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1-1. GENERAL. 

ECTION I 

INTRODUCTION AND DESCRIPTION 

1-2. The NLS MS-215 Miniscope ouhave purchased is a fine electronic in­
strument with a great deal of measuring capability and excellent accuracy, Its 
design is modern, utilizing the latest in low powered integrated circuits, and it is 
packaged into the smallest practical size. The instt'umeot fits into many brief­
cases and tool boxes with room to spare. 

1-3, Operating characteristics have been chosen so that the MS--215 will make 
all of the measurements needed in servicing most electronic equipments. It is 
field-portable so its use is not restricted to the repair shop. 

1-4. The Miniscope has a built-in ruggedness to withstand hard use, With 
only moderate care this fine, accurate electronic instrument will provide years 
and years of trouble-free service, 

1-5. This manual is provided to acquaint you fully with your Ms-215 !Vliniscope. 
You are urged to read this manual before yo11 initially use your Miniscope. Two 
sections are most .important. Reading the MS-215 specifications is important be­
cause: 

a. You should be aware of maximum input ratings to avoid damage to 
the instrument. 

b. By understanding th performance characteristics you will save 
yourself immeasurable time learning to operate the Miniscope and best utilize all 
of the outstanding capabilities it has. 

1-6. Secondly, you should study fora few minutes the section which describes 
tl1e location of controls, indicators and connecto1·s. Familiarize yourself with 
tbe location and function of each. You will save both time and frustration in be­
comlng acquaintedwith the M -215andgettingit to do all of the many amazing and 
interesting things which it can do, 

1-7. SPE CJFICA TIONS. 

VERT! AL 

Mode: CHl Cl-12, CHl & Cl-12 ( hopped) & CTTl & C}f2 (Alternate) 
(The following specifications apply to each channel.) 

1-1 
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Bandwidth: DC to 15 MB z, ±6 db @ 1 division deflection.* 

Deflection Factor: 10 mV /div to 50V /div in 12 calibrated ranges. Accuracy is 
3% of full scale with vernier in full clockwise position. Vernier 
provJdes continuously variable deflection factor between fixed 
ranges, uncalibrated. 

Input Impedance: 1 megohm in parallel with 50 pF. 

Maximum Input Voltage: 350V (DC +peak AC) provided DC component does not ex­
ceed 250V. 

HORIZONTAL 

Mode: Internal Time Base or External Horizontal, switch selectable. In the XY 
mode, vertical inpu_t is through CHl and horizontal input through CH2. 

Time Base: 0.1 µSec/div to o. 5 Sec/div in 21 calibrated ranges. Accuracy is 
3% of full scale with vernier in full clockwise position. Vernier 
provides continuously variable settings between fixed ranges, un­
calibrated. 

Amplifier 

Bandwidth: DC to 200 KHz (±3 db). 

Coupling: AC, DC or ground, switch selectable. Low frequency point on AC is 
3 Hz. 

Deflection Factor: 10 mV /div to 50V /div in 12 calibrated ranges. The ranges 
can be calibrated with the CH2 gain control. 

Input Impedance: 1 MQ in parallel with 50 pF, 

Maximum Input Voltage: Same as vertical amplifier. 

TRIGGER 

Modes: Automatic (trigger is disabled, time base free runs), Internal (In the dual 
trace modes, the internal trigger source is CHL) External and Line 
(Line notfunctional when MS-215 operates on batteries.) Input impedance 
is 1 megohm on External Trigger. 

Slope: + or -, switch selectable. 

*Typical 3 db point is 8 MHz @ 2 division deflection. 
Typical maximum frequency for full scale (4 div) deflection is 2 MFiz. 

1-2 

Coupling: AC 

Sensitivity: Less than 1 div for internal trigger and less than 1 volt for extemal 
.,( trigger. 

Level: Trigger Level control permits continuous adjustment of trigger point in 
all modes except Auto, 

CALIBRATOR: A square-wave signal of 1 voltp-p is provided. Voltage accuracy 
is ±5%, frequency is approximately 1 KHz. 

DISPLAY 

Graticule: 4 x 5 div, each division is O. 25 inch, 

CRT: Bluish-white phosphor, medium persistence. CRT uses low power filament 
for low battery drain. 

POWER OURCES 

Internal: Three sealed, rechargeable lead-acid cells. Operating time using fully 
charged cells is approximately three hours. Charging circuitry is in­
tegral and functions when MS-215 is connected to power line through 
plug-in transformer (supplied with each MS-215). Battery charge time 
with instrument non-operating is 16 hours. 

Exte1·nal: Operates continuously from 115 vac source 50 - 400 Hz when connected 
via plug-in transformer. Alternate transformer for 230 vac is avail­
able. Power consumption from AC line is less than 15 watts. 

ENVffiONMENT 

Operating Temperature: o0 to 40° c. 
Shock and Vibration: Will withstand normal shock and vibration encountered in 

commercial shipping and handling. 

PHYSICAL MEASUREMENTS 

Size: 2. 9" H x 6.4" W x 8. 011 D. (73. 7 mm x 162. 6 mm x 203. 2 mm) 

Weight: 3 lbs (1. 36 kg) with batteries. 

1-3/I-4(blank) 
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SECTION II 

OPERATION 

2-2. This section provides identification of controls, indicators and connec­
tors which a re used to operate and monitor the functional operation of the MS-215 
(figure 2-1). Alsoprovided are detailed descriptions and instructions for opera­
tion of the controls. 

2-3. OPERATING INSTRUCTIONS. 

2-4. In the following instructions the number in parenthesis following the 
name of a control, indicator or connector relates to the numerical callout of that 
control, indicator or connector shown in figure 2-1. 

2-5. TURN-ON. 

a. Decide the power source to be used. Choices are: 

1. Internal batteries - be sure that the batteries have sufficient 
charge to operate the scope by checking to see if the power in­
dicator LED (16) is illuminated. 

2. For 115 vac operation, use a 115 vac charger/transformer unit 
(P/N 41-114-1). 

3. For 230 vac operation, use a 230 vac charger/transformer unit 
(P/N 41-114-2). 

b. AfterturningonthePWRswitcb(l ), the warm-up time is less than 
five seconds. If the batteries are completely run down at turn-on, 
it will take approximately 60 minutes (PWR switch off) to charge 
them enough to operate the Miniscope. 

