d  svitches appear to 
be set to AC and d. These switches actually serve a dual purpose and 
select dB BAR GRAPE vhen the DIGIT DISPLAY/DMI svitch is set to DIGIT 
DISPLAY. Be sure that this svitch is set properly to avoid placing the 
1 ohm mA measuring circuit across the line, vhich would occur if this svitch 
is accidentally set to DMI. 



Figure 11 
2-3 Switch Interaction 

This display feature is produced by the same circuit that produces the 
bottom row event parameter of dB for tones. This display is completely 
interactive with the DIGIT DISPLAY and may be viewed while new characters 
are captured and retained in memory for review with the SCAN feature after 
returning to DIGIT DISPLAY from dB BAR GRAPE. 

The purpose of this feature is to provide a "real time" visual indication 
of tone level activity. Figure 11 shows the display format for this 
feature,which has a large bar that moves from left to right as the signal 
level increases. The scale for this meter is calibrated in 3dB steps with 
the -27, -21, -15, -9 and -3 steps displayed. The blocks between these 
steps do not have their value displayed on the scale due to lack of room, 
but are -24, -18. -12 and -6. In addition, any reading of OdB or greater - 
is indicated by a right-hand arrow, while tones less than -27dB cannot 
be detected and are indicated by a left-hand arrow. 

The circuit that determines these levels is generally called dB (relative). 
However, if the device that terminates the telephone line has an AC impedance 
of 600 ohms at the appropriate test tone frequency, then the meter can 
be read as dBm. The PHD Butt-Set feature (T) was not designed to present 
a precist 600 ohm AC impedance for this purpose. However, an optional 
600 ohm (resistive) plug is available to provide this feature. This plug 
is designed to fit into any of the quick-connect PHD cord sets (See Section 
6). 
SECTION 5- D m  FEATURES 

5-1 General 

Figure 12 shows the location of the three (3) front panel switches associated 
with the D m  features of the PHD. As indicated, the DIGIT DISPIAY/DtQI 
switch must be set to D m ,  while the AC/DC and V / d  switch may be set in 
various combinations to select the desired function. As stated in Sections 
2 and 3, extreme caution must be exercised before using this .function. 
This is particularly true if you are dealing with a voltage source other 
than a telephone line. In this case, you should definitely make sure that 
the ?/If switch is firmly set to W. 

Before attempting to connect the test leads of the PHD to any voltage source, 
you should thoroughly understand the internal circuitry of the unit as 
controlled by the white front panel switches and the black right-side mounted I 

switch. 
I 

Figure 2 is a block diagram that represents the three main connections 
that are made through the PHD between its test leads. Since the PHD was 
designed to be used as a telephone line test device, the DC resistance 
of each connection was carefully calculated to provide adequate sensitivity 
while insuring that the total loop resistance of the line is not affected 
by the presence of the PHD. While this is true for the Digit Display 
and Dnn-Volts circuits, which present a very high resistance across the 
line, the D m - m A  and the telephone netvork behave in the opposite manner 
since they present a very low resistance across the line. Both of these 
circuits will allow enough current to flow through the PHD to blow the 
fuse if connected to a voltage source without adequate series resistance. 
Since all telephone lines have built-in resistance that effectively limits 
current flow, you should never have to replace the fuse in the PHD if its 
use is limited to this area. 

While you may use the PHD to measure non-telephone line voltages ond 
currents, you should do so only after reading the remainder of this manual. 
You should also have a good general understanding of Ohm's Law as it relates 
to series and parallel resistances. 

Regardless of the application, it is a good idea to leave all five (5) of 
I 

the front panel switches and the single right-side switch in the "up" 
position (toward the display) between feature selection. By restoring 
the switches to this position at every opportunity, you will become 
accustomed to this appearance as the "normal" mode for each switch and 
vill be less likely to leave any switch in a position that could blow the 
fuse when the unit is connected to a different source. In addition to 
being a good safety precaution, you should find that the "up" position 
for each switch will provide the feature selection that is used the majority 
of the time. 

2-4 Checking the Fuse 1 
The PHD was designed in such a way that only those portions of the device 
that might be harmed by high currents are fused. This means that the PHD 
will still be a useful tool should you accidentally blow the fuse without 1 
a replacement handy. Specifically, the Digit Display and the audio monitor, 
including both NORMAL and HP modes, will continue to work properly (See 
Sections 4 and 3). The Dnn displays will appear in their proper format 
when selected but vill exhibit no reading (with the exception of DC-VOLTS 
which may read 1.5 or less due to the fact that some circuitry is shared 
with the Digit Display).(See Section 5). The most obvious symptom of a 
blown fuse, however, is the loss of the Butt-Set features including the 
ability to seize the line or dial in either Tone or Pulse. (See Section 
3). Should your PHD exhibit any of these symptoms, replace the fuse as 
previously described in Paragraph 1-4. 

2-5 Test Leads 

The PHD is equipped with a pair of industry standard Butt-Set type test 
leads that terminate in 66 block clips. As is typical of most other sets, 
the red lead is the ring side of the line (easily remembered by saying 
("red is ring") and the black lead is tip or ground. 
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D i g i t  D i s p l a y  

130 K Q  

The c i r c u i t  t h a t  determines t h e  r e a d i n g s  f o r  each f u n c t i o n  was designed 
t o  be f u l l y  a u t o r a n g i n g  throughout t h e  .1 t o  199.9 range (V o r  dl. Bearing 
i n  mind t h a t  t h e  PHD is intended p r i m a r i l y  f o r  use on telephone l i n e s .  
a  s l i g h t  compromise was made i n  accuracy  t o  accommodate t h i s  au toranging  
func t ion .  The s t a t e d  accuracy of  t h i s  c i r c u i t  must be + o r  -1'1. of  t h e  
f u l l  s c a l e  i n  any mode. However, a c t u a l  t e s t i n g  t o  d a t e  i n d i c a t e s  t h a t  
t h e  average u n i t  possesses  a  g r e a t e r  degree  of accuracy  than expec ted .  

1 While we cannot g u a r a n t e e  b e t t e r  r e s u l t s  t h a n  our s t a t e d  accuracy,  we would 
sugges t  t h a t  you compare your PHD w i t h  another h i g h - q u a l i t y  meter t o  
determine what d i f f e r e n c e  e x i s t s  between t h e  two. I f  you perform t h i s  
experiment, you should  n o t i c e  t h e  g r e a t e s t  o f f s e t  a t  t-he very low range 
of  3 o r  l e s s .  You may a l s o  n o t i c e  a  smal l  o f f s e t  w i t h i n  t h e  PHD i t s e l f  
when taking o p p o s i t e  p o l a r i t y  r e a d i n g s  i n  t h i s  range,  u s i n g  t h e  same source .  
Never the less ,  we a r e  s a t i s f i e d  t h a t  t h e  accuracy of t h e  PHD i s  more t h a n  
adequate w i t h i n  t h e  range t h a t  would t y p i c a l l y  be r e q u i r e d  t o  perform t e s t i n g  
on most telephone l i n e s .  

Another s u b j e c t  t h a t  needs e x p l a n a t i o n  i s  t h e  c o l o r  coding of t h e  t e s t  
l e a d s .  A s  mentioned i n  Sec t ion  2 ,  t h e  t e s t  l eads  of  t h e  PHD a r e  color-coded 
according t o  i n d u s t r y  s tandards  ("red is  r ing") .  S ince  bo th  t h e  Butt-Set  
f e a t u r e s  and the. DMI f e a t u r e s  a r e  se rved  by the  same s e t  of t e s t  l e a d s ,  
t h e  color-coding i s  common t o  both.  S i n c e  t h e  s tandard  f o r  LMH t e s t  l e a d s  
is  t h a t  red is t h e  most p o s i t i v e ,  t h e  PHD was designed t o  comply with t h i s  
s tandard .  This  may confuse some persons  when taking a  r e a d i n g  on a  telephone 
l i n e  because t h e  r i n g  s i d e  of t h e  l i n e  should be t h e  most nega t ive  of t h e  
p a i r ,  which means t h a t  t h e  PHD w i l l  p rovide  a  nega t ive  read ing .  Actua l ly ,  
t h i s  t u r n s  ou t  t o  be c o r r e c t  s i n c e  t h e  b lack  lead of  a  LMH should always 
be connected t o  ground and t h e  t i p  s i d e  of t h e  l i n e  i s  t h e  ground f o r  t h e  
c i r c u i t .  This  means t h a t  t h e  b a t t e r y  s i d e  of t h e  l i n e ,  o r  r i n g ,  i s  a t  
a  nega t ive  v o l t a g e  w i t h  respec t  t o  ground, o r  t i p .  Therefore ,  any nega t ive  
read ing  on a  te lephone  l i n e  i s  t h e  c o r r e c t  p o l a r i t y .  

I f  you take  t h e  s u g g e s t i o n  o f f e r e d  i n  S e c t i o n  2  of l e a v i n g  t h e  f r o n t  pane l  
swi tches  i n  t h e  "up" p o s i t i o n  a s  t h e  "normal" mode, t h e n  simply moving 
t h e  DIGIT DISPLAY/DMll switch t o  DMll w i l l  se rve  a s  a  qu ick  p o l a r i t y  check 
of t h e  l i n e .  This  i s  a  g r e a t  improvement over  t h e  o l d - s t y l e  p o l a r i t y  b u t t o n  
found on most o t h e r  But t -Se ts ,  which draws s i g n i f i c a n t  c u r r e n t  from t h e  
l i n e  and c r e a t e s  a u d i b l e  "c l icks"  t h a t  can be heard by t h e  p a r t i e s  on a  
monitored l i n e .  



5-2 DC VOLTS 1-4 Replacing the Fuse 

This mode is selected by moving the V / d  switch to V and the AC/DC switch 
to DC. The LCD will display the format shown in Figure 13 and the value 
will appear with proper polarity sign (no sign for positive. - for negative). 
This mode may be used in either T or H on telephone lines due to the high 
DC resistance of this circuit. If you wish to check the voltage of something 
other than a telephone line,this circuit will not be damaged, but be sure 
that the T/M switch is in M to avoid damaging the Butt-Set circuit or blowing 
the fuse. 

Figure 13 

\ 
- .~ J 

5-3 AC VOLTS 

This mode is selected by moving the V/mA switch to V and the AC/DC switch 
to AC. The LCD will display the format shown in Figure 14 and the value 
will appear without a polarity sign (no sign necessary for AC volts). This 
mode was designed to be used on telephone lines in the U switch position 
to monitor ringing voltage. While no damage will come to the unit from 
use on a telephone line in T, it is highly unlikely that any appreciable 
reading will be found. If you wish to check the voltage of something other 
than a telephone line, this circuit will not be damaged, but the T/H switch 
must be in H to avoid damaging the Butt-Set circuit or blowing the fuse. 
However, if you use the PHD to measure high-voltage sources such as 
commercial power (110 VAC), do not use the standard 66 block test clips 
for this purpose. These clips are of typical design to provide functional 
connection to typical telephone type blocks but will not fit into AC sockets, 
nor can they be grasped far enough away from the exposed metal portion 
to avoid potentially harmful electrical shock. Optional quick-connect 
meter style test probes must be purchased if you wish to use the PHD for 
-his purpose. 

Figure 14 

This mode is selected by moving the V/mA switch to d and the AC/DC switch 
to DC. The LCD will display the format shown in Figure 15 and the value 
will appear with proper polarity sign (no sign for positive, - for negative). 
Before selecting this mode, be sure that you have a good idea of what current 
level is to be expected. Please remember that this switch setting places 
only 1 Ohm of resistance between the test leads, effectively creating a 
"dead short" condition. Also remember that the fuse size is k amp or 250 
mA and can be blown by any voltage source that supplies as little as k 
volt, provided that the current rating is high enough. 

To take a current reading on a telephone line, you must be in series with 
the circuit. The best place to do this is to remove a bridging clip from 
either side of the line and plsce one test clip on each side of the gap 
created by the removal of the clip. 

The fuse holder is located on the right side (display facing you) of the 
hand grip. 

Insert a small screwdriver or your fingernail into the slot on the fuse 
holder cover and gently push in while rotating the cover one-quarter turn 
to your left (or counter clockwise). Release the pressure and the entire 
fuse assembly will be released and can easily be removed. Remove the fuse 
from the fuse holder assembly and replace with a new 3AG k amp type. Never 
replace with a larger fuse as serious damage to the PHD may occur.) 

SECTION 2 - BASIC OPERATION 

2-1 Power-On Sequence 

Before turning the PHD on, take several minutes to acquaint yourself with 
the location of each item shown in Figure 1. Once you have done this, 
.turn the PHD on by rotating the thumbwheel OA-OPF/VOLUME control, located 
on the left side of the unit (display facing you), down or counter-clockwise. 
You should immediately hear a positive "click" from the thumbwheel control 
which indicates the ON position has been reached. You need not rotate 
this control any further at this point. As soon as power is applied to 
the unit, the sign-on messages should appear on the Liquid Crystal Display 
(LCD). There are two (2) messages in all, lasting one (1) second each. 
These messages will appear as follows: 

PKD? Copyright BATTERY SUPPLY 
1985 by ZIAD, INC - IS OKAY 

If these messages are not displayed immediately, depress the CLEAR key. 
If the unit still fails to produce the sign- on messages, check the batteries 
for proper polarity and repeat the above steps again. 

2-2 Battery Lov Indication 

If the second of the two sign-on messages appears as "BATTERY SUPPLY IS 
LOW" instead of "BATTERY SUPPLY IS OKAY." as previously described, this 
ir an indication that the batteries have discharged sufficiently to trip 
a circuit within the PHD which creates the above message. This should 
occur when the battery voltage has dropped to approximately 4.75 VDC. The 
unit should continue to operate for some time after the first appearance 
of this indication. While no absolute guarantee can be given as to the 
actual time'left in the batteries, nor the accuracy of the meter functions 
in the low battery state, experience to date has shown that the majority 
of units will continue to exhibit more than enough accuracy for 
telecommunications testing with as low as 4.2 VDC. The time required to 
discharge from 4.75 to 4.2 VDC varies with the use of the PHD's features 
but should be in the 4 to 6 hour range. 

