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SECTION
GENERAL INFORMATION

1-1. SAFETY NOTICE

The Model 8210 is furnished with a three-conductor power cable and three-
prong plug so that, when the plug is inserted in a properly polarized a.c,
power receptacle, the instrument is grounded. The instrument depends upon
such connection to ground for equipment and operator safety.

*** WARNING ***
To avoid the possibility of electrical shock, before anything
is connected to this instrument, and before you use this in-
strument, make certain that its power cable is plugged into a
mating a.c. receptacle that has a grounded ("earthed") contact.

Never defeat the instrument's protective grounding. For example: Do not
use an extension power cable if it is not equipped with a ground conductor;
do not plug the instrument into an a.c. receptacle that does not provide a
high-quality earth ground. 1I1f only a two-terminal a.c. power receptacle is
available, use a three-prong-to-two-prong adapter and connect the ground
wire of the adapter to the power—receptacle ground. Do not use such an
adapter if the ground wire cannot be grounded.

1-2. DESCRIPTION

The Model B210 Modulation Meter, manufactured by Boonton Electronics Corp.,
is a versatile, solid-state instrument that measures and displays the de-
viation of frequency-modulated signals or the percentage modulation of
amplitude-modulated signals over a carrier range of 2 MHz to 1.5 GHz. Both
the a.m., and f.m. detectors of the 8210 are true peak-responding at all
levels, Thus they conform to the basic definition of modulation depth or
deviation, In addition, because the detectors are true peak-responding,
the effect of any system noise will be accurately included in the measured
value. Among the features of the Model 8210 are:

a, Fully Automatic Tuning "and Leveling. The Model 8210
will automatically acquire the largest signal present at
the input connector and adjust its local oscillator, and
the gain of its measurement channel, to provide a fully
calibrated display of amplitude modulation or frequency
modulation.

b. Internal Calibration. Each time it is turned on, the
8210 calibrates both its a.m. and its f.m. detector.

c. Digital Display. The 8210 presents recovered modu-
lation on a 3-1/2 digit display, providing exceptional
resolution and accuracy for modulation measurements.

d. Pushbutton Operation. Selection of all operational
parameters is made by means of pushbuttons, thus allowing
fast measurement setup.

e. Low Residual Modulation. The 8210's exceptionally low
residual modulation permits accurate measurements of low-
noise sources. Direct residual measurements are possible
if an external r.m.s. detector is used,

The Model 8210 is intended for both laboratory and field application. 1t

will also be especially useful in the design of, and for production-line
and field-testing of, f.m. and a.m. transmitters and signal generators.

8210-1182 1-1



1-3. ITEMS FURNISHED

The instrument is supplied complete with power cord. For making measure-
ments the connection of various cables will be called for, depending upon
the operating mode of the 8210. Required cable connections are discussed
in paragraph 2.1d,

1—4: OPTIONS AND ACCESSORIES
Option -0l: With this option, the 15 kHz low-pass filter is replaced by a
30 kHz low-pass filter. See Specifications, below, for details.

Accessory 950027: This is a rack-mounting kit (not supplied as standard),
for mounting a single 8210 to left or right of center.

1-5. ENVIRONMENTAL DATA, OPERATING AND STORAGE
Temperature: Operating, 0 to +55°C
Storage, -55°C to +75°C

1-6. SPECIFICATIONS
R.F. INPUT:

Carrier-Frequency Range 2 MHz to 1.5 GHz

Tuning Automatic

Sensitivity 10 mv, r.m.s., 2 MHz to 520 MHz
30 mV, r.m.s., 520 MHz to 1.5 GHz

Level Set Automatic for levels up to 1 V

Maximum Safe Input 7V, r.m.s.

Input Impedance 50 ohms, nominal

FREQUENCY MODULATION:

Maximum Deviation 150 kHz, peak
Deviation Ranges 10 and 100 kHz, full scale
Deviation Accuracy 1% of reading for modulation frequencies

between 50 Hz and 5 kHz.
2% of reading, 5 kHz to 7.5 kHz.

NQTE: Peak residuals must be accounted
for to obtain the above accuracies.

Modulation Bandwidth <30 Hz to 15 kH=z
Residual F.M. With 3 kHz low-pass filter:
(R.F., Level >100 mV) <150 Hz, r.m.s., at 1.5 GHz, decreasing

linearly to a floor of <5 Hz, r.m.s.

With 15 kHz low-pass filter:

<200 Hz, r.m.s., at 1.5 GHz, decreasing
linearly to a floor of <15 Hz, r.m.s.

A.M. Rejection <100 Hz deviation at 50% a.m. (modulation
frequency < 1 kHz) 3 kHz low-pass filter.