2-6. B AM LOCATION AND TRACE GE ERATION. 

a. Adjust the following: 

1. INTENSITY control (30) to maximum. 

2. Horizontal position (LFT-RT) control (11) to center. 

3. CHl & CH2 vertical position (UP-DN) controls (4 & 8) to cen­
ters. 

2-1 
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Figure 2-1. Controls, Indicators and Connectors (Sheet 1 of 2) 
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1. 
2. 
3. 
4. 

5. 

6. 
7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

LEGEND 

CHl Vertical Input Connector 1 Calibrator Output Jack 
CHl Vertical V /Div Multiplier Select 19. External Trigger Input Jack 
CHl Vertical V/Div Range Seleet 20. Time Base Range elect 
CHl Vertical Position Control 21. Time Base nits Select 
CH 1 Vertical V /Div Vernier Control 22. CH2 Vertical V /Div Range eleet 
Graticuled Viewing creen 23. Cl-12 Vertical AC, GND, [IC C'oupllng 
Cl-12 Vertical V /Div 1ultiplier elect 
Select 24. CH2 Vertical Input Connector 
CH2 Vertical Position Control 25. Vertical Display fode Select 
CH2 Vertical V/DivVernierControl 26. Ground Jack 
Time Base Multiplier elect 27. CH 1 Vertical AC, G D, DCCoupllng 
Horizontal Position Control Select 
Time Base Vernier Control 2 . Charger Input Jack 
Trigger Slope Select 29. CH2 Vertical Balance Control 
Trigger Level Control 30. Intensity Control 
Trigger Select 31. Focus Control 
Power Indicator 32. Cl-11 Vertical Balance Control 
Power witch 33. Astigmatism Control 

Figure 2-1. Controls, Indicators and Connectors {Sheet 2 of 2) 

4. Select GND positions for input coupling switches (23 .& 27). 

5. Select ms or µS (21). 

6. Select AUTO Trigger (15). 

7. Select CHOP or ALT {25) vertical display mode. 

b. Rotate the horizontal and vertical position controls to locate the 
traces and position them to the desired locations on the graticule (6). 

c. Adjust the ASTIGMATISM (33), INTENSITY (30) and FOCUS (31) 
controls to give the sharpest and clearest traces possible. 

2-7. SINGLE TRACE SIGNAL DISPLAY. After setting up the Miniscope to 
display the two traces as set forth in paragraph 2-6, connect an input signal to 
theCHlinput connector (1) using either a 1:1 cable or a 10:1 probe. Then pro­
cede as follows: 

a. Set the CH 1 input coupling switch (27) to AC. 

b. Set the vertical mode selector switch (25) to CH 1. 

2-3 
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c. Set thevedical (V /DIV) switches (2 & 3) to 5 x 10 (minimum sensi-· 
tivity). 

d. Obset•ve height of the display, 

e. Increase the sensitivity of tl1e scope by changing the settings of the 
vertical (V /DIV) switches (2 & 3) until the height of the display is 
one to three divisions. 

f. Chtinge the trigger selector switch (15) from A OTO to INT and ad­
just the trigger level control (14) so that the trace, reappears. 

g. Adjust the horizontal (TIME/DIV) switches (10, 20 & 21) to obtain 
a display of one to th1·ee periods of the waveform. 

h. Readjust the vertical, horizontal and trigger controls, if desired. 
to e:'\."J)and or compress the waveform or to start it at different point 
in its cycle. 

NOTE 

A single trace display may also be obtained using the CH 2 input and con­
trols in a similar fashion. 

2- . D AL TR.A E OPERA1'I N. Two harmonically related signals can.be 
simultaneously displayed by the MS-215. Examples are the input and output wave­
forms of filters, attenuators, amplifiers, fUp-flops,, counters, shift registers, 
etc. The signal to be used as the internal trigger aource must be connected to 
CH 1. If an external trigger source is used then channel .selection is immaterial. 
The same procedure for selecting the vertical and horizontal control settings as 
outlined in the single trace section apply here except that both CH & CH 2 must 
be adjusted, and the CHOP or ALT modes must be selected. To obtain the clear­
est display, itis usually best to select the ALT mode for frequencies above 20 KHz 
and the CHOP mode for lower frequencies. Remember that the trigger source 
(time reference) for each trace is always the same for both modes so that time or 
pliase comparisons between traces can always be made. 

2-9. TRIGGERING. 

2-10. The LOPE (13) and LEVE (14) controls are used to set the point on 
a waveform at wl1icl1 the Minlscope Is triggered and the trace is started. Four 
trtgger modes are provided, giving the capabiUty to view and make measurements 
on a wide variety ot' waveforms. Time base controls, multiplier, 5-2-1 (10), 

2-4 

range, . 1-1-10-100 (20), vernier, CAL (12) and units, mS-µS (21) allow sweep 
times to be varied over an extremely wide range of values. TRIGGER mode is 
chosen using the trigger select switch, LINE-AUTO-INT-EXT (15). 

2-11. TRIGGERED MODES. \,Vhen a repetitive waveform is connected to 
VERT INPUT (1) with the triggered mode selected, the vertical controls permit 
tbetraoeto be started at any vertical point on the trace. Vertical coupling, AC­
G ND-DC (27) is selected to be either AC or DC. Ground coupling ard auto sync 
ls a convenient way to locate the ground reference for DC measurements. The 
vertical multiplier, 5-2-1 (2), range, .01-.1-1-10 (3) and vernier, CAL (5) con­
trols are used to adjust the height of the trace. One division .minimum is required 
for operation in the triggered mode. Maximum vertical input voltage is 350 volts 
peak. Input impedance is one megohm shunted by 50 pF, 

2-12. The SLOPE (13) control is used to choose whether the trace will start 
on the positive- or negative-going side of tbe waveform. Using the sync LEVEL 
(14) control, the trace can then be started at any poipt on the side which has been 
chosen, 

2-13, AUTOMATIC TRIGGERING, In the auto trigger mode, the sweep free 
runs at the rate selected by the time base switches. This provides an uninterrupted 
trace for non-repetitive waveforms. It is utilized for DC voltage measurements. 
In the absence of a vertical input the trace represents zero amplitude, In the auto 
mode, synchronizing is usally not possible for repetitive waveforms as it is in 
the triggered modes, 

2-14. LINE SYNCHRONIZATION. IntheLINE triggered mode, the line fre­
quency is used to trigger the sweep. The LINE mode provides very positive syn­
chronization for input waveforms which are derived from and consequently syn­
chronized to the line frequency. 