To view the battery status at any time without turning the PHD OFT and 
ON again, simply press and hold the SCAN key, press and release the CLEAR 
key, then release the SCAN key. This will generate the sign-on messages 
as previously described. This two-key sequence can also be used to re-set 
the microprocessor at any time. Although this should rarely be needed. 
past experience has demonstrated some "brown-out" problems as certain 
functions are selected on the PHD which require more current from batteries 
that are already in the "low battery" state. Symptoms of this condition 
would be the failure of the LCD to change displays when various mode switches 
are selected, or the failure of the CLEAR key to re-set the display. 
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Section 6 - Specifications SECTION 1 - GENERAL 

6-1 Telephone Functions 
1. DC resistance - -  MONITOR 

DC resistance -- TALK 
AC impedance -- TALK 

2. Minimum voltage across tip & ring - TALK 
3. DTHF dial level 
4. DTHF tvist 
5. DTHF Frequency Deviation 
6. Dial pulse dialing speed 
7. Dial pulse break X 
8. Ringer Equivalency 

6-2 Digit Display Function 
1. Minimum DTMF receive time 
2. Minimum DTMF receive level 
3. MaximumDTMFreceivelevel 
4. Maximum Twist 
5. Maximum Frequency Deviation 
6. DTMF display ON/OFF time range 
7. Hinimum dial pulse receive rate 
8. Haximum dial pulse receive rate 
9. Hinimum dial pulse receive break 2 

10. Maximum dial pulse receive break Z 
11. Minimum d/p receive interdigit time 
12. In-band Tone minimum presence 
13. In-band Tone minimum level 
14. In-band Tone level deviation 
15. Long Pulse (hookflash) minimum presence 
16. Zero volt minimum interval 
17. Off-hook/Dial Pulse Threshold 

. - 
6-3 Digital Multi-Meter Function 

1. DC Voltage range 
2. ACVoltagerange (all+/-17.FS) 
3. DC Current range 

6-4 Physical 
1. Size 
2. Weight 
3. Case Material 
4. Test leads 
5. Batteries 
6. Fuse 
7. Carrying case size 

115 Kohms 
250 ohms @ 20 trd 
600 ohms @ 42 mA 

3 VDC 
- 3 dBH @ZOmA 
+ 3dB 
+I- .757. 
12 PPS 
6 OX 
0.OB 

40ms 
-27dBm 
OdBm 
(+I-) lo dB 
(+I-? 1.5X (-tl-)ZHz 
40 ms-9.9 seconds 
5 PPS 
20 PPS 
5 0% 
75% 
looms 
500ms 
-24dB 
3dB or less 
150 ms 
50 ms 
adjustable 9-45 VDC 

000.0-199.9 VDC 
000.0-199.9 VAC 
000.0-199.9 mADC 

Specifications subject to revision vithout notice 

10.25 x 3.25 x 1.5" 
24 oz. 
High impact ABS 
4'v/66 block clips ** 
1.5 VDC AA (4) 
3 AG type. 114 AMP 
12" x 8" x 4" 

* As noted on Page 16, the AC impedance of,the PHD is not a precise 600 Ohms. 
An optional in-line quick-connect adapter to the cord.set can be supplied 
for this purpose (additional cost). This adapter also supplies a ground 
start feature. 

** Supplied standard. Optional quick-connect cord sets include: 309, 310 
and bantam plugs, male RJ-11 and meter-style test probes (additional cost). 

1-1 Introduction 

The PHD telecommunicator is an enhanced test set vhich integrates all of 
the features provided by an ordinary Butt-Set with a hands-free monitoring 
device, a speakerphone and a digital multimeter in one compact, portable 
device. 

In addition to these features, the PHD also contains Ziad's exclusive DIGIT 
DISPLAY vhich captures and displays the values of all tone and pulse dialed 
digits, including on/off time and dB levels (for tones) or 7. break, pulses 
per second and interdigit time (for pulses). The DIGIT DISPLAY also monitors 
the line status (on-hookloff-hook), zero volt intervals and non-DTUT voice 
band tones. 

Due to the sophisticated nature of the PHD, a thorough understanding of 
this manual is required before attempting operation. (Failure to understand 
the interaction of various features could result in potential damage to 
your unit. ) 

1-2 Unpacking the Unit 

Each PHD is shipped from the factory in a corrugated carton that contains 
an inner carton made of high-impact double-wall plastic. This foam lined 
plastic case has a handle and is designed to be used as a permanent carrying 
case for the unit. Although the PHD provides the same features as most 
Butt-Sets, it is actually a complex, microprocessor based, electronic device 
and should be treated accordingly. We strongly suggest that the unit be 
kept in its carrying case vhen not in use. Also included vith each PHD 
is one fuse, type 3hG k amp (already installed in the fuse holder of the 
unit), one set of batteries, type AA alkaline and this manual. Please 
check to make sure all items vere shipped vith the unit before proceeding. 

1-3 Installing the Batteries 

The battery compartment is located on the back of the unit, directly behind 
the keypad. Using a phillips head screvdriver, remove the single screw 
at the top (test leads facing down) of the compartment lid. Once this 
screw is removed, the lid vill sving out from the top until the tvo tabs 
that anchor the bottom of the lid to the unit body become free, at vhich 
point the lid can be removed. 

When installing the batteries, be sure that the polarity symbols (+ and 
-1 on each battery match those engraved in the bottom of the compartment. 
As soon as the batteries are installed in the compartment, turn the unit 
on to see if it operates properly (See Section 2). If not, remove the 
batteries pronptly as they could be damaged if left in an incorrect position 
for a prolonged period of time. 

When replacing the batteries in the future, use only high quality alkaline 
cells like those originally supplied vith the unit. These cells have a 
lover impedance than conventional cells and vill guarantee better operation 
of the PHD's sensitive audio circuits. In addition, alkaline cells are 
generally cheaper on a per-hour basis. 

Never leave discharged batteries in the PHD for prolonged periods of time 
as they may leak and damage the unit. If lengthy storage of the PHD is 
required, remove the batteries regardless of age or charge. 
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Hotvithstanding any provision of any agreement tha follwing warranty is 
exclusive . 
Ziad. Inc. warranto each inst-nt it manufactures to be free from defects 
in material and workmanship under normal use and service for the period 
of 90 days frol date of purchase. This warranty extendo w l y  to the original 
purchaser. This warranty shall not apply to fuses, disposable batteries 
or any product or parts which have been subject to misuse, neglect, accidenc 
or abnormal conditions of operations. 

In the event of failure of a product covered by thia warranty, Oizd, Inc. 
will repair end calibrate an instrumant returned to an authorized Service 
Facility within 90 days of the original purchase provided the warrantor's 
exomination discloses to its satisfaction that the product was defective. 
The warrantor may, at its option, replace the product in lieu of repair. 
With regard to m y  instrument returned within 90 days of the original 
purchase, said repairs or replacs~nt will be made vithout charge. If 
the failure has been caused by misuse, neglect, accident, or abornal 
conditions of operations, repairs will be billed at a nominal cost. In 
such case, an estimate will be submitted before work is started, if 
requested. 

TMS WREGOIRG M; IS IW LIEU OF W OTBER WARRAliTIES. EXPBESS OR 
IHPLIED. IWZUDIRC, BUT EWE LIMITED TO, AMT IHPLLED WARUMTY OF 
l4ERcHARTABILITY, FITNESS OR ADEQUACY FOR ANY PAESICULAR WEPaSS OR USE. 
ZIAD,  IIIC. SIULL BUT BE LIABLE FOR ANY SPECIAL IEICIDEMTAL, OR COglSEQVEMTIAL 
DAUAGES, WHETHER IN WNTBACT, TORT, OR OT1EEtVISE. 

If any failure occorrr, the follwing s t e p  should ba t h i  

1. Notify Ziad, Inc., or nearest Service facility, giving full details 
of the difficulty. and include the model number, type number, and serial 
number. 

2. On receipt of the Ueturn Ilorchandise Aothorieatiw, foruard the 
instrument, transportation prepaid. Repairs will be made at the Sarvice 
Facility and the inst-nt returned, transportation prepaid. 

All rhipmcnts of Ziad, Inc. instruwnts should be made via United Parcel 
Servica or "Best Way" prepaid. The instrument should be shipped in the 
original packing carton, or if not available, w e  any suitable cmtainer 
that is rigid end of adequate size. If a substitute c6ntainer is used, 
the instrument should be wrapped in pper and surrounded with at least 
four inches of excelsior or similar shock-absorbing material. 

The instrmnt should be thoroughly inspected isadiately upon original 
delivery to purchaser. All material in the container should be checked 
against the enclosed packing list. The munufacturer will m t  be responsible 
for shortages against the packing sheet unless notified immediately. If 
the instrument is damaged in any way, a claim should be filed with the 
carrier ianadiataly. Final claim and negotiations with the carrier must 
be completed by tbe customar. 
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WARRANTY 

NOTWITHSTANDING ANY PROVlSION OF ANY AGREEMENT THE FOLLOWING IS 
EXCLUSIM: 

Uad, Im. warrants each lnsbument it rnanufecturm to k free from delects In Werlal and 
~~adkmanshkp under normal uss and mice lor tho perlod d 180 days from the dale of 
purchase. Thk warmly extends only k the ortgbnd purchaser. Thk warranty shdl not My lo 
f m ,  dllsposrrbk batteries or any &her product or parts whkh hiwe been subject do misuse. 
IT@@&, acddent or abnormal candillom of opera2lone. 

h ffm event of frd- of a product wvered by thls warranty, Z lad, Ino. will repdr and calibrate 
an Instrument returned to an authorized cwrvlce fadilly wlthh 180 daya of the orlahl purchase 
pmvldsd thrr wercmtofs mmnhedlon ~ 1 0 ~ 1 s  to Rm dlclaallon that the product was 
defectk The wamntor may, at Ih option. raplace the product In h d rep&. WiYh regard to 
any ln&nunent rat& wllh 180 dayr of Ih odglnd purchase, said repah or replscarnent HN1 
be made w#hout ohllrg.. If UIO faUure har bwn caused by misuse, nq)lect, addent, or 
abnormal condRlo~ d operatha, repaIra wlll be billad at a nominal coat. In suoh case, an 
estimate wlU k rubmmed b e h  rcwk Is started, I mqwskd. 

THE FOREWING WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES. EXPRESS 
OR IMPLIED, INCLUDING, BUT NOT LMTED TO, ANY IWLIED WARRANTY OF 
MERCHANTABILITY. FITNESS OR ADEQUACY FOR ANY PARTICUILAR PURPOSE OR 
USE. ZIAD, INC. SHALL NOT BE LIABLE FOR ANY SPECIAL. INCIDENTAL, OR 
CONSEQUENTIAL DAMAGES, WHETHER IN CONTRACT, TORT, OR OTHERWISE. 

1. Uotify Ziad, Im., or naard wnrloe faclllty, giving fun details d the difllcuny, and 
Include the mode4 numbar, t y p  number, and dehR number. 

2. On receipt of the Return htWctmndlue AuthohtIon (RMA), bmpFd the Instrument, 
transf!4xWm prapdd Repaho Hllll b. md. at Um eedca taciaty and the Instfumed 
r&urned, t m m h  prcpekl. 

SHIPPING TO MANUFACTURER FOR REPAIR OR ADJUSTMENT: 

MI rMpments d Uad, Inc. Instruments should be ma& via Unbd Parcel Servir or 'Best 
Way" preprrld. The IhWunent shoM be aMpped In #b orfginol padtlng carton, or If not 
available, use an$ wniMe container that Is ilgld end of adequate e b .  If a rulbrbk oont~lnsr Is 
not used, the ln&mmM shoplkl be wrapped In paper and s u m o w  with at lea& four Inches 
of exceMor or BlmW rbk-absorbing material. 

CLAIM FOR DWAOE IN SHIPMENT TO ORIGINAL PURCHASER: 

The Instrument should $bVlpmm InqaW ltwmdktely upon culglnal delhwy to purchaser. 
Ail materlal cklng IU. The 
manufaolum unless notlfiad 
l~lmedMely. with the cmlw 
illmdately. the oustow. 



SECTION 6: SPECIFICATIONS SECTION 1: GENERAL 

6.1 Telephone Functions 
1. DC reslstance - Monitor 

DC resistance - Talk 
AC Impedance - Talk 

2. Mlnlmum voltage across tip & rlng -Talk 
3. DTMF dial level 
4. DTMFhvist 
5. DTMF frequency devlation 
6. Dlal pulse diallng speed 
7. Dlal pulse break percentage 
8. Ringer Equivalency 

6.2 Digit Display Function 
1. Min. DTMF recelve time 
2. Min. DTMF recelve level 
3. Max. DTMF receive level 
4. Max. Twist 
5. Max. Frequency Deviation 
6. DTMF display OnIOff tlme range 
7. Mln. Dlal Pulse recelve rate 
8. Max. Dial Pulse receive rate 
9. Min. Dial Pulse recelve break % 
10. Max. Dlal Pulse receive break % 
11. Mln. Dlal Pulse recelve lnterdlglt time 
12. Mln. In-Band tone presence 
13. Mln. In-Band tone level 
14. Max. In-Band tone fluctuation 
15. Min. Long Pulse (hookflash) presence 
16. Min. Zero Volt (wink) presence 
17. Off-HooWDial Pulse threshold 

6.3 Digltal Multi-Mcter Fur~ctlon 
1. DC Voltage Range 
2. AC Voltage Range (all +I- 1 % Full Scale) 
3. DC Current Range 

6.4 Physical 
1. Size 
2. Welght 
3. Case Material 
4. Test Leads 
5. Battery Type 
6. Fuse 
7. Carrying Case 

1 15K ohms 
250 ohms @ 20mA 

600 ohms Q 42 mA' 
3 VDC 

-3 dBm @ 20mA 
+3 dB 

+I- 0.75% 
12 p.p.s. 

60% 
0.0 dB 

40 mS 
-27 dBm 

0 dBm 
+I- 10 dB 

+I- 1.5% or +I-2 Hz 
40 mS to 9.9 S 

5 PPS 
20 PPS 

50% 
75% 

100 mS 
500 mS 

-24 dBm 
3 dB or less 

150 mS 
50 mS 

adjustable 9-45 VDC 

000.0 - 199.9 VDC 
000.0 - 199.9 VAC 

000.0 - 199.9 mADC 

10.25" x 3.25" x 1 . 5  
24 oz 

Hlgh Impact ABS 
4' wl66 block clips" 

1.5 VDC "AA" type (4 req'd) 
3 AG type, 114 AMP 

Double wall, foam lined 
polyethylene 

Specifications sublect to revision without notice 
1 4-. 