1-2 8210-1182



§1-6, Continueq.
AMPLITUDE MODULATION

Modulation-Depth Ranges

10% and 100%, full scale

Depth Accuracy Modulation Accuracy
Fregquency 10% to 90% A.M. | <10% & >90% A.M.
50 Hz to 5 kHz 1% of reading 3% of reading
5 kHz to 7.5 kHz 2% of reading 6% of reading

Modulation Bandwidth

Residual A.M.

F.M. Rejection

AUDIO-FREQUENCY RESPONSE

Filters

Audio Distortion

Output Level

DISPLAY

Modulation

Annunciators

I.F. OUTPUT
Frequency
Level

POWER REQUIREMENTS

NOTE: Peak residuals must be accounted
for to obtain the above accuracies.
Carrier frequency <520 MHz; r.f. level
between -10 and +10 dBm.

<30 Hz to 15 kH=z.

With 3 kHz low-pass filter:
Less than 0.15% a.m., r.m.s., for input
levels above 100 mV, r.m.s.

With 15 kHz low-pass filter:
Less than 0.25% a.m., r.m.S., for input
levels above 100 mV, r.m.s.

NOTE: Carrier frequency <520 MHz; above
520 MHz residuals increase linearly with
frequency.

Less than 1.0% a.m.,peak, at 100 kHz peak
modulation.

3 kHz low-pass, 15 kHz low-pass, & 750 us
de-emphasis; corner accuracy is t 4%,
Jumper selects de—-emphasis either bhefore
or after the display.

Less than 0,25% t.h.d., for 75 kHz peak
deviation. <0.5% t.h.d., for 90% a.m,

F.M.: 1 vV, r.m.s., approx., into 600 ohms
at 1000 counts on the display.

AM.: 1 V to 1.2 V, r.m.s.

LED display; 1000 counts plus 50% over-
range; true peak, positive peak, negative
peak, or peak-average indications.

Display of settings of mode switch and of

filter., Digital display indicates level-
high, level-low and unlocked conditions.

400 kHz, nominal.
300 to 360 mv, approx., into 600 ohm load

100, 120, 220, or 240 volts, a.c., 50 to
400 Hz; 24 VA.

8210-1182 1-3



§1-6, Continued.

DIMENSIONS

WEIGHT

103 mm high x 218 wide x 278 deep
(4.1 in, x 8.6 x 11.0)

3.18 kg (7.0 1bs.), approximately.

OPTIONAL MODEL 8210-01

This model is the same as the standard Model 8210 except as follows:

AUDIO-FREQUENCY RESPONSE

Filters

FREQUENCY MODULATION

Deviation Accuracy

Modulation Bandwidth

Residual F.M,.
(R.F. Level >100 mV)

AMPLITUDE MODULATION

Depth Accuracy

The 15 kHz low-pass filter is replaced by
a 30 kHz low-pass filter; corner accuracy
is * 4%.

1% of reading for modulation fregquencies
between 50 Hz and 10 kHz.

2% of reading, 10 kHz to 15 kHz.

<30 Hz to 30 kHz

With 30 kHz low-pass filter:

<400 Hz, r,m.s., at 1.5 GHz, decreasing
linearly to a floor of <25 Hz, r.m.s,
With 3 kHz low-pass filter:

<150 Hz, r.m.s., at 1.5 GHz, decreasing
linearly to a floor of <5 Hz, r.m.s,

Modulation Accuracy

Freguency 10% to 90% A.M. | <10% & >90% A.M,.
50 Hz to 10 kHz 1% of reading 3% of reading
10 kHz to 15 kH=z 2% of reading 6% of reading

Modulation Bandwidth

Residual A.M.

NOTE: Peak residuals must be accounted
for to obtain the above accuracies.

Carrier frequency <520 MHz; r.f. level
between -10 and +10 dBm.

<30 Hz to 30 kH=z,

With 30 kHz low-pass filter:
Less than 0.35% a.m., r.m.s., for input
levels above 100 mVv, r.m.s.

Wwith 3 kHz low-pass filter:
Less than 0.15% a.m., r.m.s., for input
levels above 100 mV, r.m.s.

NOTE: Carrier frequency <520 MHz; above
520 MHz residuals increase linearly with
frequency.
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SECTION I
[INSTALLATION & OPERATION

2-1. INSTALLATION

a. _EEEEEEEES- The 8210 is shipped complete and ready for use. Unpack the
equipment from the shipping container and inspect it for any damage that
may have occured during shipment, Check that all connectors and switches
operate without binding.