2-15. EXTEaNAL TRIGGERING, Trigger waveforms from any external 
source of one volt or more may be connected to the Miniscope by means of the 
TRIG INPUT jack (19). 

2-16, Using an external trigger, an input waveform can be synchronized to 
itself. Consequently, it provides very positive synchronizing and lor non-repeti­
tive or transient waveforms, it is especially useful and provides better results 
thantheothertriggermodesin this regard. In clocked equipment, with the clock 
used as an external triggeT, both AC and DC amplitude measurements can be made 
rapidly with a minimum of control adjustments. 

2-5 
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2-17. MEASCREMENTS. 

2-18, When tbe vernier controls for time (12) and vertical (5 & 9) amplitude 
are rotated fully clockwise to the CAL position, measurements of voltage, time 
frequency and phase can be made witl1 an accuracy of 3%. 

2-19. WI.th the vertical V /DIV verniers (5 & 9) in the CAL position, the V /DIV 
set in on the multiplier (2 & 7) and range (3 & 22) controls a re accurately calibrated 
vertically on the graticuled display screen for AC and DC voltage amplitudes. 

2-20. With the horizontal (TIME/DIV) vemier (12) set at CAL, the time base 
settings on the horizontal multiplier (10), range (20) and unjts (21) controls are 
accurately calibrated horizontally on tbe graticuled viewing screen. Time and 
period (I/freq) can be -read directly. By using an external trigger, or by the ex­
ternal switching of stable input waveforms, phase may be accurately measured. 

2-21. A'Y OPERATION. When it is desired to control thel1orizontal denection 
of the display from a sourceotherthanthe internal linear time base of the M -215 , 
then the XY mode of operation must be used. Tl1is mode is selected byplacing 
the vertical mode switch in the CH 1 (Y) position and the horizontal mode switch 
in the CH 2 (X) position, This provides vertical control of the trace by the CH 1 
circuitry and horizontal control by the CR 2 circuitry. In this manner Lissajous 
patterns can be displayed for simultaneous phase and gain measurements, signal 
syncbronlzation, etc. 

2-22. The XY mode transfers all horizontal controls to the CH 2 circuits. 
The normal horizontal controls ne disabled as are the trigger circuits. Also 
the CAL position of the CH 2 variable gain control will not provide a truly cali­
brated deflection. If calibrated horizontal measurements are necessary, apply 
the l V P-P calibrated signal to the H 2 input. et the CH 2 switch to . 5V /DIV 
and adjust the variable gain control so that two horizontal divisions are displayed. 
This procedure will calibrate all switch settings in the },..'Y mode, but remember 
to 1·eset the CJ-I 2 variable gain control to CAL when returning to the triggered 
sweep mode. 

2-23. CARE OF BATTERIE . 

2-24. With proper care, the batteries within the Miniscope will give years of 
service with little degradation of capacity. To preset·ve the capacity of the bat­
teries (the ability to retain. a full charge), follow the instructions set forth below. 

a. W11enoperatingfrom line voltage, keep the charger plugged into the 
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MS-215 and into an active power outlet a all times. The batteries 
will reach their maximum charge overnight when the power switch 
is off. Keeping the batteries as near to full charge as possible will 
belp preserve their operating life. If the instrument is run. from 
line voltage continuously, the batteries will level out at approxi­
mately one-half full charge. 

b. When it is desired to operate tbe scope from the batteries alone, 
firstbesurethattheyare fully charged so that maximum operating 
life can be obtained. If not fully charged, plug the charger into the 
rear of the MS-215 and into an active power outlet. Leave the power 
switch off until you are ready to use the instrument. The batteries 
will reach their maximum charge in 16 hours. Leaving the batteries 
on charge for a longer period of time will not harm them. The 
scope's charging circuih'Y will automatically cut off when the bat­
teries reach full cl1arge and will continue to keep them at full charge, 

c. At full charge the batteries will provide three hours of continuous 
operation. Take advantage of the instrument's short warm-up time 
and save the batteries - shut it off when you are not actually looking 
at it. 

d. When the batteries have run down, the power indicator lamp will go' 
out. Wl1en this occurs, shut off the power and put the scope back 
on cha1-ge as soon as possible. It is better to give them a full charge 
before using the instrument again; this wi.11 help to preserve their 
capacity. 

Do not leave PWR switch on when power indicator light goes out. Do not 
leave the instrument unattended with the PWR switch on as complete rus­
charge of the batteries ma take place. If this occurs, the batteries ma 
be damaged and may not be rechargeable. 

2-25. OPERATIONAL TRO BLESHOOTING. 

a. No trace. 

1. Intensity control turned down. 

2. X or Y position ontrols not centered. 

2-7 
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3. Batteries not charged. 

4. No input signal in triggered mode. 

5. Insufficient amplitud"e signal to trigger on, 

6. Trigger level control not adjusted properly. 

b. Beam spot only. 

1. Trigger level contr6l set too low. 

2. No trigger present in external trigger mode. 

3. External horizontal input (CH 2 (X) ) selected with no horizon­
tal input. 

4. External horizontal input (CH 2 (X) ) selected with CH 1 & CH 2 
inputs at GND. 

5. External horizontal input (CH 2 (X) ) selected with CH 1 & CH 2 
V /DN settings too high. 

c. No vertical cteflection. 

1. Vertical input coupling switch in GND position. 

2. No vertical input signal· check leads, 

3. Vertical V /DIV settings too high. 

d. Inaccurate measurements of voltage or time. 

1. Vernier not set at CAL position. 

e. Trace will not synchroni.ze. 