As noted on page 19, the AC impedance of the PHD Telecommunicator is not a precise 
600 ohms. An optional in-line quick connect adapter to the cord set can be supplied for 
thls purpose (at an additional cost). This adapter also supplies a ground start feature. 

" Supplied standard. Optional quick-connect cord sets include: 309. 310 and bantam 
plugs, male RJ-11 and meter-style test probes (at an additional cost.) 

I .I Introduction 

The PHD Telecommunicator is an enhanced test set which Integrates all of the 
features provided by an ordinary butt-set with a hands-free monitoring device, a 
speakerphone, a 4x4 telephone keypad with fourth column dialing and a digital 
multi-meter in one compact, portable device. 

In addition to these features, the PHD Telecornmunicator contains Ziad's, 
exclusive DIGIT DISPLAY feature. This feature captures and displays the 
values of all pulse and tone dialed digits, Including percent break, pulses per 
second and interdigit time (pulse), or on-time, off-time and dB level (tones) . 
The DIGIT DISPLAY also monitors the line status (on-hook, off-hook), zero volt 
or wink intervals and non-DTMF voice band tones. 

Due to the sophisticated nature of the PHD Telecommunicator, a thorough 
understanding of this manual is required before attempting operation. 
(FAILURE TO UNDERSTAND THE INTERACTION OF VARlOUS FEATURES 
COULD RESULT IN POTENTIAL DAMAOE TO YOUR UNIT.) 

1.2 Unpacking the Unit 

Each PHD Telecornmunlcator Is shlpped from the factory In a corrugated carton 
that contains an inner case made of high-Impact double walled plastic. This 
foam lined plastic case is designed to be used as a permanent carrying case for 
the unit. The PHD Telecommunicator Is a complex, microprocessor based, 
electronic device and should be treated with care. W e  strongly suggest that the 
unit be kept in its carrying case when not in use. 

1.3 Instal l ing the Batteries 

The battery compartment is located on the back of the unit, directly behind the 
keypad. Using a Philips-head screwdriver, remove the slnqle screw at the top of 
the compartment lid. Once this screw Is removed, the lid will swing out from the 
top until the two tabs that anchor the bottom of the lid become free, at which 
point the lid can be removed. When installing batteries, be sure that the polarity 
symbols (+ and -) on the batteries match those embossed on the bottom of the 
battery compartment. Turn power on unit to see that it operates properly. If not, 
remove the batteries promptly as they could become damaged if left in the 
incorrect position for an extended period of time.When replacing batteries in  the 
future, use only high quality alkaline cells. These cells have lower impedance 
than conventional cells and will guarantee better operation of the PHD 
Telecommunicator's sensitive audio circuits. 

NEVER leave dlscharged batteries in the PHD Telecommunicator for prolonged 
periods of time, they may leak and damage the unlt. If lengthy storage of the 
unit is required, remove the batteries regardless of age or charge. 





1.4 Replacing the Fuse blown by any voltage source that supplies as little as 314 volt, provided that the 
current rating is high enough. 

To take a current reading on a telephone line, you must be in series with the 
circuit. The best place to do this is to remove the bridging clip from either side 
of the line and place one test clip on each side of the gap created by the 
removal of the clip. 

- 

..... 
... .... 

Figure 15 

5.5 ACmA 

This mode is NOT a valid feature selection on the PHD Telecommunicator. 
I While no harm will come to the unit by accidentally selecting this instead of 

DCmA, the one ( I )  ohm mA circuit is connected by the mA switch regardless of 
the position of the AClDC swltch. Flgure 16 shows the error message that will i be displayed If thls switch setting Is selected. 

.................. .: ..: ..J.. ................ :.:.::.1.:jl.: ...... 
! !! 
w..... ' i i.. .': . . . .  .... ... 

Figure 16 

i 5.6 Over Range Indication 

Should the measurement of either V or mA exceed the limit of the display, the 
i indication shown In Figure 17 will appear in the space where the value is usually 

displayed. 

........... 
Figure 17 

The fuse holder is located on the right side (display facing you) of the hand grip. 
Insert a small screwdriver or your fingernail into the slot on the fuse holder 
cover and gently push while turning the cover one-quarter turn counter- 
clockwise. Release the pressure and the entire assembly will be released and 
can easily be removed. Remove the fuse from the fuse holder assembly and 
replace with a new 3AG 114 amp type. (NEVER REPLACE WITH A LARGER 
FUSE AS SERIOUS DAMAGE TO THE PHD TELECOMMUNICATOR MAY 
OCCUR.) 

SECTION 2: BASIC OPERATION 

2.1 Power-On Sequence 

Before turning on the PHD Telecommunicator, acquaint yourself with the 
location of each item shown in Figure 1. Once you have done this, turn the PHD 
Telecommunicator on by rotating the thumbwheel (ONIOFFNOLUME) control 
down or counter-clockwise. You should hear an immediate "click" from the 
thumbwheel control which indicates the " O N  position has been reached. You 
need not rotate the control any further at this point. As soon as power is applied 
to the unit, the sign-on messages will appear on the Liquid Crystal Display 
(LCD). There are two messages, each lasting one second each. These 
messages are as follows: 

1. P H D , ~ ~  Copyright 2. BATTERY SUPPLY 
1985 by ZIAD, INC IS OKAY 

If these messages are not displayed immediately , press the CLEAR key. If the 
unit still fails to produce the sign-on messages, check the batteries for proper 
installation and repeat the above steps. 

2.2 Battery Low Indication 

If the second of the two sign-on messages appears as "BATTERY SUPPLY IS 
LOW" instead of "BATTERY SUPPLY IS OKAY" as previously described, thls is 
an indication that the batteries have discharged sufficiently to trip a circuit wlthin 
the PHD Telecommunicator which creates the above message. This will occur 
when the battery voltage has dropped to approximately 4.75 VDC. The unit 
should continue to operate for some time after the first appearance of this 
message. 

To view battery status or to reset the microprocessor without turning the PHD 
Telecommunicator "OFF" and "ON" again, simply press and hold the SCAN key, 
press and release the CLEAR key, then release the SCAN key. This will 
generate the sign-on messages as previously described. Although this should 
rarely be needed, ceratin functions may cause "brown out" problems when the 
unit is in tlre "low battery" state. Symptoms of thls condition would be the failure 
of the CLEAR key to reset the display or failure of the LCD to change displays 
when various modes are selected. 
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Figure 2 

2.3 Switch Interaction 

Before attempting to connect the test leads of the PHD Telecommunlcator to 
any voltage source, you should thoroughly understand the internal circuitry of 
the unit as controlled by the five (5) white front panel mounted switches and the 
single black right-side mounted switch. 

Figure 2 is a block diagram that represents the three main connections that are 
made through the PHD Telecommunicator between its test leads. Since the 
PHD Telecommunicator was designed to be used as a telephone line test 
device, the DC resistance of each connection was carefully calculated to provide 
adequate sensitivity while insuring that the total loop resistance of the line is not 
affected by the presence of the PHD Telecommunicator. While this is true for 
the DIGIT DISPLAY and DMM-Volts circuits, which present a very high 
resistance across the line, the DMM-mA and the telephone network behave in 
the opposite manner since they present a very low resistance across the line. 

..... 
! 

: ..: ... ... .. .. 
Figure 13 

5.3 AC Volts 

This mode Is selected by moving the VlmA switch to V and the ACIDC switch to 
AC. The LCD will display the format shown in Figure 14 and the value will 
appear without a polarity sign (no sign necessary for AC volts). This mode was 
designed to be used on telephone lines in the M switch position to monitor 
ringing voltage. While no damage will come to the unit from use on a telephone 
line in T, it is highly unlikely that any appreciable reading will be found. If you 
wish to check the voltage of somethlng other than a telephone line, this circuit 
will not be damaged, but the TIM switch must be In M to avoid damaging the 
butt-set circuit or blowing the fuse. However, if you use the PHD 
Telecommunlcator to measure high-voltage sources such as commercial power 
(110 VAC), do not use the standard 66 block test clips for this purpose. These 
clips are of typical design to provide functional connections to typical telephone 
type blocks but will not fit into AC sockets, nor can they be grasped far enough 
away from the exposed metal portion to avoid any potentially harmful electrical 
shock. Optional, quick-connect meter style test probes may be purchased If you 
wish to use the PHD Telecommunlcator for this purpose. 

Figure 14 

This mode is selected by moving the VlmA switch to mA and the ACIDC switch 
to DC. The LCD will display the format shown in Figure 15 and the value will 
appear with proper polarity sign (no sign for positive, - sign for negative). Before 
selecting this mode, be sure that you have a good idea of what current level is 
to be expected. Please remember that this switch setting places only one (1) 
ohm of resistance between the test leads, effectively creating a "dead short" 
condition. Also, remember that the fuse size is 314 amp or 250mA and can be 



The circuit that determines the readings lor each function was designed to be 
fully auto ranging throughout the 0.0 to 199.9 range (V or mA). Bearing in mind 
that the PHD Telecommunicator was intended primarily for use on telephone 
lines, a slight compromise was made in accuracy to accommodate this auto 
ranging function. The stated accuracy of this circuit must be +/-I% of the full 
scale in any mode. However, actual testing to date indicates that the average 
unit possesses a greater degree of accuracy than expected. While we cannot 
guarantee better results that our stated accuracy, we would suggest that you 
compare your PHD Telecommunicator with another high-quality meter to 
determine what the difference exists between the two. If you perform this 
experiment, you should notice the greatest offset at the very low range of 3 or 
less. You may also notice a small offset with the unit itself when taking opposite 
polarity readings in this range, using the same source. Nevertheless, we are 
satisfied that the accuracy of the PHD Telecommunicator is more than 
adequate withln the range that would typically be required to perform testing on 
most telephone lines. 

Another subject that needs explanation is the color coding if the test leads. As 
mentioned in Section 2, the test leads of the PHD Telecommunicator are color- 
coded according to industry standards (red is ring). Since both the butt-set 
features and the DMM features are served by the same test leads, the color- 
coding is common to both. Since the standard for DMM test leads Is that red is 
the most positive, the PHD Telecommunicator was designed to comply with this 
standard. This may confuse some persons when taking a reading on a 
telephone line because the ring side of the line should be the most negatlve of 
the pair, which means that the PHD Telecommunicator will provlde a negatlve 
reading. Actually, this turns out to be correct since the black lead of a DMM 
should always be connected to ground and the tip side of the line Is the ground 
for the circuit. This means that the battery side if the line, or ring, Is at a 
negative voltage with respect to ground, or tip. Therefore, any negative reading 
on a telephone line Is correct polarlly. 

If you take the suggestion offered in Section 2 of leaving the front panel 
switches in the "up" position as the "normal" mode, then simply moving the 
DlGlT DlSPLAYlDMM switch to DMM will serve as a qulck polarity check of the 
line. this is a great improvement over the old-style polarlty button found on most 
other butt-sets, which draws significant current from the line and creates audible 
"clicks" that can be heard by the parties on a monitored line. 

WARNING: Both of these circuits will allow enough current to flow through the 
PHD Telecommunicator to blow the fuse if connected to a voltage source 
without adequate series resistance. Since all telephone lines have built-in 
resistance that effectively limits current flow, you should never have to replace 
the fuse in the PHD Telecommunicator if its use is limited to this area. 

Regardless of application, it is a good idea to position all five (5) of the front 
panel switches and the single right-side switch in the "up" position between 
feature selection. By restoring the switches to this position at every opportunity, 
you will become accustomed to this appearance as the "normal" mode for 
each switch and will be less likely to leave any switch in a position that could 
blow the fuse when the unit Is connected to a different source. In addition to 
being a good safety precaution, you should flnd that the "up" position for each 
switch will provide the feature selection that is used the majority of the time. 

2.4 Checklng the Fuse 

The PHD Telecommunlcator was designed in such a way that only those 
portions of the device that might be harmed by high current are fused. This 
means the PHD Telecommunlcator wlll stlll be a useful tool should you 
accidentally blow the fuse wlthout a replacement handy. Specifically, the DlGlT 
DISPLAY and the audio monitor (Including both NORMAL and HANDS-FREE 
modes), will continue to work properly (see Sections 3 and 4). The DMM 
displays will appear in their proper format when selected but will exhibit no 
reading (with the exception of DC volts which may read 1.5 VDC or less due to 
some common circuitry being shared with the DlGlT DISPLAY function). The 
most obvious symptom of a blown fuse is the loss of the butt-set features, 
including the ability to seize the line or dial In either tone or pulse. Should your 
PHD Telecommunicator exhibit any of these symptoms, replace the fuse as 
previously described in Section 1.4. 

2.5 Test Leads 

The PHD Telecommunicator comes equipped with a pair of industry standard 
butt-set type test leads that terminate in 66 block clips. As is typical of most 
other sets, the red lead is the ring side of the line and the black lead is the tip or 
ground. 

SECTION 3: BUTTSET FEATURES 
5.2 DC Volts 

This mode is selected by moving the VlmA switch to V and the ACIDC switch to 
DC. The LCD will display the format shown in Figure 13 and the value will 
appear with proper polarity sign (no sign for positive, - for negative). This mode 
may be used in either T or M on telephone lines due to the high DC resistance 
of this circuit. If you wish to check the voltage of something other than a 
telephone line, this circuit will not be damaged, but be sure that the TIM switch 
is in M to avoid damaging the butt-set circuit or blowing the fuse. 

3.1 M (Monitor) Mode: General 

The T (Talk) I M (Monltor) switch is located on the right side of the unit (see 
Figure 1, Item 12). When this switch is placed in the M position, the PHD 
Telecommunicator represents a high DC resistance and AC impedance to the 
telephone line (see Section 6). This is desirable for monitoring line status and 
audio activity without significantly influencing either. However, this is only true if 
the VlmA switch Is In the V position. In the mA position, this switch will place a 
1 ohm resistor in parallel with the monitor circuit, effectively shorting it and the 
telephone line at the same time (see Section 5). 



3.2 M (Monitor) 1 NORM (Normal) Mode 

Figure 3 shows the location of the NORM (Normal) I HF (Hands-free) switch. 
This mode is selected by placing the NORMIHF switch in the NORM position. 
This will fix the volume of the speaker at a level which will allow the PHD 
Telecommunicator to be used in a similar manner as other butt-sets, with the 
speaker placed to the ear. This mode is best used for quiet monitoring where 
you do not want others to hear the monitored call. 