NOTE: Save the packing material and container for possible use in reship-
ment of the B8210. See Figure 2-10 (p. 2-14) for the repacking method.

b. Mounting. For bench mounting, choose a clean, sturdy and uncluttered

mounting surface, For rack mounting, an accessory package (Model HNumber
950027) is available; it consists of two angle-mounting brackets, two flat
plates, four binder-head screws, and four lockwashers. To rack mount an

8210, proceed as follows:

(1) The B210 has one extrusion at each end of the front panel. On the
outside surfaces of these extrusions, where they join the cabinet,
are two strips of green pressure-sensitive tape. Remove or per-
forate these tape strips to expose the tapped mounting holes for
the rack-mounting brackets.

(2) Refer to the drawing in the accessory's package for the proper
orientation of the two mounting brackets.

{3) Mount the 8210 in the rack with standard rack-mounting screws
through the slotted holes in the angle brackets.

NOTE: If necessary, the feet and tilt bail may be removed from the
cover in order to clear any adjacent rack-mounted units,

¢. Power Requirements. The B210 can be operated on a.c. power sources of
100, 120, 220 or 240 volts, 50 to 400 Hz, single phase. The power required
is 24 vA at 120 or 240 volts, a.c.

CAUTION
Before connecting the 8210 to an a.c, power source, see
that the voltage-selector switches on the rear panel are
set for the available line voltage and that a fuse of the
proper rating is in the instrument's fuse holder: 0.25 &
for 100 or 120 Vv; 0.125 A for 220 or 240 V -- either Euse
to be type MDL Slo-Blo.

d. Cable Connections. ©Depending on the operating mode of the 8210,various
cables will have to be connected to it; these cables are not supplied with
the instrument, Connections that may be required are:

{1) R.F. Input. The RF IN connector of the B210 is a type BNC. The
input impedance is 50 ohms, nominal.

(2) I.F. Output., The 8210's i.f., output is available at the front-panel
BNC marked IF OUT. The level varies between 300 and 360 mV, r.m.s.;
the source impedance is 600 ohms, nominal.

(3) A.F. Output. The recovered audio signal appears at the front-panel
BNC connector labeled AF OUT. For f.m., the level is approximately
1 velt, r.m,s., into 600 ohms at 1000 counts on the digital display.
For a.m., the level is 1 to 1.2 volts.

8210-1182 ‘ -1



2-2. OPERATING CONTROLS, INDICATORS AND CONNECTORS
All contrels, indicators and connectors used during operation of the 8210
are shown in Figures 2-1 and 2-2. They are described in Table 2-1, below.

Table 2-1. Operating Controls, Indicators, and Connectors

ITEM FIGURE INDEX NO. FUNCTION
FILTER switches . 2-1 1 Select low-pass or de-emphasis
filters.
PEAK switches " 2 Select display of + peak, - peak

or peak average.

FUNCTION switches " 3 S5elect AM, FM or LEVEL display
functions.

RANGE switches " 4 Select desired full-scale
modulation range.

LED display " 5 Indicates modulation or i.f.
level--as determined by the
FUNCTION switch setting.

LINE switch " 6 Turns line power on and off.
RF IN connector " 7 Input signal connection point,
IF OUT connector " 8 Allows connection of 8210's i.f,

signal to external circuits.

AF OUT connector " 9 Allows connection of 8210's re-
covered audio signal to external
circuits,

Power connector 2-2 1 Input connector for a.c. power
cable.

Line-voltage switches " 2 Permit selection of appropriate

a,c. operating voltage.

Fuse holder " 3 Contains replaceable line fuse.

2-2 8210-1182
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Figure 2-1.

Model 8210,

Front View
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Figure 2-2.

Model 8210,
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2-3. PRELIMINARY CHECK

NOTE: The following preliminary check procedure is intended only to ensure
that all circuits are operating. If a detailed performance check against
specifications is desired, refer to subsection 2-6.

Before using the Model 8210, perform a preliminary check as follows:

a. Set the LINE switch to the "on" position. The LED display should in-
dicate "CAL," which means that the calibration sequence has begun., After
about 30 seconds, a series of dashes should appear on the LED display, in-
dicating an unlocked condition.

b, Apply a 100 mV (r.m.s.) unmodulated test signal, at a frequency between
2 and 520 MHz, to the RF IN connector of the 8210, The LED display on the
8210 should now indicate residual modulation. Note that two dashes on the
LED indicate that the B210 is executing an a.g.c. cycle.

c. Reduge the test signal to 5 mv. The display should indicate "IFLO."
d. 1Increase the test signal to 1.5 V, The display now should read "IFHI."

e. Decrease the test signal to approximately 0 dBm. The display should
read as in Step (b).