1. Incorrect trigger ma:le, generally. 

2. Non-repetitive or unstable input frequency, 

3. Automatic trigger mode selected. 

4. Input signal not derived from the line in tbe LINE rmde, 

5. Vertical input signal not derived from the same source as the 
trigger input, in the external trigger mode. 

SECTION ID 

THEORY OF OPERATIO 

3-1. INTRODUCTION 

3-2. Toe MS-215 is a small, portable, rechargeable-battery powered dual trace 
oscilloscope. Toe circuitry uses mainly integrated circuits of the C-MOS or low­
powerSchottkytypes. A low filament power CRT is also used to reduce drain on 
batteries. Toe MS-215 has four vertical deflection modes: 

a. CH 1 c. CH 1 & CH 2, chopped 

b. CH 2 d. CH 1 & CH 2, alternately 

3-3, The source for internal triggering of the horizontal sweep during the four 
vertical modes is: 

a. CH 1 

b. CH 2 

c. CH 1 

d, CH 1 

3-4. Besides internal triggering, the scope can also be triggered from an ex­
ternal signal, the power line, or the horizontal sweep will free run if there is no 
triggering sources available. In following the various internal circuit descriptions 
below, refer to figure 3-1- see also figures 4-1 and 4-2 for component location. 

3-5. VERTICAL AMPLIFIER 

3-6, There are three amplifiers lo cascade which make up the CH 1 vertical 
amplifier. Tbefirst amplifier is a FET input operational amplifier (Ql, Q2, Q3) 
connected as a unity gain, non-inverting follower. The inputtothisamplifieris 
either direct, AC coupled or grounded depending on the position the front-panel 
toggle switch. Also a 100: 1 attenuator is inserted between the input signal and 
the amplifier in the 1 and 10 position of the front-panel (vertical V /DIV) slide 
switch, The output of the first amplifier connects to an attenuator with divisions 
ofl:l, 2:lor5:ldependingon the front-panel (vertical V/DIV) toggle switch, An 
additional division of 10:l in the output of the first amplifier is inserted when the 
front-panel (vertical V /DN) slide switch is in the . 1 or 10 positions. The front­
panel variable gain control is also connected in series with these attenuators. 
The output of the attenuators is connected to an emitter follower (Q4). The front­
panel vertical position control is connected to another emitter follower (Q5). The 
outputs of the emitter followers are connected to the inputs of a second amplifier. 
The second amplifier is a differentlalinput/differential output monolithic bi-polar 
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amplifier (Cl) with a gain of about 100:1. The outputs of this amplifier nre con­
nect d to Lhe inputs of he vertical deflection amplifi.er through C-M solid state 
analogtran mission gates (1/2 9). The verlical deflection amplifier consists of 
a diffe 1·ential bi-pola1•p1iti1-(Q6, Q7) with t.he vertical deflection plates of the CRT 
connected to the collectors and constant curl'ent sources (Q , Q9) connected to 
emitter . 

3-7. The en 2 vertical amplirier is th~ same as the CU 1 amplifier e.xcept the 
circui symbols are diffe1,ent. 

3- . IT RT7. NTAL AMPLIFIER 

3-V. The horizontal deflection amplifier (QlO, Qll, Ql2, Q13) is the same as 
the vertical deflection amplifier except it has a smallet· bandwidth and the hori­
r.ontnl deflection plates are connect,erl to Its output. In the (XV) operating mode 
the inputs to the hori1.ontal deflection amplifier come front the outputs of the 

econclampllfier of the rt 2 vertical amp! ifier. In the tt-iggered sweep operating 
mode, the inputs to the horizontal deflection amplifier come from the hot'i.zontal 
position control and the output o[ a N-channel junotion FET source follower (Q24) 
which is connected to the time base generator. The connections lo the horizontal 
deflection amplifier inputs are made by -M s solid state analog transrnlssion 
gates (U, ). 

3-10. TT11TE BA GENERATOR 

a-11. 'f'l1e tim base generator ts eompos cl of five sections: a front-panel con-
vollable constant current source (Ql4, Q15, QlG), the capacitive load on the 

constant current source ( 21, C'22, C23), an astable mullivlbrator (1/2 6), a 
nip-flop(l/2 ·~). ancla solid state switch ( 6). II1 the initial state the capacitor 
is gro1.tnded through the solid state switch. pulse rrom the trigger circuit flips 
the nip-flop. The switch lets the apacil:01· charge positively In a I ine!!L' ramp at 
a rate deteTminecl by tlie constrint current aJ1cl the value of the capacitor. When 
the ramp reaches n level determined by tbe threshold of the astable moHJvibrator 
the multivibrntor generates a pulse whicl, nips the flip-flop bflcl, 'to its initial 
sbte. Tl1is cnuses t,he oapacitor to he discharged l'apidlyhy the solid state switch. 
T'he length of the multivibrator pulse is long enough to permit the complete dis­
chn1'ge of the capacil.Or, 'l'he llip-fio1 ls prevented from lieing triggered before 
tlie capacitor ls discharged by n gate (1/4 3) between the flip-nop and he time 
base Lrtgger. 

3-2 

• 

3-12. TIME BASE TRIGGER 

3-13, The time base trigger is composed of a ch mitt tt·igger (1/2 4), an in­
verter (l/4 U4)and an lnput buffer (Ql7). The input buffer is an N'-channel junc­
tion F ET connected as a source follower. Its input can be connected to the output 
of the second vertical amplifier for synchronization of the time base to the vertical 
input signal (i.nternaltrigger). rt can be connected to an external source for syn­
chronization of the time base to some otl1er signal (external trigger). It can be 
disconnected when there is no signal to synch1·onize on so tlrnt the time base will 
free run (auto trigger). It can also be connected to a line frequency signal derived 
from the output of the charger/transformer (line trigger). These four sources 
are selectable with the front-panel trigger sllde switch, 'I'he output of the buffer 
(Q17) ls connected to the input of the ohmitt trigger wllich is connected to an 
inverter. Either the Schmitt trigger output or its inverse ls connected to the time 
base generator depending upon the setting of the front-panel trigger slope switch. 

3-14. CATHODE-RAY TUBE. 

3-15. ThedeflectionplatesoftheCRTareconnectecl to the outputs of appropriate 
deflection amplifiers. At zero deflection the vertical plates a re at approxjmately 
t-35V with respect to ground and the horizontal plates are at approximately +45V. 