I Fiaure 3 I 

3.3 M (Monitor) 1 HF (Hands-Free) Mode 

This mode is selected by placing the NORM (Normal) 1 HF (Hands-free) switch 
in the HF position. Thls will allow the volume of the speaker to be adjusted by 
using the thumb-wheel, ONIOFFNOLUME, control located on the left side of 
the unit. The PHD Telecornrnunicator can then be placed on any flat surface or 
hung by its hook, located on the rear of the unit, to provide hands-free 
monitoring of the line. This mode is best used in situations where you need to 
daignose something or make an adjustment in another area of a telephone 
room while continuing to monitor the line, or when more than one person needs 
to listen to line activity. 

CAUTION: The volume of the PHD Telecommunicator in this mode may 
surprise you. To keep from accidentally broadcasting a monitored call beyond 
your immedlate area, it is a good idea to turn the volume all the way down 
before selecting the HF mode. 

displayed. The blocks between these steps do not have their value displayed on 
the scale due to the limited space on the display, but are -24, -18, -12 and -6 
dB. In addition, any reading of 0 dB or greater is indicated by a right-hand 
arrow, while tones less than -27 dB cannot be detected and are indicated by a 
left-hand arrow. 

The circuit that determines these levels is generally called dB (relative). 
However, if the device that terminates the telephone line has an AC impedance 
of 600 ohms at the appropriate test tone frequency, then the meter can be read 
as dam. The PHD Telecomrnunicator butt-set feature (T) was not designed to 
present a precise 600 ohm AC impedance for this purpose. However, an 
optional 600 ohm (resistive) plug is available to provide this feature. This plug is 
designed to fit into any of the quick-conned PHD Telecomrnunicator cord sets 1 (see Section 6). 

SECTION 6: DMM FEATURES 
I 

5.1 General I 
Figure 12 shows the location of the three front panel switches associated with I 
the DMM features of the PHD Telecomrnunicator. As indicated, the DIGIT 
DlSPLAYlDMM switch must be set to DMM, while the AClDC and VlmA 
switches may be set In varlous combinations to select the desired function. As 
stated In Sectlons 2 and 3, extreme caution must be exercised before using thls 
function. This is particularly true if you are dealing with a voltage source other 
than a telephone line. In this case, you should definitely make sure that the TIM 
switch if firmly set to M. 

1 .  Figure 12 



4.9 dB Bar Graph 3.4 T (Talk): General 

Figure 11 shows the correct front panel switch positions required to select this 
feature. As you will notice, the ACIDC and VlmA switches appear to be set to 
AC and mA. These switches actually serve a dual purpose and select d B  BAR 
GRAPH when the DlGlT DISPLAYIDMM switch is set to DIGIT DISPLAY. Be 
suro h a t  tlils switcl, is sat propelly to avoid placi~ig the 1 ohm mA measuring 
circuit across the line, which would occur if this switch is accidentally set to 
DMM. 

This display feature is produced by the same circuit that produces the bottom 
row event parameter of d B  for tone. This display is completely interactive with 
the DlGlT DISPLAY and may be viewed while new characters are captured and 
retained in memory for review with the SCAN feature after returning to DlGlT 
DISPLAY from dB BAR GRAPH. 

The purpose of this feature is to provide a "real time" visual indication of tone 
level activity. Figure 11 shows the display format for this feature, which has a 
large bar that moves from left to right as the signal level increases. The scale 
for this meter is calibrated in 3 dB steps with the -27, -21, -15, -9 and -3 steps 

This mode is selected by placing the TIM (Talk/Monitor) switch in the T mode. 
This switch setting will place the voice hybrid network, tone dialer and pulse 
dialer across the telephone line to allow outbound calling. Collectively, these 
circuits exhibit a low DC resistance (see Sectlon 6), whlch allow adequate 
current to flow in the loop to trip the off-hook Indicator and dial tone generator in 
the telephone switch. As previously described in paragraph 2-3, the T mode 
should never be selected when the PHD Telecommunicator is connected to any 
voltage source other than a telephone line. When using the PHD 
Telecommunicator as a DMM to read the voltage of any non-telephone line 
source (see Section 5), be sure to check the TIM swltch to see that it is in the M 
position before connecting the test leads. This warning applies even when the 
ONIOFFNOLUME control is OFF. WARNING: Failure to check this switch 
when using the PHD Telecommunlcator In thls manner could result In  a 
blown fuse o r  a damaged unlt. 

3.5 T (Talk) I NORM (Normal) Mode 

This mode Is selected by placlng the NORM (Normal) I HF (Hands-free) switch 
in the HF position. This will fix the volume of the speaker at a level which will 
allow the PHD Telecornmunicator to be used In a similar manner as other butt- 
sets, with the speaker placed directly to the ear. This mode is best used for 
quiet conversation where you do not want others to hear the called party. 

3.6 T (Talk) I HF (Hands-Free) Mode 

This mode is selected by placing the NORM (Normal) I HF (Hands-free) switch 
In the HF posltlon. This changes the PHD Telecornmunicator from typical butt- 
set usage into a full-featured, hands-free speakerphone. The speaker volume 
may be adjusted by using the ONIOFFNOLUME control, while the microphone 
level is controlled by internal circuitry for best overall performance. 

As with all speakerphones, you will notice a slight delay after you stop talking 
before you hear the speaker volume return to the adjusted receive level. This is 
due to the fact that the speaker and the microphone cannot be connected to the 
line at the same time because they would feedback continuously. To overcome 
this problem, all speakerphones have a circuit that switches these components 
in and out based on the determination of which party is speaking and which 
party is listening. This determination Is made by comparing the level of sound 
occurring on the telephone line with that of the microphone. The slight delay 
that is heard Is due to a time-out circuit that decides when to make the 
transition from one mode to another. 

Although circuits associated with this feature have been designed to provide the 
best possible operation in most situations, you may experience either "cutting in 
and out" or "excessive delay". 

"Cutting in and out" is generally caused by low voice andlor high noise on the 
telephone line where very little difference is detected in level between talking 
and listening. If this occurs, try calling back in hopes of finding a cleaner circuit. 

8 



"Excessive delay" is generally caused by consistent, but not necessarily loud, 
background noise in the immediate vicinity of the PHD Telecommunicator. If 
this occurs, try turning off any noise-producing devices such as radios, copiers 
or typewriters, if possible. 

Even if you do not experience either of the above problems, speakerphone 
performance is always improved by following several basic rules: 

1. Make sure you have the best possible telephone connection. 

2. Try to eliminate all or as much background noise as possible from the 
environment around the PHD Telecommunicator. 

3. When speaking, face the microphone and speak firmly. 

4. When listening, be as quiet as possible. 

5. Do' not try to talk over the other person. Wait quietly until there is a 
break in their conversation and you hear the speaker volume go down 
before beginning to speak. 

If you find that you cannot use the NORMlHF feature at a particular location, 
simply move the NORMlHF back to NORM and use the PHD 
Telecommunicator as a hand-held butt-set. 

3.7 T (Talk) Dialing Mode Selection 

Figure 4 shows the location of the TONEIPULSE switch which is used to select 
the type of dialing provided by the PHD Telecommunicator. When placed in the 
TONE position, the PHD Telecommunicator will dial in DTMF. All sixteen (16) 
keys on the keypad are active In this mode, with the character set consisting of 
the twelve standard characters of 0 through 9, ', and # plus A, B, C, and D 
(typically called fourth column or military tones). 

4.7 CLEAR Key 

This key has several uses that have already been described in Section 2. 
However, the primary function of this key is to clear the display of all data that 
was captured for the last call record. Simply press this key once and the display 
will be cleared except for the first space of the top row which always indicates 
the current line status. I 
4.8 SCAN Key I 
Until now, the DIGIT DISPLAY has been discussed in terms of "real time". 
While it is true that this feature operates with only a slight delay that is caused 
by the need to wait for timing data, many events simply occur too fast to allow 
the bottom row of parameters to be adequately reviewed. By using the SCAN 
key, you can review previously stored data during the progress of a call or after 
completion. I 
As described, the cursor rests under the last character that is displayed, with the 
bottom row of the display indicating the parameters for this individual character. 
The SCAN key moves the cursor one space each time it Is depressed, moving I 
left to right. Upon reaching the last space of the top row it will move to the first 
space of the bottom row and then return to the second space of the top row, at 
which time the parameters for that character will re-appear on the bottom row. If 
the display Is not completely full, the cursor wlll skip all empty spaces for faster 
return. If you use the SCAN key while a call is still in progress, you will notice 
that new characters are written to the display in proper sequence, but the cursor 
will remain where you placed it, with the new parameters for that character 
displayed on the bottom row of the LCD. The parameters associated with these 
new characters that are displayed during the SCAN process have not been lost 
but have been placed into memory. To view these parameters, simply move the 
cursor under each character and they will appear on the bottom row. 

As you may have noticed, the complete cursor cycle around the LCD seemed to 
stop on the fist space of the bottom row without reason. If you will recall, the 
complete cycle is only required if the display is completely full. Up until now, we 
have discussed this top row as displaying events characters and the bottom row 
displaying event parameters only. While this is true for the first fifteen (15) 
characters (full top row), the bottom row serves 8 second purpose should a 
sixteenth character be created. If thls occurs, the bottom row will begin to 
display event characters until full (16 characters). However, no parameters are 
captured for these bottom row characters. This is why the cursor stops at the 
first space on the bottom row. Since these characters have no parameters 
associated with them, there is no need for the cursor to move under each one. 
Instead, it simply stops at the first space and displays the entire row of 
characters before returning to the top row. 



. . 
:iEK: This is called the LINE STATUS OFF-HOOK. This occurs whenever 

the line voltage falls below the OFF-HOOK threshold for at least 100 
milliseconds and will continue to be displayed until replaced by either 
the ON-HOOK version of this character or the next character. This 
character will only be displayed in the first space of the top row. 

i:! 
':=" This is called the ZERO VOLT INTERVAL. This occurs whenever there 

Is less than 3 volts of potential across the line for at least 50 
milliseconds. This character may be present in the first space of the 
top row if the display has been cleared (see Section 4-7) and the test 
leads are not connected to anything or are connected to an Idle ground 
start trunk. This character may also be present in any other space on 
the display which will indicate that the telephone switch battery has 
been removed from the line. This occurs regularly on most swltches 
just before dial tone is generated or as the call is switched after 
completion of dialing. This is not the same as the break cycle of a 
rotary dial pulse which occurs when the line voltage rises above the 
OFF-HOOK threshold, though no current will flow during either event. 
The bottom row parameter for this event is shown in Figure 10, with 
the on-time indicating the length of the event (usually 50-150 
milliseconds). 

0 .. .. 
This Is called the LONG PULSE INTERVAL. The criteria for thls event 
is the same as the LINE STATUS ON-HOOK (above) but It Is displayed 
in the call record at the point where it occurs. This character Is usually 
created by a hook-flash or a legitimate ON-HOOK which may last any 
length of time. In this second case, you will only see this character if 
you do not clear the display before a new OFF-HOOK occurs, due to 
the fact that characters are not displayed until an event ends. The 
bottom row parameter for this event is shown in Figure 10, with the on- 
time indicating the length of the event. Frequently, this time will be 
shown with an up-arrow in front of 9.9 seconds, since thls Is the limits 
of the timer. 

This is called the IN-BAND TONE INDICATOR. The criteria for this 
event is the presence of any non-DTMF tone on the line for at least 500 
milliseconds, that is between 300-3000 Hz and has a level of at least - 
24 dB which does not fluctuate more than 3 dB. This character is 
usually created by dial tone or ring back. In this second case, the 
sofhvare will not allow consecutive characters of this type to be 
displayed next to each other. Instead a single character will be shown 
but as soon as the first tone has ended, the onloff time of the bottom 
row parameter will begin to toggle back-and-forth with each new ring. 
This feature keeps the display from being filled with ring-back signals. 
The format for the bottom row parameter is the same as for DTMF, as 
shown in Figure 8, with the onloff time indicated for the last cycle only. 

Figure 4 

When placed in the PULSE position, the PHD Telecommunicator will generate 
precise dial pulses at a rate of twelve (12) pulses per second, with a break cycle 
of 60%. Only ten (10) keys are active in this mode, with the available character 
set consisting of the standard rotary dial telephone numerals 0 through 9. 

SECTION 4: DlGlT DISPLAY FEATURES 

4.1 General 

Figure 5 shows the location of the DlGlT DlSPLAYlDMM switch in the middle of 
the five (5) switches that are mounted in the front panel of the hand grip portion 
of the PHD Telecommunicator. This switch serves two purposes: it acts as a 
hardware flag that tells the microprocessor to look at the DlGlT DISPLAY or the 
DMM circuitry and it disconnects the mA portion of the VlmA switch to provide 
extra protection agalnst accidental use. Since this switch does not disconnect 
the DlGlT DISPLAY or DMM-V circuits when it Is in the opposite position, these 
circuits exist in parallel, but still present a very high DC resistance and AC 
impedance to the line (see Section 6). 



Figure 5 

The DIGIT DISPLAY is compatible with the TIM switch in either positlon. In the 
M mode, the LCD will display line status, dialed digits and several other 
parameters that are created by the activity of the device that termlnates the line 
(PBX, KSU or single-station phone). In the T mode, the same information will be 
displayed but it is created by the butt-set features of the PHD Telecommunicator 
itself. This is because the microprocessor is completely unaware that the DIGIT 
DISPLAY and the telephone circuitry are in the same physical package and 
treats the telephone circuitry the same as any other device that seizes the line 
and dials. 

The main point of this discussion is to make you aware of the fact that the PHD 
Telecommunicator actually tests itself when placed In the T mode. This can be 
very helpful in certaln situations because you can actually compare the PHD 
Telecommunicator with the device you are attempting to diagnose. 

4.2 Liquld Crystal Display (LCD) 

The display consists of two (2) rows of sixteen (16) characters each. Each 
character is made up of a five by seven dot matrix which provides greater 
resolution than many LCD's and also allows the use of the full range of standard 
typewritten characters. This makes the PHD Telecommunicator's display easy 
to read and understand. 