f. In turn, depress the three FILTER switches, and see that the associated
annunciators indicate the switch selection correctly.

g. Repeat Step (f) for the FUNCTION switches.

h. Depress in turn the three PEAK switches. A plus sign (+) will be shown
for the + PEAK switch, a minus sign (-) for the - PEAK, and no sign when
the AVG switch is depressed.

i. Depress in turn the RANGE switches. The decimal-point indication of
the display should move to left or right as each switch is depressed.

j. Connect an oscilloscope to the B210's IF OUT connector. Set the 'scope
so that it displays the 400 kdz i.f. signal of the 8210.

k. Modulate the test signal with approximately 50% a.m. Depress the AM
FUNCTION switch, the 100 RANGE switch, and the 15 kHz FILTER switch. The
display should indicate approximately 50% a.m.

1. Remove the amplitude modulation, and frequency-modulate the test signal
with approximately 50 kHz peak deviation., Depress the FM FUNCTION switch.
The display should indicate approximately 50 kHz deviation.

2-4. APPLICATION NOTES
The following paragraphs describe some typical applications for the Model
8210. The use of the B210 is not restricted to these applications, however,

a. F.M. Measurements. High-accuracy f.m. measurements are possible with
the B210, for modulating frequencies from less than 30 Hz to 15 kHz, and
deviations up to 300 kHz p-p. To achieve maximum accuracy, the signal
level applied to the RF IN connector should be greater than 100 mV, r.m.s.
Such signal levels reduce residual f.m. in the 8210 to a minimum value. To
further reduce residuals, the minimum measurement-bandwidth consistent with
the modulation frequency should be used. For instance: for measurements at
a 400 Hz modulation rate, the 3 kHz low-pass filter should be used.

Typical residuals for the 8210 are plotted in Figures 2-3 and 2-4; audio
response curves are plotted in Figure 2-5. Because the audio detectors in
the 8210 are true peak-responding, the residual noise is added to the re-
covered signal being measured, Peak-detector response to a signal plus

2-4 8210-1182
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12-4a, Continued,

noise is not linear, and is a function of the carrier-to-noise ratio and
the modulation waveshape. 1In most measurement situations invelving sinu-
soidal modulation, noise suppression is approximately 30%.

For example, if the peak residual indicated without modulation is 100 Hz,
and 10 kHz deviation is added, the resulting display would be 10.07. (Since
the 0.7 multiplier is an approximate value, there will be variation. How-
ever, the use of that figure guarantees that the resulting display will
always be within specification.) The assumption made is that the noise is
gaussian and that the carrier-to-noise ratioc exceeds 20 dB.

True r.m.s. measurements of the recovered audio signal will provide a more
precise indication of modulation in the presence of large amounts of noise.

b, A.M. Measurements. The 8210 makes possible fast, accurate indications
of amplitude modulation. Optimum accuracy is achieved with input signal
levels between =10 and +10 dBm (for lowest residuals), and the minimum
bandwidth consistent with the modulation frequency. As discussed above for
£.m., nolse suppression dges occur, and the 0.7 multiplier is used to sub-
tract added noise.

€. Spurious Responses. Most frequency-translating devices rely on a non-
linear circuit element to produce the multiplication required for frequency
translation. This non-linearity produces spurious mixing products, which
tend to "cross over" the desired i.f. and change its character. 1In con-
trast, the 8210 converts frequency by using a sampler, which is very linear
and which produces few spurious responses in the usual sense.

There are, however, a few points to remember when applying a sampling in-
strument 1like the 8210. If the input signal contains significant harmonic
power above the third harmeonic, an i.f. bheat can occur and thus produce
unwanted a.m. and f£.m. indications,

Signals that are not harmonically related can interfere if, when they are
mixed with any local-oscillator harmonic, the resulting sum frequency or
difference frequency appears near the B210's intermediate frequency.

EXAMPLE: Assume two input signals--the larger at 100 MHz, the smaller at
501.6 MHz. The local oscillator might be at 2.51 MHz so that its 40th har-
monic (100.4 MHz), when mixed with the 100 MHz signal, produces a 400 kHz
i.f. However, the 200th harmonic of 2.51 MHz is 502 MHz--which converts
the 501.6 MHz carrier to 400 kHz also. Since the two signals are not phase
coherent, a low-freguency beat will occur at the i.E. and produce spurious
a.m. and f.m. indications. The offending input signal should be filtered in
order to eliminate this interference.

d. Additional Applications. Information relevant to further applications
of the 8210 will be found in Boonton Electronics' Application Note #19:

High Accuracy AM-FM Measurements

with the Boonton 82AD Modulation Meter.