The astigmatism control element (pin 12) is connected to the wipe1• of a potentio­
meter between -6 VDC and +95 VDC. The wiper voltage for the hast display can 
fall anywhere within those extremes, depending on the tube. The focus element 
of the CRT (pin 4) is tied to the wiper of a potentiometer which Is one of a series 
of resistors [rom the cathode of the CRT to ground. The voltage at the wiper for 
display will be anywhere from 50 VDC to 200 VDC above the cathode of the CRT. 
'I'hesoreen element of the CRT (pins 10 & 1~) is connected to a fixed divider and 
is nominally 50 VDC above around. 'T'he CRT has a dfrectly heated cathode. The 
heater cunent is nominally 60 rnADC and is 11bout 750 VDC helow ground. The 
intensity control grid (pin 3) ls connected to the wiper of a potentiometer which ls 
connected to a flip-flop (1/2 11). The flip-flop is powered by a nominal 13 VDC 
supply refe1·enoed to the cathode of the CRT at -750 VDC. The nip-flop is capaci­
tively coupled to the flip-flop (U3) in the ti.me base generatot" and follows its state 
synchronousl in the linear sweep mode. In one state of tl1e flip-flop the grid cuts 
off the beam current, thus pTeventing the retrace from appearing in the display. 
In the other state a beam current is ol tained which depends on the setting of the 
intensity control. In the external T1orlzontal input mode, the time I ase generator 
is disabled and a third capacitively-coupled connection to the blanking flip-flop 
turns the beam on oontinuously. 
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3-16, CA LIBRA TOR 

3-17, The lV P-P calibrated output signal, availab1e on the front panel, is de­
rived from an internal frequency after being squared up by a flip-flop (1/2 U 14). 
The signal is useful as a check on the calibration of the vertical amplifier, in 
setting the frequency compensation of high input impedance probes, or as a test 
signal source for external circuitry. The frequency is typically 1 KHz and the 
duty cycle is approximately 50%, It is a bipolar signal referenced to ground. 

3-18, POWER SUPPLY 

3-19. All of the supply voltages required by the circuits in the MS-215 previously 
described in tMs section are generated by a DC/DC converter. 111e+75 VDC supply 
employs a full wave bridge. The -750VDC supply employs a voltage doubler circuit. 
The remaining supplies use half-wave rectifiers. The primary of the DC/DC con­
verter transformer is connected to two powe1· transistors (Q22 & Q23) in such a 
manner that the circuit self-oscillates in the saturating mode. An RC network 
is connected across the primary to supress the non-saturated mode. Since all of ' 
the loads on the secondaries are fairly constant, regulating the input voltage to 
the converter simultaneously regulates all the outputs. The input to the converter 
is provided by the +5, 75 VDC regulator. Tbe series pass transistor (Q20) is 
dTiven by an inverter (Ql9) which is controlled by a 3-terminal shunt regulator 
(VR2) though the front-panel power indicator LED (CR12). VR2 has an internal 
reference of approximately +2. 75 VD . When the input to the 5. 75 VDC regu­
lator drops below+5. 7 VDC, the regulator shuts down completely and the indica­
tor goes ou , indicating insufficient battery voltage to maintain proper operation 
of the scope. This unloads the batteries and protects them from excessive drain. 
As soon as it is noticed that the power indicato1· has gone out, the power switch 
should be turned off. The batteries should then be given a full recharge. 

3-20, Tl1e batteries are charged from the line via an outlet-mounted charger/ 
transformer whicl1 plugs into the real' or the MS-215 through a 2. 5 mm coaxial 
power adapter. The output of the charger/tl'ansfoTmer is full-wave rectified in 
the oscilloscope and charges the batteries through a series pass transistor (Q1 ). 
Q18 is controlled by the 3-terminal sbunt-regulator(VRl). The charge regulator 
shuts off when the batteries reach +7. 2 VOC (±, 1 VD ) , thus protecting the bat­
teries from overcharge. 

4-1. 

ECTION TV 

CA ,T'BRATT 

4-2. Instrument must be functional in all modes before calibration. 111e ca11-
bration will be invalid if the instrument is partially inoperative. 

4-3. EQ IPMENT REQUIRED 

a. Digital Multimeter, NL Model LM-3. 5A, OT equivalent 

b, Oscilloscope, with vertical deflection calibrated to 1% or better 

Waveform Generator-l!Tz to lO0KI-11,, variable amplitude square and 
sine wave capability 

d. Frequency Meter, NL TM-7 or equivalent 

e. DC Voltage ource, 6. 3V@ 1 Amp 

I waaNING I 
Dangerous voltages are present at several locations in the IvIS-215. Because 
it is battery-operated, such voltages will be present even when the instrument 
is clisconnected from the AC power line, if the PWR switch is in the ON position. 
Exercise caution and use an all-plastic screw-driver for all adjLlstments. 

4-4. INITIAL PREPARATIO 

a. Set PWR switch to OFF position. Remove screw from bottom of the 
case. 

b. Gently slide instrument chassis out of case. 

c. Insert plug of transformer cord into instrument and plug transformer 
into the appropriate power source. 

d. et PWR switch to O position. 

NOTE 

If th batterle are fully charged, allow 30 seconds for instrument warmup; if 
batteries are completely run down, turn the scope off and allow approximately 
60 minutes of charging tune before turning the scope back on, 
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4-5. PROCEDURE. 

4-6. CHARGING CIRCUIT. 

a. Remove the one ampere fuse on bottom of rear board. 

b. Using another oscilloscope with vertical deflection calibrated to 1 % or 
better, connect its ground to the right-band fuse terminal and its 
input to TPl (figure 4-1). Adjust Rl12 (figure 4-1) until the peak-to -
peak voltage measures 7. S-voe. 

c. Disconnect test oscilloscope. 

4-7. +5.75 VDC REGULATOR AND BATTERY DISCHARGE CUTOFF 

4-2 

a. Disconnect transformer. 

b. Connect a source of +6. 3 VDC to upper fuse terminal. 

c. Set PWR switch to ON 

d. Check to see that red power indicator LED on front panel is illumin­
ated. If not, adjust Rl20 (figure 4-1) CCW and turn tl1e PWR switch 
off and then on again. 