There are, however, two areas that the LCD is less than perfect. First, the LCD 
tends to be difficult to read in very bright light, such as sunlight, or in very dim 
light. Secondly, the LCD is very sensitive to the cold. If the temperature falls 
below 32 degrees F, you will notice that the display may appear darker that 
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Figure 10 

Figure 10, once again, shows the same call record as Figures 8 and 9 but the 
cursor is now under one of the PHD Telecommunicator's custom characters, 
known as the Zero Volt Interval. Since the character is not a tone, no dB level is I 
displayed. Therefore, the only Information that can be captured is: the onloff 
time; (which is the amount of time the Zero Volt Interval was present, followed 
by the elapsed time between the end of the event and the beginning of the next). 
The range of the timer is 0.001 to 9.9 seconds. In the above example, the event 
is displayed as lasting ,100, which equals 10011000th of a second, or 100 
milliseconds, while the off time is displayed as 4.9 and is read as 4.9 seconds. I 
Although many different terms have been used in this section, all of which mean 
different things depending on the context in which they are used, it is interesting 
to note that, from an electrical standpoint, the terms "make cycle", "interdigit 
time", "DTMF off-time" and custom character "off-time" are all identical in 
function and simply mean that there is a stable DC voltage dropped across the 
test leads of the PHD Telecommunicator that is below the off-hook threshold 
and has no appreciable AC components. 

4.6 Custom Characters I 
As previously mentioned, any character that has a numerical value of 0-9 is a 
dialed digit that was transmitted in either rotary dial pulse or DTMF. The 
difference can be determined by the format of the bottom row parameter 
display. In addition, the DTMF characters ', #, A, 6, C, and D are displayed 
exactly as they appear on the keypad. The other five (5) characters that may 
appear on the display are custom characters that were created especially for the 
PHD Telecommunicator. Each of these characters Is created by a specific event 
that occurs during typical telephone line usage. The definition of each character 
and the associated event that creates it is as follows: 

..... I .. .. ... ..... mm==- This Is called the LINE STATUS ON-HOOK. This occurs whenever the 
line voltage rises above the OFF-HOOK threshold for at least 150 
milliseconds and will continue to be displayed until replaced with one of 
the next two characters. This character will only be displayed in the 
first space of the top row. I 



Figuie 8 shows a completed call record that consists of fourteen (14) event 
characters which follow the off-hook status indication and filled spaces 2 
through 15 of the top row. If you will notice, the cursor is displayed under the 
character "6 .  This means that the information associated with this character is 
displayed on the bottom row of the LCD . In the case of the "6,  the format of 
the bottom row indicates that this character was transmitted by rotary dial 
pulse. Had thls "6" been transmitted in DTMF, the format of the bottom row 
would be much different in appearance, as Figure 9 demonstrates. 

b 

The information that is captured for rotary dial pulse is: the % of break; (which 
is the percent of the time the line was broken during on complete breawmake 
cycle), the pulses-per-second (PPS); (which is the number of complete pulse 
cycles that can be transmitted in one second), and the interdigit time; (which is 
the time that has elapsed from the end of break period of the sixth pulse of the 
"6 ,  to the beginning of the break period of the next rotary dial pulse character, 
or the beginning of an entirely new event). The range of the interdigit timer is 
0.001 to 9.9 seconds. In Figure 8, the interdigit time is displayed as .7001D 
which equals 700/1000th of a second, or 700 milliseconds. NOTE: In the case 
of a rotary dial pulse "l", the break time is displayed in milliseconds since % of 
break and PPS can not be calculated for a single break. 

..... 
..... 

Figure 9 

Figure 9 shows the same call record as Figure 8 but the cursor is now under the 
"7". Once again, the format of the bottom row indicates what method was used 
to transmit the character, which in the case of the "7, was DTMF. 

The information captured for DTMF is: the onloff time; (whlch Is the amount of 
time that the tone was present on the line, followed by the elapsed time from the 
end of this tone to the beginning of the next DTMF tone or the beginning of and 
entirely new event), and the dB level or tlie tone. The range of tlie onloff timer is 
0 001 to 9.9 seconds. in tlie above exaniple, both tlie on and tlie off times are 
displayed as .060, which equals 6011000th of a second, or 60 milliseconds. The 
range of the dB function is -30 dB to 0 dB (relative) and is displayed in 1dB 
steps. 

normal when the unit is turned on. As the display warms to room temperature. 
the normal contrast will return. You should not be overly concerned about 
exposing the LCD to the cold, as damage would occur only if exposed to 
temperatures below -40 degrees F for a prolonged period of time. 

4.3 Off-Hook Threshold 

Before advancing to the features provided by the DIGIT DISPLAY, it is 
important that you understand how the PHD Telecommunicator determines the 
line status (on-hook or off-hook) and also captures dial pulses by using a simple 
voltage comparison. 

Most telephone switching systems supply a talk battery within the range of 45- 
55 VDC. If loop extenders are added, this may increase to as much as 85 VDC. 
In all of these cases, the telephone instrument only needs 5-6 VDC for adequate 
operation. The remaining voltage is dropped across the Internal resistance of 
the switching system and the copper wire pair that connect this system to the 
telephone. The only important component of this equation is the amount of 
current flowing in the complete loop. Most single-station telephones require at 
least 20mA for satisfactory operation. Therefore, the amount of voltage that a 
switch provides is mainly dependent upon the average distance between the 
switch and the telephone. Once this is understood, it is easy to see why most 
switches that are located In heavily populated urban areas supply the 45-55 
VDC needed for loops of four miles or less, while switches that provide service 
to rural areas may need loop extenders for loops of up to eight miles, while 
small town switches and PBX's need only 24 VDC supplies for loops up to 1000 
feet. 

If a voltage meter is placed across a typical telephone pair, the voltage read in 
the on-hook state wlll be the entlre supply of the swltch due to the fact that the 
telephone is providing an open In parallel with the meter. When the telephone 
closes the loop, causing current to flow, the line is now considered off-hook and 
the voltage read across the line depends entirely on where you are located in 
the loop. If the supply of a certain switch is 48 VDC and the meter is placed at 
the point where the outside plant wiring is connected to the switch, the reading 
taken could be as high as 36-40 VDC due to the fact that the meter is in parallel 
with the entire loop external to the switch, including the telephone. On the other 
hand, i f  the meter is placed directly across the phone at the customer location, 
the reading could be as low as 5 VDC slnce only the small resistance of the 
telephone is in parallel with the meter. 

The PHD Telecommunicator uses exactly this technique to determine the on- 
hookloff-hook status of the line and to capture dial pulses, which are nothing 
more than a rapid pattern of on-hook and off-hook transitions called break and 
make cycles. However, since the PHD Telecommunicator was designed for use 
at the switch site, as well as, the customer location, the voltage reference that is 
compared to the line voltage must be adjustable. This is accomplished by using 
a small screwdriver to turn the off-hook threshold potentiometer which is located 
on the back of the unit directly behind the speaker. This potentiometer is 
adjustable from approximately 9 VDC - 45 VDC which should provide an 
adequate range for any application. Figure 6 shows the location of the highest 



and lowest reference points on the potentiometer. The factory setting is 18 VDC 
which is sufficient for use at most customer locations, including 24 VDC 
supplies. Switch site usage may require a higher setting, but once it is set it 
should not need future adjustment. The procedure for setting this reference by 
using the display is described later in this section along with the custom status 
characters. 

A 
Figure 6 

4.4 Display Format and Operation 

As mentioned in paragraph 4-2, the LCD consists of two (2) rows of sixteen (16) 
characters per row. The first character of the top row (left) is a location whlch 
display one of three special characters. Figure 7 depicts these three characters 
as they appear in dot matrix form. The first two characters are called Line 
Status characters with the first example showing the on-hook state and the 
second example showing the off-hook state. ~ h e s e  characters resemble a 
telephone with the handset movlng up and down to Indlcate line status. As 
mentioned in paragraph 4-3, this character is controlled by a comparison of the 
voltage across the line with and internal voltage reference that is set by the 
potentiometer that is located on the back of the unit. If the Line Status character 
does not display the proper status, adjust the potentiometer as follows: 

1. Line is Off-Hook, character is on: This means that the voltage did not drop 
below the threshold. Turn the reference up by rotating the potentiometer to 
the right (clockwise). When the character changes states, rotate the 
potenliometer another 20 degrees or so to make sure the reference is solid. 
This problem is most likely to occur at a switch site. 

2. Line is On-Hook, character is off: This means that the voltage dld not pass 
above the threshold. Turn the reference down by rotating the potentlometer 
to the left (counter-clockwise). When the character changes states, rotate 
the potentiometer another 20 degrees or so to make sure the reference is 
solid. This problem is most likely to occur when a unit that has been used 
at a switch is used at a customer location, or when a unit has been set to 
30 VDC for a 48 VDC supply encounters a 24 VDC supply. 

:"==I :-: ..... ..m .... ... .... ..... ~ i i h  . ..... 
Figure 7 

Referring to Figure 7, the third character is called Zero Volt and is present in the 
first space when zero volts of potential exists across the test leads. This symbol 
will appear when the test leads are not connected to anything, or on idle ground 
start trunks. This character may also be displayed at other places in a call 
record, as will be discussed in paragraph 4-6. 

The unique thing about the first space of the top row, in addition to the 
previously discussed fact that only three characters are ever displayed there, is 
that those three characters will erase and replace each other in the same space. 
This behavior will not occur in any other space on the display, since the 
purpose of the remainder of the display is to capture and retain data about each 
event that occurs during the progression of a call. 

The operation of the display is very similar to a typewriter, with each event 
character filllng the next space to the right. The display cursor (a small line 
under the character) is left under the last character. This continues until all 
thirty-one (31) spaces are full, at which point the display software will ceases 
the accumulation of data and will not ''wrap around" or "write over" previously 
displayed data. 

There is one last item that should be mentioned concerning the operation of the 
display. As you begin to familiarize yourself with the DIGIT DISPLAY, you will 
notice that each event character is not written to the display until it has finished. 
This is due to the collection of timlng data that will be oxplained in tho next 
paragraph. 

4.5 Event Parameters I 

Using the example once again of the event characters being written to the 
display as if they were being typed on a typewriter, imagine that the display 
software could keep track of the amount of time that each key was held down 
and the amount of time that elapsed from the point where the last key was 
released until the next key is pressed. This is exactly what the display software 
captures for the first fifteen (15) event characters that fill the top row of the LCD. 
The bottom row is used to display the parameters in three different formats, 
depending on the type of character that the cursor Is sitting under. By using the 
SCAN key (see Paragraph 4-8), you can view the parameters for each top row 
character on a space-by-space basis. 
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and lowest reference points on the potentiometer. The factory setting is 18 VDC 
which is sufficient for use at most customer locations, including 24 VDC 
supplies. Switch site usage may require a higher setting, but once it is set it 
should not need future adjustment. The procedure for setting this reference by 
using the display is described later in this section along with the custom status 
characters. Hi 

Figure 6 

4.4 Display Format and Operation 
I 

I As mentioned in paragraph 4-2, the LCD consists of two (2) rows of sixteen (16) 
characters per row. The first character of the top row (left) is a location whlch 

I display one of three special characters. Figure 7 depicts these three characters 
as they appear in dot matrix form. The first two characters are called Line 
Status characters with the first example showing the on-hook state and the 
second example showing the off-hook state. These characters resemble a 
telephone with the handset moving up and down to Indlcate llne status. As 
mentioned in paragraph 4-3, this character is controlled by a comparison of the 
voltage across the line with and internal voltage reference that is set by the 

I potentiometer that is located on the back of the unit. If the Line Status character 
does not display the proper status, adjust the potentiometer as follows: 

! I. Line is Off-Hook, character is on: This means that the voltage did not drop 
below the threshold. Turn the reference up by rotating the potentiometer to 
the right (clockwise). When the character changes states, rotate the 
potentiometer another 20 degrees or so to make sure the reference is solid. 
This problem is most likely to occur at a switch site. 

\ 

2. Line is On-Hook. character is off: This means that the voltage dld not pass 
atSove the threshold. Turn the reference down by rotating the potentlometer 
to the left (counter-clockwise). When the character changes states, rotate 

I the potentiometer another 20 degrees or so to make sure the reference is 
solid. This problem is most likely to occur when a unit that has been used 
at a switch is used at a customer location, or when a unit has been set to 
30 VDC for a 48 VDC supply encounters a 24 VDC supply. 

...... . . :=: ..... *.. .... ... .... 
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Figure 7 

Referring to Figure 7, the third character is called Zero Volt and is present in the 
first space when zero volts of potential exists across the test leads. This symbol 
will appear when the test leads are not connected to anything, or on idle ground 
start trunks. This character may also be displayed at other places in a call 
record, as will be discussed in paragraph 4-6. 

The unique thing about the first space of the top row, in addition to the 
previously discussed fact that only three characters are ever displayed there, is 
that those three characters will erase and replace each other in the same space. 
This behavior will not occur in any other space on the display, since the 
purpose of the remainder of the display is to capture and retain data about each 
event that occurs during the progression of a call. 

The operation of the display is very similar to a typewriter, with each event 
character filling the next space to the rlght. The display cursor (a small line 
under the character) is left under the last character. This continues until all 
thirty-one (31) spaces are full, at which point the display software will ceases 
the accumulation of data and will not "wrap around" or "write over" previously 
displayed data. 

There is one last item that should be mentioned concerning the operation of the 
display. As you begin to familiarize yourself with the DIGIT DISPLAY, you will 
notice that each event character is not written to the display until it has finished. 
This Is due to the collection of timing data that will be explained in tlro rwxt 
paragraph. 

4.5 Event Parameters 

Using the example once again of the event characters being written to the 
display as if they were being typed on a typewriter, imagine that the display 
software could keep track of the amount of time that each key was held down 
and the amount of time that elapsed from the point where the last key was 
released until the next key is pressed. This is exactly what the display software 
captures for the first fifteen (15) event characters that fill the top row of the LCD. 
The bottom row is used to display the parameters in three different formats, 
depending on the type of character that the cursor is sitting under. By using the 
SCAN key (see Paragraph 4-8), you can view the parameters for each top row 
character on a space-by-space basis. 
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Figure 8 



Flgu~e 8 shows a completed call record that consists of fourteen (14) event 
characters which follow the off-hook status indication and filled spaces 2 
through 15 of the top row. If you will notice, the cursor is displayed under the 
character "6 .  This means that the information associated with this character is 
displayed on the bottom row of the LCD . In the case of the "6,  the format of 
the bottom row indicates that this character was transmitted by rotary dial 
pulse. Had this " 6  been transmitted in DTMF, the format of the bottom row 
would be much different in appearance, as Figure 9 demonstrates. 