The Application Note is available free upon request to Boonton Electronics,
Inquiries regarding application of the 8210 to specific customer require-

ments are invited. ©Please direct any such inquiries to the Applications
Engineering Department of Boonton Electronics Corperation,

8210-1182 2-7



2-5. OPERATING INSTRUCTIONS

The operation of The Model 8210 is essentially automatic, requiring only
that the operator select the proper display function and baseband filter.
Paragraphs 2-5a and 2-5b summarize operating steps for a.m. and f.m. meas-
urements, respectively.

a. A.M. Measurements.

(1) Set the LINE switch to ON, and connect to the RF IN connector the
r.f. signal that is to be measured.

(2) After the 8210 has completed its calibration cycle, select the de-
sired measurement bandwith, Use the minimum bandwidth consistent
with the modulation frequency.

(3) Depress the appropriate PEAK switch, as determined by the amplitude
modulation measurement to be made.

(4) Depress the AM FUNCTION switch and the 100 RANGE switch.

(5) Read the percentage of a.m. modulation from the LED display. The
10 RANGE may be selected if the modulation is less than 15%.

b. F.M. Measurements., Operation of the Model 8210 for f.m. measurements
is basically the same as for a.m., except for the selection of Function and
Filter. For f.m. measurements, depress the FM FUNCTION switch and the ap-
propriate RANGE and PEAK switches,

Either a low-pass [filter or the 750 us de-emphasis filter may be selected
for the measurement. The de-emphasis filter may be placed before or after
the modulation display, according to an internal jumper selection. Units
shipped from the factory are normally wired for de-emphasis before the
display.

c. Level Function. The "Level" Eunction is included in the Model 8210 to
indicate the relative a.m.-detector operating point; it is required only
when an external indicator is used for making an a.m. measurement. when
the 8210 is operating properly, depressing LEVEL should always result in a
number between 0.95 and 11.5 on its digital display. TIf the reading on the
external indicator is now multiplied by 10,00, then divided by the Level
indication, the external indicator will be properly scaled.

The LEVEL pushbuton serves another purpose. If a malfunction occurs during
calibration, a condition code (the letters cc, followed by a number), will
appear on the digital display. It means that proper calibration could not
be accomplished. {Refer to Section IV for the meaning of each condition
code.) Depressing the LEVEL pushbutton releases the error condition, and
measurements can be made. Note, however, that the detector that malfunc-
tioned will not be properly calibrated.

In addition, the LEVEL button is utilized in several of the test routines
provided for troubleshooting the 8210. These routines are described in de-
tail in Section IV.

2-8 8210-1182



2-6.

PERFORMANCE VERIFICATION

The following tests may be performed when the Model 8200 is first received,
Thereafter, performance verification should be needed only after repair to

the instrument.

NOTE :

In these verification procedures,
followed by data

in parenthesis,

apply to instruments with the -01 Option installed

a. Test Equipment Required.

for verification of performance of the 8210.

some settings or results are
These parenthetical entries

Table 2-2 lists all test eguipment required
other models of test equip-

ment that meet or exceed the Critical Specifications may be used instead.

Table 2-2. Recommended Test Equipment for Performance Verification
EQUIPMENT CRITICAL SUGGESTED
SPECIFICATIONS MODEL
Signal Generator A.M.-F.M., 0,01 to 520 MHz, Boonton Electronics

-30 to +10 dPm level, T.H.D.

<0.05% at 75 kHz Deviation
at 100 MH=z

102E-1%

Signal Generator

C.w., 1.5 GHz,
=30 to +7 dBm

Hewlett-Packard
8660C & B86603A

Crystal-
Controlled Source
or Synthesizer

¢ 3 Hz residual f.m. at
500 MHz in 15 kHz bandwidth

Ailtech
460

Voltmeter

10 mv full-
100 kHz

True r.m.s..
scale sensitivity,
bandwidth

Boonton Electronics
93AD

Double-Balanced

+7 dBm, l.o. Range of 1l.,o0.

Mini-Circuits

Mixer & r.f.: 0.5 - 500 MH=z ZAD-1
Audie Oscillator Range: 20 Hz - 20 kHz Hewlett-Packard
< 0.1% t.h.d. 204C

Resistor 10 k9, 1/4 W, 5% Allen Bradley
AB-EB

Resistor 620 9, 1/4 W, 5%

Power Supply +10 v, d.c. Power Designs
5015T

Capacitor 1000 pF, 6 w.v,d.c, = ==-==--

Distortion Range: 20 Hz - 20 kHz Radiometer

Analyzer Resclution: 0.1% t.h.d. BKF10
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§2-6, Continued.

b, R.F. Input Sensitivity.