TP2 
Q231Q22 -5. 75V C32IQ20 VR2 R120IQ19 R134 

R136 QlS Ult Fl 

Figure 4-1. Component Location - Rear Board 

TPl 

VRl 

e. Connect an LM-3. SA between TP2 (figure 4-1) and ground. 

f. Adjust R120 (figure 4-1) until multimeter reads +5. 75 VDC. 

g. Reduce DC voltage source to +5. 70V: front panel LED will go out. 

h. Reading at TP2 should be O volts. 

4-8, POWER SUPPLY VOLTAGE CHECKS. 

a. Perform tests with batteries charged, fuse in place and charger/trans­
former connected. 

b. Connect an LM-3. 5A as set forth in table 4-1 and read voltages listed. 

4-9. ASTIGMATISM 

a. Usingthe triggered mode and AC input coupling, connect the function 
generator output to the vertical input. With the generator set to 10 KHz 
sine wave set the vertical and the time base oontrols to display two 
complete sine waves two divisions high·. 

b. Adjust INTENSITY (rear panel) control to obtain a bright trace. 

c. Adjust FOCUS (rear panel) control to obtain the clearest and sharpest 
trace possible. Readjust intensity if needed, 

d, AdjustASTIGMATISM(rearpanel) control so trace has uniform bright­
ness and width in both vertical and horizontal directions. 

e, Repeat steps c. and d. until no further improvement can be made. 

4-10. CALIBRATOR 

a. Connect a calibrated oscilloscope from calibrator lVP-P output, to 
ground. 

b. Center trace on screen and adjust R129 (figure 4-2) so that calibrator 
output ls exactly 1 VP-P. 

4-11. VERTICAL AMPLIFIER BALANCE 

a. Set the trigger mode switch to AUTO. Set the CH linput switch to GND. 
Set vertical V /DIV controls to 50 V /DIV. Set vernier to CAL (CW). 

b. Center trace vertically so It coincides with central horizontal Une of 
graticule using vertical position control. 

c, Change V /DIV controls to . 01 V /DIV. 

4-3 
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VOLTAGE 

1. 12. 5 VAC (±0. 5 VAC) 

2, 12.5 VAC (±0.5 VAC) 

3. +5. VDC to +7. 3 VDC 

4. +5. 75 VDC (±0. 05 VDC) 

5. -650 VDC to -750 VDC , 
6. +0. 50 VDC to +0. 65 VDC 

7. -11. 5 VDC to -13. 5 VDC 

. +72 VDC to +80 VDC 

9. +90 VDC to +9 VDC 

10. +5. 0 VDC to +5. 4 VD 

11. -4. 6 VDC to -5. 2 VDC 

Table 4-1. Power Supply Voltages 

WHERE IBASURED 

Output of cliarger (41-114-1) 
(inner conductor of plug) 

Output of charger (41-114-2) 
(inner conductor of plug) 

Fuse to ground 

(+) side C32 to ground 
(figure 4-1) 

Pin (1) of CRT to ground 

Pin (2) to pin (1) of CRT 

Pin (3) to pin (1) of CRT 

Junction of R48 & R49 to ground 
(figure 4-2) 

Junction Qf R66 & R67 to ground 
(figure 4-2) 

Pin (14) of U4 to ground 

Anode of CR6 to ground 

::0 
.0.0"' c:,.-,....0 
r,,,::, (.Tl ..;:r.,..c,o;.r::i.o 

CO DITIONS 

115 VA C 60 Hz input-no load 

230 VAC 50 Hz input-noload 

Any operating or non-opera­
ting mode 

Any operating mode with bat­
teries cliarged. 

Same as"4 

Same as 4 

Same as 4 with intensity con­
trol at minimum 

ame as 4 

Same as 4 

Same as 4 

Same as 4 

.0 
'° 
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..... 
0 

Ii) 
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d. Adjust CHl VERTICAL BALANCE control (on rear panel) so that trace 
coincides with central horizontal line of graticule. 

e. Change V /DIV controls to 50 V /DIV and repeat steps b. thru d. until 
trace does n0tmovefromcentral line at 50 V /DIV or . 01 V /DIV. When 
this is completed there will be less than 1/3 division shift in trace for 
other V /DIV settings. 

f. Repeat above steps for CH ~ amplifier. 

4-12. VERTICAL AMPLIFIER LOW FREQUENCY GAIN. 

a. UsingACverticalinputcoupling and internal triggered mode, connect 
calibrator output to CH2 vertical input of Mini.scope. Set vertical 
V /DIV controls to . 5V /DIV. Center trace vertically. Set vernier to 
CAL (CW). 

b. AdjustR51 (figure 4-2) so that trace amplitude is exactly two graticule 
divisions high. 

c. Repeat step 4-12a using CHl. 

d, Repeat step 4-12b using R27 (figure 4-2), 

4-13. VERTICAL AMPLIFIER HI FREQUENCY GAIN. 

a. Using CH2 AC vertical input coupling and internal triggered mode, 
connect a 100 KHz square wave to vertical input. Set vertical V /DIV 
to .5V/DIV. Set vernier to CAL (CW). Set Horizontal (Time/DIV) 
switches to 5 µ s/DIV. 

b. Adjust C 11 (figure 4-2) until truest display of a square wave is obtained. 

4-14. INPUT ATTENUATOR COMPENSATION. 

4-6 

a. Connect a square wave source having an output capability of 2V P-P 
or greater at 10 KHz to CH2 vertical input. Use triggered mode, AC 
coupling and set V /DIV controls to 1 V /DIV. Adjust vernier to obtain 
two divisions of vertical defle~tion. 

b. AdjustC202 (figure 4-2) until the truest display of a square wave two 
divisions high is obtained. 

c. Repeat 4-14a using CHl. 

d, Repeat 4-14b using C2 (figure 4-2). 

4-15. TIME BASE LOW FREQUENCY. 

a. Use internal trigger mode and AC vertical coupling. Set time/DIV to 
5 µs/DIV with time vernier in CAL (CW) position. 

b. Connect al00Hz square wave frequency-calibrated to 1% accuracy to 
vertical input. Center trace. An inexpensive square wave generator 
may be used if monitored by an NLS FM-7 Frequency Meter. Input 
voltage to the FM-7 should not exceed 0. 7 volt peak-to-peak. 

c. AdjustR69 (figure 4-2) and horizontal position control so that trace is 
approximately 1/32 inch longertl1anfive divisions of graticule in hori­
zontal direction. 

d. Adjust R93 (figure 4-2) and horizontal position control for best coin­
cidence of vertical lines of square wave trace with vertical lines of 
graticule, 

4-16, TIME BASE HIGH FREQUENCY 

a. Preparation is the same as in paragraph 3-15 except vet·tical input 
frequency is 100 KHz and time/DIV is 5 µ.s/DIV. 

b. Adjust C23 (figure 4-2) and horizontal position control for best coin­
cidence of vertical lines of square wave trace with vertical lines of 
graticule. 