The information that is captured for rotary dial pulse is: the O h  of break; (which 
is the percent of the time the line was broken during on complete breawmake 
cycle), the pulses-per-second (PPS); (which is the number of complete pulse 
cycles that can be transmitted in one second), and the interdigit time; (which is 
the time that has elapsed from the end of break period of the sixth pulse of the 
"6,  to the beginning of the break period of the next rotary dial pulse character, 
or the beginning of an entirely new event). The range of the interdigit timer is 
0.001 to 9.9 seconds. In Figure 8, the interdigit time is displayed as .7001D 
which equals 70011000th of a second, or 700 milliseconds. NOTE: In the case 
of a rotary dial pulse "I", the break time is displayed in milliseconds since O h  of 
break and PPS can not be calculated for a single break. 
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Figure 9 

Figure 9 shows the same call record as Figure 8 but the cursor is now under the 
"7". Once again, the format of the bottom row indicates what method was used 
to transmit the character, which in the case of the "7, was DTMF. 

The information captured for DTMF Is: the onlolf time; (whlch Is the amount of 
time that the tone was present on the line, followed by the elapsed time from the 
end of this tone to the beginning of the next DTMF tone or the beginning of and 
entirely new event), and the dB level or the tone. The range of tlle onloff timer Is 
0 001 to 9.9 seconds. I t \  the above exanjple, both the on and the 011 times are 
displayed as .060, which equals 60/1000th of a second, or 60 milliseconds. The 
range of the dB function is -30 dB to 0 dB (relative) and is displayed in IdB 
steps. 

normal when the unit is turned on. As the display warms to room temperature, 
the normal contrast will return. You should not be overly concerned about 
exposing the LCD to the cold, as damage would occur only if exposed to I 

temperatures below -40 degrees F for a prolonged period of time. 

4.3 Off-Hook Threshold 

Before advancing to the features provided by the DIGIT DISPLAY, it is 
important that you understand how the PHD Telecommunicator determines the 
line status (on-hook or off-hook) and also captures dial pulses by using a simple 
voltage comparison. 

Most telephone switching systems supply a talk battery within the range of 45- 
55 VDC. If loop extenders are added, this may increase to as much as 85 VDC. 
In all of these cases, the telephone instrument only needs 5-6 VDC for adequate 

I 
I 

operation. The remaining voltage is dropped across the Internal resistance of 
the switching system and the copper wire pair that connect this system to the 
telephone. The only important component of this equation is the amount of 
current flowing in the complete loop. Most single-station telephones require at 
least 20mA for satisfactory operation. Therefore, the amount of voltage that a 
switch provides is mainly dependent upon the average distance between the 
switch and the telephone. Once this Is understood, it is easy to see why most 
switches that are located In heavily populated urban areas supply the 45-55 
VDC needed for loops of four miles or less, while switches that provide service 
to rural areas may need loop extenders for loops of up to eight miles, while 
small town switches and PBX's need only 24 VDC supplies for loops up to 1000 
feet. i 
If a voltage meter Is placed across a typlcal telephone palr, the voltage read in 
the on-hook state wlll be the entlre supply of the swltch due to the fact that the 
telephone is providing an open In parallel with the meter. When the telephone 
closes the loop, causing current to flow, the line Is now considered off-hook and 
the voltage read across the line depends entirely on where you are located in 
the loop. If the supply of a certain switch is 48 VDC and the meter is placed at 
the point where the outside plant wiring Is connected to the swltch, the reading 
taken could be as high as 36-40 VDC due to the fact that the meter is in parallel 
with the entire loop external to the switch, Including the telephone. On the other 
hand, if the meter is placed directly across the phone at the customer location, 
the reading could be as low as 5 VDC since only the small resistance of the 
telephone is in parallel with the meter. 

The PHD Telecommunicator uses exactly this technique to determine the on- 
hookloff-hook status of the line and to capture dial pulses, which are nothing 
more than a rapid pattern of on-hook and off-hook transitions called break and 

! 
make cycles. However, since the PHD Telecommunicator was designed for use 
at the switch site, as well as, the customer location, the voltage reference that is 
compared to the line voltage must be adjustable. This is accomplished by using 
a small screwdriver to turn the off-hook threshold potentiometer which is located 
on the back of the unit directly behind the speaker. This potentiometer is 
adjustable from approximately 9 VDC - 45 VDC which should provide an 
adequate range for any application. Figure 6 shows the location of the highest 



Figure 5  

The DIGIT DISPLAY is compatible with the TIM switch in either position. In the 
M mode, the LCD will display line status, dialed digits and several other 
parameters that are created by the activity of the device that terminates the line 
(PBX, KSU or single-station phone). In the T mode, the same information will be 
displayed but it is created by the butt-set features of the PHD Telecommunicator 
itself. This is because the microprocessor is completely unaware that the DIGIT 
DISPLAY and the telephone circuitry are in the same physical package and 
treats the telephone circuitry the same as any other device that seizes the line 
and dials. 

The main point of this discussion is to make you aware of the fact that the PHD 
Telecommunicator actually tests itself when placed In the T mode. This can be 
very helpful in certain situations because you can actually compare the PHD 
Telecommunicator with the device you are attempting to diagnose. 

4.2 Liquld Crystal Display (LCD) 

The display consists of two (2) rows of sixteen (16) characters each. Each 
character is made up of a five by seven dot matrix which provides greater 
resolution than many LCD's and also allows the use of the full range of standard 
typewritten characters. This makes the PHD Teiecommunicator's display easy 
to read and understand. 

There are, however, two areas that the LCD is less than perfect. First, the LCD 
tends to be difficult to read in very bright light, such as sunlight, or in very dim 
light. Secondly, the LCD is very sensitive to the cold. If the temperature falls 
below 32 degrees F, you will notice that the display may appear darker that 
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Figure 10 

Figure 10, once again, shows the same call record as Figures 8 and 9 but the 
cursor is now under one of the PHD Telecommunicator's custom characters, 
known as the Zero Volt Interval. Since the character is not a tone, no dB level is 
displayed. Therefore, the only information that can be captured is: the onloff 
time; (whlch is the amount of time the Zero Volt Interval was present, followed 
by the elapsed time between the end of the event and the beginning of the next). 
The range of the tlmer is 0.001 to 9.9 seconds. In the above example, the event 
is displayed as lasting ,100, which equals lOOllOOOth of a second, or 100 
milliseconds, while the off time Is displayed as 4.9 and is read as 4.9 seconds. 

Although many different terms have been used In this section, all of which mean 
different things depending on the context in which they are used, it is interesting 
to note that, from an electrical standpoint, the terms "make cycle", "interdigit 
time", "DTMF off-time" and custom character "off-time" are all identical in 
function and simply mean that there is a stable DC voltage dropped across the 
test leads of the PHD Telecommunicator that is below the off-hook threshold 
and has no appreciable AC components. 

4.6 Custom Characters 

As previously mentioned, any character that has a numerical value of 0-9 is a 
dialed digit that was transmitted in either rotary dial pulse or DTMF. The 
difference can be determined by the format of the bottom row parameter 
display. In addition, the DTMF characters ', #, A, B. C, and D are displayed 
exactly as they appear on the keypad. The other five ( 5 )  characters that may 
appear on the display are custom characters that were created especially for the 
PHD Telecommunicator. Each of these characters is created by a specific event 
that occurs during typical telephone line usage. The definition of each character 
and the associated event that creates it is as follows: 

..... .. .. ... ..... 
This Is called the LINE STATUS ON-HOOK. This occurs whenever the 
line voltage rises above the OFF-HOOK threshold for at least 150 
milliseconds and will continue to be displayed until replaced with one of 
the next two characters. This character will only be displayed in the 
first space of the top row. 
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::::: This is called the LlNE STATUS OFF-HOOK. This occurs whenever 

the line voltage falls below the OFF-HOOK threshold for at least 100 
milliseconds and will continue to be displayed until replaced by either 
the ON-HOOK version of this character or the next character. This 
character will only be displayed in the first space of the top row. 
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This is called the ZERO VOLT INTERVAL. This occurs whenever there 
is less than 3 volts of potential across the line for at least 50 
milliseconds. This character may be present in the first space of the 
top row if the display has been cleared (see Section 4-7) and the test 
leads are not connected to anything or are connected to an idle ground 
start trunk. This character may also be present in any other space on 
the display which will indicate that the telephone switch battery has 
been removed from the line. This occurs regularly on most switches 
just before dial tone is generated or as the call is switched after 
completion of dialing. This is not the same as the break cycle of a 
rotary dial pulse which occurs when the line voltage rises above the 
OFF-HOOK threshold, though no current will flow during either event. 
The bottom row parameter for this event is shown in Figure 10, with 
the on-time indicating the length of the event (usually 50-150 
milliseconds). ri .. .. 
This Is called the LONG PULSE INTERVAL. The criterla for this event 
is the same as the LlNE STATUS ON-HOOK (above) but It Is displayed 
in the call record at the point where it occurs. This character Is usually 
created by a hook-flash or a legitimate ON-HOOK which may last any 
length of time. In this second case, you will only see this character if 
you do not clear the display before a new OFF-HOOK occurs, due to 
the fact that characters are not displayed until an event ends. The 
bottom row parameter for this event is shown in Figure 10, with the on- 
time indicating the length of the event. Frequently, thls time will be 
shown with an up-arrow in front of 9.9 seconds, since this is the limits 
of the timer. . . ... . . 
This is called the IN-BAND TONE INDICATOR. The criteria for this 
event is the presence of any non-DTMF tone on the line for at least 500 
milliseconds, that is between 300-3000 Hz and has a level of at least - 
24 dB which does not fluctuate more than 3 dB. This character Is 
usually created by dial tone or ring back. In this second case, the 
software will not allow consecutive characters of this type to be 
displayed next to each other. Instead a single character will be shown 
but as soon as the first tone has ended, the onloff time of the bottom 

I Figure 4 I 
When placed in the PULSE position, the PHD Telecommunicator will generate 
precise dial pulses at a rate of twelve (12) pulses per second, with a break cycle 
of 60%. Only ten (10) keys are active in this mode, with the available character 
set consisting of the standard rotary dial telephone numerals 0 through 9. 

SECTION 4: DlGlT DISPLAY FEATURES 

4.1 General I 
Figure 5 shows the location of the DIGIT DlSPLAYlDMM switch in the middle of 
the five (5) switches that are mounted in the front panel of the hand grip portion 
of the PHD Telecommunicator. This switch serves two purposes: it acts as a 

I 
hardware flag that tells the microprocessor to look at the DlGlT DISPLAY or the 
DMM circuitry and it disconnects the mA portion of the VlmA switch to provide 
extra protection agalnst accidental use. Since this switch does not disconnect 
the DlGlT DISPLAY or DMM-V circuits when it is in the opposite position, these 
circuits exist in parallel, but still present a very high DC resistance and AC 
impedance to the line (see Section 6). 

row parameter will begin to toggle back-and-forth with each new ring. 
This feature keeps the display from being filled with ring-back signals. 
The format for the bottom row parameter is the same as for DTMF, as 
shown in Figure 8, with the onloff time indicated for the last cycle only. 



"Excessive delay" is generally caused by consistent, but not necessarily loud, 
background noise in the immediate vicinity of the PHD Telecommunicator. If 
this occurs, try turning off any noise-producing devices such as radios, copiers 
or typewriters, if possible. 

Even if you do not experience either of the above problems, speakerphone 
performance is always improved by following several basic rules: 

1. Make sure you have the best possible telephone connection. 

2. Try to eliminate all or as much background noise as possible from the 
environment around the PHD Telecommunicator. 

3. When speaking, face the microphone and speak firmly. 

i 4. When listening, be as quiet as possible. 

1 5. Do' not try to talk over the other person. Wait quietly until there is a 
break in their conversation and you hear the speaker volume go down 
before beginning to speak. 

If you find that you cannot use the NORMIHF feature at a particular location, 
simply move the NORMIHF back to NORM and use the PHD 
Telecommunicator as a hand-held butt-set. 

I 
3.7 T (Talk) Dialing Mode Selection 

Figure 4 shows the location of the TONUPULSE switch which Is used to select 
the type of dialing provided by the PHD Telecommunicator. When placed in the 
TONE position, the PHD Telecommunicator will dial in DTMF. All sixteen (16) 
keys on the keypad are active In this mode, with the character set consisting of 
the twelve standard characters of 0 through 9, ', and # plus A, 6, C, and D 1 (typically called fourth column or military tones). 

4.7 CLEAR Key 

This key has several uses that have already been described in Section 2. 
However, the primary function of this key is to clear the display of all data that 
was captured for the last call record. Simply press this key once and the display 
will be cleared except for the first space of the top row which always indicates 
the current line status. 

4.8 SCAN Key 

Until now, the DIGIT DISPLAY has been discussed in terms of "real time". 
While it is true that this feature operates with only a slight delay that is caused 
by the need to wait for timing data, many events simply occur too fast to allow 
the bottom row of parameters to be adequately reviewed. By using the SCAN 
key, you can review previously stored data during the progress of a call or after 
completion. 

As described, the cursor rests under the last character that is displayed, with the 
bottom row of the display indicating the parameters for this individual character. 
The SCAN key moves the cursor one space each time it is depressed, moving 
left to right. Upon reaching the last space of the top row it will move to the first 
space of the bottom row and then return to the second space of the top row, at 
which time the parameters for that character will re-appear on the bottom row. If 
the display is not completely full, the cursor will skip all empty spaces for faster 
return. If you use the SCAN key while a call is still in progress, you will notice 
that new characters are written to the display in proper sequence, but the cursor 
will remain where you placed it, with the new parameters for that character 
displayed on the bottom row of the LCD. The parameters associated with these 
new characters that are displayed during the SCAN process have not been lost 
but have been placed into memory. To view these parameters, simply move the 
cursor under each character and they will appear on the bottom row. 

As you may have noticed, the complete cursor cycle around the LCD seemed to 
stop on the fist space of the bottom row without reason. If you will recall, the 
complete cycle is only required if the display is completely full. Up until now. we 
have discussed this top row as displaying events characters and the bottom row 
displaying event parameters only. While this is true for the first fifteen (15) 
characters (full top row), the bottom row serves a second purpose should a 
sixteenth character be created. If this occurs, the bottom row will begln to 
display event characters until full (16 characters). However, no parameters are 
captured for these bottom row characters. This is why the cursor stops at the 
first space on the bottom row. Since these characters have no parameters 
associated with them, there is no need for the cursor to move under each one. 
Instead, it simply stops at the first space and displays the entire row of 
characters before returning to the top row. 