(1) Connect the 8210 and test equipment as shown in Figure 2-6.
(2) Depress the switches of the 8210 as indicated in Figure 2-6.

(3) Apply a 10 MHz, 10 mV r.m.s. signal from the Model 102E-19 signal
generator to the RF IN connector of the 8210, The 8210 should in-
dicate "lock" and adequate signal level for a measurement,

{4) Change the r.f. input to 500 MHz. Indications should be the same
as in Step (3).

(5) Connect the Model B660C signal generator to the RF IN connector of
the 8210. Set the signal generator's controls to provide an r.f.
input of 30 mV, r.m.s., at 1500 MHz. 1Indications as in Step (3).

BOONTON mane WHa LY
HEI0 MODULATION METER 11H1 R sm
10 voLTe

FILTLR PEAK FUMNG TION RANCE

Bl (] -~

rwsan wour  wrour me[ | o[ e s ]
- 1300 mmg 0 al

900 0-m = I

SIGNAL
GENERATOR
102E |
[
|
|
|
I
} NOTES:
I i. M INDICATES DEPRESSED
I SWITCH.
2.—— INDICATES INITIAL
SIGNA
L b CONNECTION,
GENERATOR 3.-—— INDICATES SUBSEQUENT
CONNECTION.

831240

Figure 2-6. Test Setup: R.F. Input Sensitivity

c. Deviation Accuracy. Verification of the deviation accuracy of the 8210
is not usually required. 1If there is any doubt as td the operation of the
internal calibrators, refer to Section IV for maintenance instructions, or
to Appendix A for operation of the calibrators.
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d. Residual F.M.

(1) Connect the 8210 and test equipment as shown in Figure 2-7.

(2) Apply the 500 MHz signal, at 0 dBm, from the test source to the RF
IN connector of the 8210,

(3) Depress the switches of the 8210 as indicated in Figure 2-7.

(4) Connect the r.m.s, voltmeter (without 600 @ termination) to the AF
‘"OUT connector on the 8210,

(5) set the voltmeter for 100 kHz bandwidth and 30 mV full-scale sensi-
tivity. The voltmeter should indicate less than 13.3 mv (26.6 mv).

(6) Depress the B210's 3 kHz FILTER switch. The voltmeter should read
less than 10 mV.

NOTE: The display of the 8210 indicates true peak deviation; therefore
the display's readings will always be two to three times higher
than the r.m.s. readings of the voltmeter.

BOONTON I8 WM iy DY
BLID MODULATION METER 3 uHr % i
THD pe voLTe
B -] ~B <]
racsr wn we -0 -CJ <O -
© O Q~-m [T
A AY RES MAY LINE
NOTE:
Bl INDICATES
CRYSTAL TRUE RMS DEPRESSED
CONTROLLED SWITCH.
SOURCE VOLTMETER
500.00 MHz R
a3|2q)
Figure 2-7. Test Setup: Residual F.M. and Residual A.M.
e. Residual A.M.

(1) Connect the eguipment as shown in Figure 2-7,

(2) Set the 8210's controls as indicated, but select the AM FUNCTION.
(3} Set the voltmeter to 100 kHz bandwidth and 100 mV sensitivity.

(4) The voltmeter should indicate less than 50 mvV (70 mv).

(5) Sset the 8210's FILTER to 3 kHz, and voltmeter sensitivity to 30 mv.

{(6) The voltmeter should indicate less than 30 mv.

8210-1182 2-11



§2-6, Continued.

f. A.M. Rejection.
(1) Connect the 8210 and test equipment as shown in Figure 2-8.

(2) Set the B8210's controls as shown in Figure 2-8.
(3) Apply a 30 MHz signal, at 0 dBm, from the generator to the mixer.

(4) Adjust the power-supply output voltage to +10 V d.c. Adjust the
audio source for approximately 50% indicated a.m. at a 1 kHz rate.

{5) Change the 8210's FUNCTION to FM.

(6) Vary the r.f. level between 0 and +10 dBm for a deviation null. The
display should indicate less than 100 Hz peak f.m. (Residual noise-
modulation must be subtracted,)

g. A.M. Audio Distortion. NOTE: Step 2-6f, the A.M. Rejection check,
should be completed before performing this verification. Leave the equip-
ment set up as in Figure 2-8.

(1) Adjust the audio oscillator for 90% a.m. at a 1 kHz rate.

(2) The distortion analyzer should indicate less than 0.5%.
(3) vary the audio oscillator frequency from 50 Hz to 10 kHz.
(4) The distortion should be less than 0.5% at all frequencies.

h. Audio-Frequency Response, 15 kHz. NOTE of Step 2-6g applies here also.
(1) Depress the AM FUNCTION button.