4-17. R • TRACE BLANKING ADJ1JSTMENT 

a. Using a positive triggered sweep and AC input coupling, connect a 
100 KHz square wave vertical input. Set time/DIV controls to 5 µs/DIV. 

b. Turn INTENSITY control to maximum. 

c. Adjust Rl34 (figure 4-1) so that retrace just appears at top and/or 
bottom of square wave. Note position of Rl34, 

d. Readjust Rl34 so that trace disappears. Note position of R134. 

e, Set Rl34 to a position halfway between positions noted in c. and d. 
above so that a complete bright trace is obtained with no retrace and 
no bright spot or vertical line at beginning. 

4-7 /4-S(blank) 
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l5-1. CLEANING. 

SECTION V 

MAINTENANCE 

5-2. The outer surfaces of the MS-215 will require cleaning from time to time. 
Use a warm water and detergent solution with a cloth and/or brush. Be careful 
not to scratch the graticule. Since there are no ventilating holes in the case of 
the MS-215 the circuitry probably will not require cleaning. However, in a se­
verely dusty environment blow off the dirt accumulated inside the case with fil­
tered compressed air. Jfthis is not available use a brush and a vacuum cleaner. 
Use care so as not to upset the settings of the calibration potentiometers. If the 
above methods are not sufficiently effective, use a Freon (R) base solvent with a 
brush. Do not use a vapor degreaser as it will damage the potentiometers. 

5-3. VISUAL INSPECTION 

5-4. After every few months of use visually inspect the oscilloscope for loose 
or broken connections, loose screws, beat-damaged components or leaking bat­
teries. If anything amiss is noted, the appropriate corrective action should be 
taken. In the case of over-heated parts, it is likely that the p·roblem is not with 
thepartthatis overheated. When replacing an overheated component make sure 
the associated circuitry is functioning properly. Otherwise another overheated 
component may result. 

5-5. TROUBLESHOOTING PROCEDURE. 

5-6. Before attempting to troubleshoot the MS-215 make sure that any appar-
ent trouble is actually due to a malfunction within the instrument rather than im­
proper control settings. Instructions for the operation of the oscilloscope are 
contained in the Operation Instructions section of this manual. 

5-7. CffiCUIT TROUBLESHOOTING 

5-8. The MS-215 consists of seven main circuits. These are: 

a. Power Supply 

b. Vertical Amplifiers 

c. Horizontal Amplifier 

{R)registered trademark of E. I. DuPont de Nemours & Co. {Inc.) 
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d. Time Base Trigger 

e. Time Base Generator 

f. Cathode Raye Tube 

g. Calibrator 

5-9. The first ircuit to check ror any type of trouble is the Power upply, 
(.ee table -1). All the other ci1·cuLts in the instrument are dependent on the 
proper operation of the power supply circu'itcy. If all the power supply voltages 
are correct then the nature of the symptom should direct you to the circuit which 
contains the trouble. For example, if the trace on the CRT appears normal In 
the horizontal direction but no in the vertical then the problem is most likely in 
the vertical amplifier. 

I WARNING. 

se extreme caution. in performing the following steps as dangerously high 
voltages will be present. 

5-10. TROUBLESHOOTING THE POWER SUPPLY. 

5-11. If the power indicator does not light and there is no trace when operating 
frombatteties alone, butthere isan erratic appearingtraoewhen operating from 
the charger/transformer then the problem is very likely a blown fuse. The fuse 
(F2 -figure 4-2), if not defective, will measure less than 0, l ohm. U after re­
placement the fuse blows again, then the pToblem ls in the +5. 75 VDC Tegulator 
between the batteries and the DC/DC converter. The +5. 75 VDCregulator should 
use less than 50 mACD unloaded. The reg1.1lator can be unloaded by cutting the 
printed circuit line between il and the DC/DC converter. Two extra holes have 
been provided in the pdnted ci rm1it for a jumper to repair the cuj;. If the reg­
ulator Is functioning properly, then check the +5 VOC li.ne on the main board and 
the rectifiers and loads on the secondaries of the DC/DC converter. Also check 
the switching h'anststo-rs on the input of the DC/DC converteT. If these tests do 
not uncover a fault, the DC/DC converter transformer is probably defective. 

5-12. If the MS-215 will 11otoperate on batte1·ies alone for more than two hours 
after receiving a full charge (see Operation section of this manual), then either 
the I atterles are weak, the re is an excessive load on the batteries or the charging 
circuitry is at fault. First check tl1e batteries. FTom the fuse to ground the 
batter voltag should measure between +5. VDC and +7. 3 VDC regardless of 
whether the scope is opet'ating from the batteries or not. Measure the battery 
voltage during each of these modes. If the voltage is outside the limits, then at 

5-2 

least one cell is faulty. Measure each cell. If any cell meas1.1res less than 1. VD 
or greatet' than 2. 4 VDC then that cell is faulty and should be replaced. 

5-13. If the batteries are satisfactocy then check the load current. With the 
charger/transformeTunplugged and an ammeter in place of the fuse, measure the 
opeTating current drain on the batteries with the PWR swltch on. It should be less 
than 700 mADC. If not, then one of the secondary windings of the DC/DC converter 
isp-robably overloaded and one or mot'e of its output voltages will mea111uTe low. 

5-14. If all the above checks do not locate the problem then the chaTging cir­
cuitcy is at fault. After giving the batteTies a full charge (see Operating section 
of manual) measu,re the battery voltage from the fuse to g1·ound. It should be 
+7. 2 VDC {:t.. 1 VDC) before the soope is turned on. If it is not, then the cliarging 
circuitry is faulty. Too bigb a voltage will overcharge the batteries a,nd reduce 
their life. Too low a voltage will not fully charge- the batteries and the scope will 
operate only a short time from the batteries alone. Tl1e charge regulator may 
·ust need Teadjusting (see Calibration section) OT there may be a faulty component. 