4.9 dB Bar Graph 3.4 T (Talk): General 

Figure 11 shows the correct front panel switch positions required to select this 
feature. As you will notice, the ACIDC and VlmA switches appear to be set to 
AC and mA. These switches actually serve a dual purpose and select dB BAR 
GRAPH when the DlGlT DlSPLAYlDMM switch is set to DlGlT DISPLAY. Be 
suro that t l~is switclr is set prop@rly to avoid placi~ig the 1 ohm mA measuring 
circuit across the line, which would occur if this switch is accidentally set to 
DMM. 

I Fiaure 11 I 

This display feature is produced by the same circuit that produces the bottom 
row event parameter of dB for tone. This display is completely interactive with 
the DlGlT DISPLAY and may be viewed while new characters are captured and 
retained in memory for review with the SCAN feature after returning to DlGlT 
DISPLAY from dB BAR GRAPH. 

The purpose of this feature is to provide a "real time" visual indication of tone 
level activity. Figure 11 shows the display format for this feature, which has a 
large bar that moves from left to right as the signal level increases. The scale 
for this meter is calibrated in 3 dB steps with the -27, -21, -15, -9 and -3 steps 

This mode is selected by placing the TIM (TalWMonitor) switch in the T mode. 
I 

This switch setting will place the voice hybrid network, tone dialer and pulse 
dialer across the telephone line to allow outbound calling. Collectively, these 
circuits exhibit a low DC resistance (see Sectlon 6), whlch allow adequate 
current to flow In the loop to trip the off-hook Indicator and dial tone generator in 
the telephone switch. As previously described in paragraph 2-3. the T mode 
should never be selected when the PHD Telecommunicator is connected to any 
voltage source other than a telephone line. When using the PHD 
Telecommunicator as a DMM to read the voltage of any non-telephone line 
source (see Sectlon 5), be sure to check the TIM swltch to see that it is In the M 
position before connecting the test leads. This warning applies even when the 
ONIOFFNOLUME control is OFF. WARNING: Failure t o  check thls switch 1 
when using the PHD Telecommunlcator I n  thls manner could result In a 
blown fuse or a damaged unlt. 

I 
3.5 T (Talk) I NORM (Normal) Mode I 
This mode is selected by placing the NORM (Normal) I HF (Hands-free) switch 

I 

in the HF position. This will fix the volume of the speaker at a level which will 
allow the PHD Telecommunicator to be used In a similar manner es other butt- 
sets, with the speaker placed directly to the ear. This mode is best used for 
quiet conversation where you do not want others to hear the called party. 

3.6 T (Talk) I HF (Hands-Free) Mode I 

Thls mode is selected by placing the NORM (Normal) 1 HF (Hands-free) switch 
In the HF posttlon. Thls changes the PHD Telecommunicator from typlcal butt- 
set usage Into a full-featured, hands-free speakerphone. The speaker volume 
may be adjusted by using the ONIOFFNOLUME control, while the microphone 
level is controlled by internal circuitry for best overall performance. 

As with all speakerphones, you will notice a slight delay after you stop talking 
before you hear the speaker volume return to the adjusted receive level. This is 
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due to the fact that the speaker and the microphone cannot be connected to the 
line at the same time because they would feedback continuously. To overcome 
this problem, all speakerphones have a circuit that switches these components 
in and out based on the determination of which party is speaking and which 
party is listening. This determination is made by comparing the level of sound 
occurring on the telephone line with that of the microphone. The slight delay 
that is heard is due to a time-out circuit that decides when to make the 
transition from one mode to another. 

Although circuits associated with this feature have been designed to provide the 
best possible operation in most situations, you may experience either "cutting in 
and out" or "excessive delay". I 

"Cutting in and out" is generally caused by low voice andlor high noise on the 
telephone line where very little difference is detected in level between talking 
and listening. If this occurs, try calling back in hopes of finding a cleaner circuit. 



3.2 M (Monitor) l NORM (Normal) Mode 

Figure 3 shows the location of the NORM (Normal) I HF (Hands-free) switch. 
This mode is selected by placing the NORMIHF switch in the NORM position. 
This will fix the volume of the speaker at a level which will allow the PHD 
Telecommunicator to be used in a similar manner as other butt-sets, with the 
speaker placed to the ear. This mode is best used for quiet monitoring where 
you do not want others to hear the monitored call. 

Figure 3 

3.3 M (Monitor) 1 HF (Hands-Free) Mode 

This mode is selected by placing the NORM (Normal) I HF (Hands-free) switch 
in the HF position. Thls will allow the volume of the speaker to be adjusted by 
using the thumb-wheel, ONIOFFNOLUME, control located on the left side of 
the unit. The PHD Telecommunicator can then be placed on any flat surface or 
hung by its hook, located on the rear of the unit, to provide hands-free 
monitoring of the line. This mode is best used in situations where you need to 
daignose something or make an adjustment in another area of a telephone 
room while continuing to monitor the line, or when more than one person needs 
to listen to line activity. 

CAUTION: The volume of the PHD Telecommunicator in this mode may 
surprise you. To keep from accidentally broadcasting a monitored call beyond 
your irnmedlate area, it is a good idea to turn the volume all the way down 
before selecting the HF mode. 

displayed. The blocks between these steps do not have their value displayed on 
the scale due to the limited space on the display, but are -24, -18, -12 and -6 
dB. In addition, any reading of 0 dB or greater is indicated by a right-hand 
arrow, while tones less than -27 dB cannot be detected and are indicated by a 
left-hand arrow. 

The circuit that determines these levels is generally called dB (relative). 
However, if the device that terminates the telephone line has an AC impedance 
of 600 ohms at the appropriate test tone frequency, then the meter can be read 
as dBm. The PHD Telecommunicator butt-set feature (T) was not designed to 
present a precise 600 ohm AC impedance for this purpose. However, an 
optional 600 ohm (resistive) plug is available to provide this feature. This plug is 
designed to fit into any of the quick-connect PHD Telecommunicator cord sets 
(see Section 6). 

SECTION 5: DMM FEATURES 

5.1 General 

Figure 12 shows the location of the three front panel switches associated with 
the DMM features of the PHD Telecommunicator. As indicated, the DIGIT 
DlSPLAYlDMM switch must be set to DMM, while the AClDC and VlmA 
switches may be set In various combinations to select the desired function. As 
stated In Sectlons 2 and 3, extreme caution must be exercised before using thls 
function. This is particularly true if you are dealing with a voltage source other 
than a telephone line. In this case, you should definitely make sure that the TIM 
switch if firmly set to M. 

I 

Figure 12 



The circuit that determines the readings for each function was designed to be 
fully auto ranging throughout the 0.0 to 199.9 range (V or mA). Bearing in mind 
that the PHD Telecommunicator was intended primarily for use on telephone 
lines, a slight compromise was made in accuracy to accommodate this auto 
ranging function. The stated accuracy of this circuit must be +/-I% of the full 
scale in any mode. However, actual testing to date indicates that the average 
unit possesses a greater degree of accuracy than expected. While we cannot 
guarantee better results that our stated accuracy, we would suggest that you 
compare your PHD Telecommunicator with another high-quality meter to 
determine what the difference exists between the two. If you perform this 
experiment, you should notice the greatest offset at the very low range of 3 or 
less. You may also notice a small offset with the unit itself when taking opposite 
polarity readings in this range, using the same source. Nevertheless, we are 
satisfied that the accuracy of the PHD Telecornmunicator is more than 
adequate withln the range that would typically be required to perform testing on 
most telephone lines. 

Another subject that needs explanation is the color coding if the test leads. As 
mentioned in Section 2, the test leads of the PHD Telecommunicator are color- 
coded according to industry standards (red is ring). Since both the butt-set 
features and the DMM features are served by the same test leads, the color- 
coding is common to both. Since the standard for DMM test leads is that red is 
the most positive, the PHD Telecommunicator was designed to comply with this 
standard. This may confuse some persons when taking a reading on a 
telephone line because the ring side of the line should be the most negative of 
the pair, which means that the PHD Telecommunicator will provlde a negative 
reading. Actually, this turns out to be correct since the black lead of a DMM 
should always be connected to ground and the tip side of the line Is the ground 
for the circuit. This means that the battery side if the line, or ring, is at a 
negative voltage with respect to ground, or tip. Therefore, any negative reading 
on a telephone llne Is correct polarity. 

If you take the suggestion offered In Section 2 of leaving the front panel 
switches in the "up" position as the "normal" mode, then simply moving the 
DlGlT DlSPLAYlDMM switch to DMM will serve as a qulck polarity check of the 
line. this is a great improvement over the old-style polarity button found on most 
other butt-sets, which draws significant current from the line and creates audible 
"clicks" that can be heard by the parties on a monitored line. 

5.2 DC Volts 

This mode is selected by moving the VlmA switch to V and the AClDC switch to 
DC. The LCD will display the format shown in Figure 13 and the value will 
appear with proper polarity sign (no sign for positive, - for negative). This mode 
may be used in either T or M on telephone lines due to the high DC resistance 
of this circuit. If you wish to check the voltage of something other than a 
telephone line, this circuit will not be damaged, but be sure that the TIM switch 
is in M to avoid damaging the butt-set circuit or blowing the fuse. 

WARNING: Both of these circuits will allow enough current to flow through the 
PHD Telecommunicator to blow the fuse if connected to a voltage source 
without adequate series resistance. Since all telephone lines have built-in 
resistance that effectively limits current flow, you should never have to replace 
the fuse in the PHD Telecommunicator if its use is limited to this area. 

Regardless of application, it is a good idea to position all five (5) of the front 
panel switches and the single right-side switch in the "up" position between I 

feature selection. By restoring the switches to this position at every opportunity, I 
you will become accustomed to this appearance as the "normal" mode for i 
each switch and will be less likely to leave any switch in a position that could I 

blow the fuse when the unlt Is connected to a different source. In addition to 
being a good safety precaution, you should find that the "up" position for each 
switch will provide the feature selection that Is used the majority of the time. ! 
2.4 Checking the Fuse 

The PHD Telecommunicator was designed in such a way that only those 
portions of the devlce that might be harmed by high current are fused. This 
means the PHD Telecommunlcator will still be a useful tool should you 
accidentally blow the fuse without a replacement handy. Specifically, the DlGlT 
DISPLAY and the audio monitor (Including both NORMAL and HANDS-FREE 

I 
modes), will continue to work properly (see Sections 3 and 4). The DMM 
displays will appear in their proper format when selected but will exhibit no 
reading (with the exception of DC volts which may read 1.5 VDC or less due to 
some common circuitry being shared wlth the DlGlT DISPLAY function). The 
most obvious symptom of e blown fuse is the loss of the butt-set features, 
including the ability to selze the line or dial in either tone or pulse. Should your 
PHD Telecommunicator exhlblt any of these symptoms, replace the fuse as 
previously described In Sectlon 1.4. 

2.5 Test Leads I 
The PHD Telecommunicator comes equipped with a pair of industry standard 
butt-set type test leads that terminate in 66 block clips. As is typical of most 
other sets, the red lead is the ring side of the line and the black lead is the tip or 

I 
ground. 

I 
SECTION 3: BUTTSET FEATURES I 
3.1 M (Monitor) Mode: General I 
The T (Talk) I M (Monitor) switch is located on the right side of the unit (see 
Figure 1, Item 12). When this switch is placed in the M position, the PHD 
Telecommunicator represents a high DC resistance and AC impedance to the 
telephone line (see Section 6). This is desirable for monitoring line status and 
audio activity without significantly influencing elther. However, this is only true if 
the VlmA switch is in the V position. In the mA position, this switch will place a 
1 ohm resistor in parallel with the monitor circuit, effectively shorting it and the 
telephone line at the same time (see Section 5). 
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2.3 Switch Interaction 

Before attempting to connect the test leads of the PHD Telecommunicator to 
any voltage source, you should thoroughly understand the internal circuitry of 
the unit as controlled by the five (5) white front panel mounted switches and the 
single black right-side mounted switch. 

Figure 2 is a block diagram that represents the three main connections that are 
made through the PHD ~elecommunicator between its test leads. Since the 
PHD Telecommunicator was designed to be used as a telephone line test 
device, the DC resistance of each connection was carefully calculated to provide 
adequate sensitivity while insuring that the total loop resistance of the line is not 
affected by the presence of the PHD Telecommunicator. While this is true for 
the DIGIT DISPLAY and DMM-Volts circuits, which present a very high 
resistance across the line, the DMM-mA and the telephone network behave in 
the opposite manner since they present a very low resistance across the line. 

Figure 13 I 
5.3 AC Volts 

Thls mode Is selected by movlng the VlmA switch to V end the AClDC switch to 
AC. The LCD will display the format shown in Figure 14 and the value will 
appear without a polarity sign (no sign necessary for AC volts). This mode was 
designed to be used on telephone lines in the M switch position to monitor 
ringing voltage. While no damage will come to the unit from use on a telephone 
line in T, i t  is highly unlikely that any appreciable reading will be found. If you 
wish to check the voltage of something other than a telephone line, this circuit 
will not be damaged, but the TIM switch must be in M to avoid damaging the 
butt-set circuit or blowing the fuse. However, i f  you use the PHD 
Telecommunicator to measure high-voltage sources such as commercial power 
(110 VAC), do not use the standard 66 block test clips for this purpose. These 
clips are of typical design to provide functional connections to typical telephone 
type blocks but will not fit into AC sockets, nor can they be grasped far enough 
away from the exposed metal portion to avoid any potentially harmful electrical 
shock. Optional, quick-connect meter style test probes may be purchased if you 
wish to use the PHD Telecommunlcator for thls purpose. g1 ...... :.s; : .  

e . . . ...* 
Figure 14 

This mode is selected by moving the VlmA switch to mA and the AClDC switch 
to DC. The LCD will display the format shown In Figure 15 and the value will 
appear with proper polarity sign (no sign for positive, - sign for negative). Before 
selecting this mode, be sure that you have a good idea of what current level is 
to be expected. Please remember that this switch setting places only one (1) 
ohm of resistance between the test leads, effectively creating a "dead short" 
condition. Also, remember that the fuse size is 314 amp or 250mA and can be 



blown by any voltage source that supplies as little as 314 volt, provided that the 
current rating is high enough. 