(2) Adjust the frequency of the audio oscillator to 1 kHz; adjust its
amplitude for an indication of 60.0% a.m.

{3) While maintaining a constant audio-oscillator amplitude, vary the
modulation frequency between 50 Hz and 5 kHz (10 kHz).

{4) The indicated a.m. should be between 59.4% and 60.6% for all modu-
lation frequencies.

BOONTON
10 BOBULATIOW NETER LEL = aw

SIGNAL
GENERATOR u]g'l_xgzb-l
IG2E

+—
B
@ .
i
H
&

+—D

POWER SUPPLY 10K

SOIS5T
NOTE:
BB 'NDICATES DEPRESSED
AUDNO 1000aF 620 SWITCH.
OSCILLATOR 3t

HPzQ4C

831242

Figure 2-8. Test Setup: A.M. Rejection, A.M. Frequency Response,
and A.M, Audio Distortion
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(35)

(6)

Continued,

Increase the frequency to 7.5 kHz (15 kHz). The indicated a.m.

should be between 58.8% and 61.2%.
Increase the frequency to 15.0 kHz (30 kHz). The indicated a.m.
should be between 40.4% and 44.3%.

i. F.M. Audioc Distortion.

(1)
(2)
(3)
(4)

(5)

Connect the 8210 and test equipment as shown in Figure 2-9,.
Set the controls of the 8210 as shown.
Set the signal generator to 100 MHz, 0 dBm, and external f£.m.

Adjust the level of the audio oscillator For 75 kHz peak deviation
at a 1 kHz rate.

The indicated distortion should be less than 0.25%.

(6) Repeat Step (4)

for modulation rates of 50 Hz and 10 kHz.

BOONTONM
8210 MODULATION METER

19 My
Lo
740 pe

PMs BEY
% am
VoLt

FILTER

PEAK FUMCTION RANGE

=~ L]~ -
we 1 -3 ~CJ -]

®F N, 30 IF DuT
Z-1500 Wry L

£

@ e

[T

LINE

}
|
SIGNAL '
GENERATOR |
102E |
o I
| NOTES:
| i. Il 'NDICATES
| DEPRESSED
AUDIO SWITCH,
2, -—— INDICATES
OSCILLATOR DISTORTION SUBSEQUENT
HP204C ANALYZER CONNECTION.
B31243

Figure 2-9.

j. F.M. Rejectien.

{1) Connect the equipment as shown in Figure 2-9,

{2) Set the controls of the 8210 as indicated,.

{3) Adjust the audioc oscillator's frequency to 1 kHz;

tude for a 100 kHz peak deviation.

Test Setup: F.M. Audio Distortion and F.M. Rejection

(4) Change the 8210's FUNCTION to AM and its RANGE to 10,

(5) The display should indicate less than 1.0%, peak.

8210-1182
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§2-6, Contlnued.
k. Audio~Fregquency Response, 3 kHz.

(1) Connect the equipment as in Figure 2-9,
(2} Set the B210's controls as shown.

(3) Adjust the audio oscillator's frequency to 300 Hz, then adjust its
amplitude until the 8210 reads 100.0 kHz.

(4) Without changing the audio oscillator's level, adjust its frequency
to exactly 3.00 kHz.

(5) The Model 8210 display should indicate between 67.5 and 73.8 kHz.

1. Audio-Frequency Response, 750 us De-emphasis.

(1) Connect the equipment as in Figure 2-9.
(2) Set the 8210's controls as shown.

(3) Adjust the audio oscillator's frequency to 212.2 Hz, then adjust
its amplitude until the 8210's display indicates 100.0 kHz.

(4) Change the 8210's FILTER to 750 ps.

{5) The display should read between 68.0 and 73.5 kHz deviation.
m. A.M. Depth Accuracy. Verification of the a.m. depth accuracy of the
8210 is not required. If there is any doubt as to the operation of the

internal calibrators, refer to Section IV for maintenance instructions, or
to Appendix A for operation of the calibrators.

Figure 2-10. Packaging Diagram
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SECTION IIf
THEORY OF OPERATION

3-1. INTRODUCTION

The 8210 is a compact, microprocessor-controlled, internally calibrated,
a.m.-f.m. modulation meter that covers the carrier-frequency range of 2 MHz
to 1.5 GHz. Amplitude modulation or frequency modulation is displayed on a
four-digit LED display that provides a maximum resolution of 0.0l% a.m. or
10 Hz deviation. signal acquisition, display operation, calibration, and
instrument control is accomplished using a microprocessor.