5-15. If the scope will not run continuously from the charger/transformer, 
measu-rethelinevoltage. Itshouldbewitl1in105 VACto 125 VAC with a 41-114-1 
charger/transformer and 210 VAC to 250 VAC witl1 a 41-114-2 charger/trans­
former. If the line voltage is satisfactory, go through the procedure listed for 
short operating time from batteTies. Finally, with the battery voltage less than 
+6. 4 VDC measured from the fuse to ground, measure the charge ounent by in­
serting an ammeter in place of the fuse and plugging in the charger/transformer 
with the scope off (if necessary, operate the meter from the batteries alone to 
achieve this voltage). Tbe current should measuTe greater than 700 mADC. 

NOTE 

The cbarge current is related to the battery voltage, rising as the battery 
voltage drops. If the current is less than 700 mA DC, the charging circuitry 
is faulty. 

5-16. TROUBLE HOOTING THE V • RTTCAL AMPLIFIER 

5-17. With the vertical input grounded, ii the trace or spot is visible when the 
vertical deflection.plates (pins 9 & 11) are shorted togethet' and disappears when 
the short is removed, the vertical amplifier is in a state of DC unbalance. To 
determine where the problem ls measure the differential voltage at the output of 
the second amplifier (pins 7 and 8 of Ul - figure 4-2). :{f it can be adjusted to 
±2 VDC with the rront panel veTtical position control, then the problem is 

5-3 
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in the deflection amplifier output stage. If the voltage cannot be adjusted as speci­
fied, measure the voltage at the output of the first amplifier (collector of Q3 -
figure 4-2), If it is within O. 01 VDC of ground, then the ·problem is in the second 
amplifier. If it is not as specified, then the problem is in the first amplifier. If 
the problem is incorrect gain use signal tracing techniques to locate the problem. 

5-18. TROUBLESHOOTING THE HORIZONTAL AMPLIFIER 

5-19. Use the same approach as is outlined in the Vertical Amplifier section. 

5-20. TROUBLESHOOTING THE TIME BASE TRIGGER 

5-21. If a problem exists in one or more positions of the Trigger Mode switch 
but not all, then the switch itself or associated networks are at fault. If a prob­
lem exists in all positions, then the fault lies with either the source follower 
(Q24-figure4-2), theSchmitt Trigger (U4 - figure 4-2) or slope selector (Ul4). 
Check the output of the source follower. If it exhibits approximately unity gain, 
the problem is in the trigger or slope selector. If the source follower does not 
have unity gain then it is the problem. 

5-22. TROUBLESHOOTING THE TIME BASE GENERATOR. 

5-23. If there is no horizontal sweep and the time base trigger is not at fault, 
then the time base generator is at fault, If the sweep works in some settings 
and not in others then the switching or the associated networks are at fault. If 
the sweep does not work at all, the constant current source can be tested by dis­
connecting the output collector lead (Ql4 - figure 4-2) and measuring the current 
to ground. The gates in the astable multivibrator (U5 - figure 4-2), transmission 
gate (U6 - figure 4-2) and the flip-flop (U3 - figure 4-2) can be checked by exam­
ining their input versus output relationships. 

5-24. TROUBLESHOOTffiG THE CATHODE-RAY TUBE. 

I WA■NING I 
Use extreme caution in performing the following steps as dangerously high 
voltages will be present. 

5-25. If there is no spot or trace on the CRT: 

a. Check all the power supply, vol,tages. (Refer to Table 4-1.) 

b. Short across the horizontal and vertical deflection plates (pins 6 & 7). 

5-4 

c. Connect a 1 kn resisto1· between pins 1 & 3 of the CRT. 

d. Turn the intensity control to mid-range. 

5-26, If there is no spot, then the CRT is defective. If there is a spot, check 
the horizontal and vertical amplifiers for balance. If no problem is found, then 
the problem is in the blanking circuitry. 

5-27. TROUBLESHOOTING THE CALIBRATOR 

5-28. If there is no lVp-p calibrator output use signal tracing techniques to find 
where the signal is lost, 

5-5/5-6(blank) 
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SECTION VI 

OPTIONAL ACCESSORIES 

6-1. ATTENUATfrl'G HIGH IMPEDANCE PROBE 

6-2. A probe which attenuates input signals by a factol' of 10 is available. In­
put impedance is 10 megohms for use in high impedance circuits. When used with 
the vertical input, input sensitivity markings·must be multiplied by 10. Maximum 
sensitivity is 100 mV /DIV when the probe is used. Maximum input to the probe 
is 250V peak. 

6-3. LEATHER CARRYING CASE. 

6-4. A leather carrying case is a valuable accessory for your Miniscope. A 
neck strap is included and a belt loop attached so it may be worn a round the neck 
or on tbe belt for bands-free operation. A pouch is included which holds the ac­
cessories such as leads and battery charger. 

6-5. • ven though the M -215 has a tough scuff-resistant plastic case, the car­
rying case is popular because it will keep this fine instrument looking new a 1 o t 
longer. 

Do not attempt to charge the miniscope in the carrying case. The heat gener­
ated will be excessive and damage may result. 

6-1/6-2(blank) 
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Non-Linear Systems, Inc. warrants each new instrument against defects in 
material or workmanship for a period of one year from date of delivery to 
the original customer. This warranty is specifically limited to the replace­
ment or repair of any such defects, without charge, when the complete instru­
ment is returned to Non-Linear Systems, Inc., 533 Stecvens Avenue, Solana 
Beach, California 92075, transportation charges prepaid. This express war­
ranty excludes all other warranties, express or implied, and NON-LINEAR 
SYSTEMS, INC. IS NOT LIABLE FOR A BREACH OF WARRANTY IN AN 
AMOUNT EXCEEDING THE PURCHASE PRICE OF THE GOODS. NON­
LINEAR SYSTEMS, INC. SHALL NOT BE LIABLE FOR INCIDENTAL OR 
CONSEQUENTIAL DAMAGES. No liability is assumed for damage due to 
accident, abuse, lack of reasor,able ca re, loss of parts, or subjecting the 
instrument to input values of a magnitude in excess of those snecifiec'I. 
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