To take a current reading on a telephone line, you must be in series with the 
circuit. The best place to do this is to remove the bridging clip from either side 
of the line and place one test clip on each side of the gap created by the 
removal of the clip. 

..... 

Figure 15 

This mode is NOT a valid feature selection on the PHD Telecommunlcator. 
While no harm will come to the unit by accidentally selecting this instead of 
DCmA, the one ( I )  ohm mA circuit is connected by the mA switch regardless of 
the posltion of the AClDC swltch. Figure 16 shows the error message that will 
be displayed If this switch setting Is selected. 

...... ... 1.-: ..... : r :;...I . I....= : 2. . 
Figure 16 

5.6 Over Range Indication 

Should the measurement of elther V or mA exceed the limlt of the dlsplay, the 
indication shown In Figure 17 will appear in the space where the value is usually 
displayed. 

1.4 Replaclng the Fuse 

The fuse holder is located on the right side (display facing you) of the hand grip. 
Insert a small screwdriver or your fingernail into the slot on the fuse holder 
cover and gently push while turning the cover one-quarter turn counter- 
clockwise. Release the pressure and the entire assembly will be released and 
can easily be removed. Remove the fuse from the fuse holder assembly and 
replace with a new 3AG 114 amp type. (NEVER REPLACE WITH A LARGER 
FUSE AS SERIOUS DAMAGE TO THE PHD TELECOMMUNICATOR MAY 
OCCUR.) 

SECTION 2: BASIC OPERATION 
I 

2.1 Power-On Sequence 
I 

Before turning on the PHD Telecommunicator, acquaint yourself with the 
location of each item shown in Figure 1. Once you have done this, turn the PHD 
Telecommunicator on by rotating the thumbwheel (ONIOFFNOLUME) control 
down or counter-clockwise. You should hear an immediate "click from the 
thumbwheel control which indicates the " O N  position has been reached. You 
need not rotate the control any further at this point. As soon as power is applied 
to the unit, the sign-on messages will appear on the Liquid Crystal Display 
(LCD). There are two messages, each lasting one second each. These 
messages are as follows: 

1. P H D , ~ ~  Copyright 2. BATTERY SUPPLY 
1985 by ZIAD, INC IS OKAY I 

If these messages are not displayed immediately, press the CLEAR key. If the 
unit still fails to produce the sign-on messages, check the batteries for proper 
installation and repeat the above steps. 

2.2 Battery Low lndication ! 
If the second of the two sign-on messages appears as "BATTERY SUPPLY IS 
LOW" instead of "BATTERY SUPPLY IS OKAY" as previously described, this is 
an indication that the batteries have discharged sufficiently to trip a circuit within 
the PHD Telecommunicator which creates the above message. This will occur 
'when the battery voltage has dropped to approximately 4.75 VDC. The unit 
should continue to operate for some time after the first appearance of this 
message. 

To view battery status or to reset the microprocessor without turning the PHD 
Telecommunicator "OFF and " O N  again, simply press and hold the SCAN key, 
press and release the CLEAR key, then release the SCAN key. This will 
generate the sign-on messages as previously described. Although this should 
rarely be needed, ceratin functions may cause "brown out" problems when the 
unit is in the "low battery" state. Symptoms of this condltlon would be the fallure 
of the CLEAR key to reset the display or failure of the LCD to change displays 
when various modes are selected. 



1. Display Contrast Potentiometer 10. Liquid Crystal Display 
2. Speaker 1 1. Off-Hook Threshold Potentiometer 
3. ONIOFFNOLUME Control 12. TalWMonitor Switch 
4. Clear Key 13. Scan Key 
5. DIGIT DISPLAYIDMM 14. Fuse 
6. DCIAC Switch 15. NormallHands-Free Switch 
7. VlmA Switch 16. TonelPulse Switch 
8. 4 x 4 Telephone Keypad 17. Microphone 
9. Battery Compartment 18. 66 Block Test Clips 

NOTE: 'The block diagram of the PIiD Telecommunlcator (Figure 2 )  on Page 5 
indicates that the DMM-Volts circuit has a DC resistance of 1M ohm, while the 
DIGIT DISPLAY has a DC resistance of 130K ohms. Since these two circuits 
are connected in parallel and are not switched, the total resistive equivalent of 
the PHD Telecommunicator in the M (Monitor) mode is 115K ohms, as noted in 
Section 6. While this is somewhat lower than most DMM's, it is more than 
adequate to provide accuracy within 1% when reading open-circuit (on-hook) 
voltage of typical telephone lines. As an example, the PHD Telecommunicator 
reading taken on a phone line that has a 50 VDC battery and 1150 ohms of 
external resistance would be displayed as 49.5 VDC (1% or 0.5 VDC low) due to 
the fact that the PHD Telecornrnunicator is in series with the external load, 
which accounts for 1% of the total resistance. This small discrepancy is inherent 
in all DMM's and only reading the voltage drop (closed-circuit) across a 
resistance that is substantial when compared to the meter. Readings taken of 
voltage sources which do not have any series resistance, such as batteries, 
power supplies or commercial AC power, will be even more accurate than 1%. 

As with all DMM's, the accuracy of the reading taken by the PHD 
Telecommunicator depends on a thorough knowledge of the circuit involved, the 
internal resistance of the meter itself and Ohm's Law. 

Supplied standard - for optlonal test leads see Section 6. I 
Figure 1 



SECTION 6: SPECIFICATIONS SECTION 1: GENERAL 

6.1 Telephone Functions 
1. DC reslstance - Monitor 

DC resistance - Talk 
AC Impedance - Talk 

2. Minimum voltage across tip L ring - Talk 
3. DTMF dlai level 
4. DTMFMst 
5. DTMF frequency deviation 
6. Dial pulse dlallng speed 
7. Dial pulse break percentage 
8. Ringer Equivalency 

6.2 Digit Display Function 
1. Min. DTMF receive time 
2. Min. DTMF receive level 
3. Max. DTMF recelve level 
4. Max. Twist 
5. Max. Frequency Deviation 
6. DTMF dlsplay On1011 time range 
7. Min. Dial Pulse receive rate 
8. Max. Dial Pulse receive rate 
9. Min. Dial Pulse receive break % 
10. Max. Dial Pulse receive break % 
11. Min. Dial Pulse receive Interdigit time 
12. Mln. In-Band tone presence 
13. Min. In-Band tone level 
14. Max. In-Band tone fluctuation 
15. Min. Long Pulse (hookflash) presence 
16. Min. Zero Volt (wink) presence 
17. Off-HookIDial Pulse threshold 

6.3 Digltal Multl-Meter Function 
1. DC Voltage Range 
2. AC Voltage Range (all +I- 1 % Full Scale) 
3. DC Current Range 

6.4 Physical 
1. Size 
2. Weight 
3. Case Material 
4. Test Leads 
5. Batlery Type 
6. Fuse 
7. Carrying Case 

1 15K ohms 
250 ohms @ 20mA 

600 ohms @ 42 mAb 
3 VDC 

-3 dBm @ 20mA 
+3 dB 

+I- 0.75% 
12 p.p.s. 

60% 
0.0 dB 

40 mS 
-27 dBm 

0 dBm 
+I- 10 dB 

+I- 1.5% or +I-2 Hz 
40 mS to 9.9 S 

5 PPS 
20 PPS 

50% 
75% 

100 mS 
500 mS 
-24 dBm 

3 dB or less 
150 mS 
50 mS 

adjustable 9-45 VDC 

000.0 - 199.9 VDC 
000.0 - 199.9 VAC 

000.0 - 199.9 mADC 

10.25" x 3.25" x 1.5" 
24 oz 

Hlgh Impact ABS 
4' w166 block clips*' 

1.5 VDC "AA" type (4 req'd) 
3 AG type, 114 AMP 

Double wall, foam lined 
polyethylene 

S~ecifications subject to revision without notice 
I A-. 

As noted on page 19, the AC impedance of the PHD Telecommunicator is not a precise 
600 ohms. An optional in-line quick connect adapter to the cord set can be supplied for 
thls purpose (at an additional cost). This adapter also supplies a ground start feature. 

" Supplied standard. Optional quick-connect cord sets include: 309, 310 and bantam 
plugs, male RJ-11 and meter-style test probes (at an additional cost.) 

I .I Introduction 

The PHD Telecommunicator is an enhanced test set which integrates all of the 
features provided by an ordinary butt-set with a hands-free monitoring device, a 
speakerphone, a 4x4 telephone keypad with fourth column dialing and a digital 
multi-meter in one compact, portable device. 

In addition to these features, the PHD Telecommunicator contains Ziad's, 
exclusive DIGIT DISPLAY feature. Thls feature captures and displays the 
values of all pulse and tone dialed digits, including percent break, pulses per 
second and interdigit time (pulse), or on-time, off-time and dB level (tones) . 
The DIGIT DISPLAY also monitors the line status (on-hook, off-hook), zero volt 
or wink intervals and non-DTMF voice band tones. 

Due to the sophisticated nature of the PHD Telecommunicator, a thorough 
understanding of this manual is required before attempting operation. 
(FAILURE TO UNDERSTAND THE INTERACTION OF VARIOUS FEATURES 
COULD RESULT IN POTENTIAL DAMAOE TO YOUR UNIT.) 

1.2 Unpacking the Unit 

Each PHD Telecommunicator Is shlpped from the factory In a corrugated carton 
that contains an Inner case made of high-Impact double walled plastic. This 
foam lined plastic case Is designed to be used as a permanent carrying case for 
the unit. The PHD Telecommunlcator is a complex, microprocessor based. 
electronic device and should be treated with care. We strongly suggest that the 
unit be kept in its carrying case when not In use. 

1.3 lnstalllng the Batteries I 
The battery compartment is located on the back of the unit, directly behind the 
keypad. Using a Philips-head screwdriver, remove the elnale screw at the top of 
the compartment lid. Once this screw Is removed, the lid wlii swing out from the 
top until the two tabs that anchor the bottom of the lid become free, at which 

! 
point the lid can be removed. When installing batteries, be sure that the polarity 
symbols (+ and -) on the batteries match those embossed on the bottom of the 
battery compartment. Turn power on unit to see that it operates properly. If not, 
remove the batteries promptly as they could become damaged if left in the 
incorrect position for an extended period of time.When replacing batteries in the 
future, use only high quality alkaline cells. These cells have lower impedance 
than conventional cells and will guarantee better operation of the PHD 
Telecommunicator's sensitive audio circuits. 

NEVER leave discharged batteries in the PHD Telecommunicator for prolonged 
periods of time, they may leak and damage the unlt. If lengthy storage of the 
unit is required, remove the batteries regardless of age or charge. 

2 
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WARRANTY 

NOTWITHSTANDING ANY PROVl$lON OF ANY AGREEMENT THE FOLLOWING IS 
EXCLUSIVE: 

Eled , Inc .wenwdscrach~mant I Imwrufaot~bk l rcb l rom~inmr jkar la land  
wdmanshlp ulnder normal wa and sewbx for Um rlod of 180 dens horn WMe of 
p u r c h .  mk warranty mtmb only to the o r W  p i h a m .  w wsmr'nty d.raW mt a m  b 
fuSes, ckposable M e t b  r atw other Woduct or ~arBe vrhloh hsve b8en wbkd to mlsusc. 

In the event of failure of a praduol cmwd by tM warranty, Zlad, Inc. WI mpalr and c d M  
a n i n a t r u m e n t r e t u m e e l t o a n ~ ~ ~ w l B r l n  1 ~ d a ~ ~ a f t h a o r l a k r r l ~ h a s e  
~ t h e ~ E l p n h w t l a r ~ 1 6 ~ ~ ( h a ~ - ~ ~ w w ,  
defeotkrs. Tho wernnkDF my, at b option, replaw the produet In lieu of repair. Wtth mgard to 
any instrumsntrelumcdwlth lWdaygofthaorlghwlpu~, s a l d r e p e l m a r r e p l ~ w i l l  
bmadewlVlout~.MthehlkrrehwbsenowJeedbymlsusa,nQglect,Pedd~or 
~ a l c a n d O t l a t u c B ~ , ~ n r ~ b e W d a n o m l n s l ~ t . k r ~ u r h c a s e , m  
~ ~ w l l l b e ~ ~ r r b r l c I s ~ r t e d , l l r e q u ~ .  

r 

M E  FOREGOING WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESS 
QW IMPLIED, INCLUDING, BUT MOT W E D  TO, ANY IMPLIED WARRANTY OF 
WRCHAMTABILITY, FltMESei QFi ADEQUACY FOR ANY PARTlCULAR PURPOSE OR 
ME. ZIAD. INC. SHALL NOT BE LIABLE FOR ANY 6PTCIAL, INCIDENTAL, OR 
CONSEQUENTIAL DAMAGES, WHETHER IN CONTRACT, TORT, OR OTHERWISE. 

fallurn occurs, the fdlwulnyl abp8 should be bW. 

2. On redpt  d the Return Mmhandkr AulholPmatkn (RMA), donnard Nhe Instrument, 
prepaid. Repah will k mada at the m v h  facMy and the Int3hument 

redurnad, transpoM prepld. 

WIPPIN@TO MANUFACTURER FOR REPAIR OR ADJUSTMENT: 

All W$menfa of ZiM, Im. ltWvme& shwld be vla Un#ad P a d  Servica or "Beat 
. the tnstnunw bhoukl be shipped in ke nlglnd pecking &on, or If not 

mshble, ,uw any sultabls fwntalner that is rlgid and d adequate s4e. If a sultaMs container is 
mt u e J  the I-W shQuld be wnpped In papar and surrounded rRUl at lead four Inch* 
4eixaMor or sirnhr s h o d c e l n ~  mahlal. 

lnstnrment should be thoruughc lnqmkd Immrdkgrly llpon orlglmrl deWvery to pychaser. 
AW materlal kr the cantllnrr ts &Wked && the mdosd packing hst. The 
manu$aclurar wR not br rnpodf@h I$s, @@nrrb th) pddng sheet unless notlllsd 

I Immedlstely. If Um lwlmmmt anyway, adalmdwld beIlledwUh the carrier 
immedletaly. Flnal cklm aid n f t r e . o a n f s r ~ b e u n n p M e d b y t h e ~ ~ b ~ .  
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