Operation of the 8210 is fully automatic. The largest signal present at the
RF IN connector is converted to a 400 kHz intermediate frequency, which is
adjusted to a convenient level for a.m. measurements. The modulation depth
of a.m. signals is equal to the peak amplitude of the recovered audio sig-
nal divided by the d.c. level of the a.m. detector. The deviation of an
f.m. signal is equal to the peak amplitude of the recovered signal. The
recovered modulation is converted into a proportional d.c. level, then into
a digital display, by microprocessor-controlled detectors and an analog-
digital (A-D) converter,

3-2. CIRCUITS: GENERAL DISCUSSION .
For this discussion the circuits of the 8210 are grouped by function, as

follows: r.f., i,f., calibrator, a.f., logic, and power-supply circuits,
Refer to Figure 3-1, a simplified block diagram of the 8210.

IF
400kH:  OUT

RF l

IN RE RECOVERED AUDIQ (FN) AE
™ ciRcuITs T e 17 o | Mume | ouT
CIRCUITS RECOVERED AUDIO {AM) CIACUITS
a
E -
- u
g g
N g -
5 s g - g &
3 2% CALIBRATCR =3 — = &=
= Iz CIRCUITS 5 |~ 5 o
3 3 =3 & o -
& e Q [r) i
2o -3 S
8 <
wa

LaGic clAcuiTs

+I3v =13V +3Vv +3L -75V

N

POWER FRONT PANEL
SUPPLY SWITCHES

| LED DISPLAY

H3/230V

Figure 3-1. simplified Block Diagram

a. R.F. Circuits. The r.f. input signal to be measured is applied to the
r.f. circuits through the front-panel RF IN connector. This signal passes
through a fixed 3 dB pad to a zero-order hold sampler. The sampler is fully
bootstrapped to accept signals as large as 1 Vv, r.m.s., without overload.
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%3-2a, Continued.

A sampling pulse, generated from a tunable local oscillator, converts the
r.f. signal into an i.f. signal at approximately 400 kHz. The i.f. signal
is passed to the i.f. circuits and also through a filter to a limiter, a
discriminator, and an error amplifier. Automatic frequency control is ac-
complished by these circuits in conjunction with the microprocessor.

b: I.F. Circuits. The i.f. signal from the sampler is filtered and ampli-
fied, then coupled to a.m. and f.m. detectors through a digital-to-analog
(D-A) converter configured as a variable-gain element., The logic circuitry
adjusts the converter so as to maintain a convenient d.c. level at the out-
put of the a.m. detecter. The last-mentioned is a linear active detector,
which recovers the amplitude modulation of the i.f. and provides a d.c.
signal proportional to the i.f. level. A portion of the a.m. detector out-
put signal is used to drive a monostable multivibrator, which detects the
f.m. modulation of the i.f. signal. Both a.m. and f.m. signals are ampli-
fied and applied to the a.f. circuits through a switch. During calibration,
the signal from the r.f., circuits is disconnected frem, and the calibrator
signal is connected to, the i.f. circuits.

P Calibrator ' Circuits. The calibrator circuits, which are activated
when the 8210 is turned on, consist of a variable-modulus counter circuit
and a precision attenuator. The variable-modulus counter is alternately
programmed to divide the output of a 3.579 MHz crystal-controlled oscilla-
tor by eight or by ten. The resulting signal has an average frequency of
402 kHz, approximately, and a peak deviation of 44.74 kHz. This signal is
used to calibrate the £.m. detector, In addition, a fixed-frequency signal
is applied to a switchable attenuator, which is alternately programmed to
attenuate by two-thirds and by one-third. The signal from the attenuator
has an amplitude variation of two to one, and therefore is equivalent to a
signal with 33.33% a.m.

d. A.F. Circuits., The recovered audio signal from the a.m. or the f.m,
detector (as determined by the FUNCTION switch), is filtered by an active-
filter circuit to remove i.f. components. Baseband processing circuitry,

in the form of selectable low-pass filters, additional gain, and precision
peak detectors--all under the contrel of the logic circuity--convert the
recovered signal into a digital display.

e. Logic Circuits. The logic circuits consist of a central processing
unit (CPU), read-only memory (ROM), random-access memory {RAM), peripheral
interface adapters (PIA), and a digital-to-analog converter (DAC). The CPU
operates under control of a microprogram, stored in ROM, to monitor the
frequency contrel, level control, peak-detector circuits, and the front-
panel switches. 1In addition, the CPU controls and updates the front-panel
displays, and operates all internal control circuits.

£. Power-Supply Circuits. The power-supply circuits convert the a.c. line
voltage into well regulated d.c. voltages. Five power-supply voltages are
used ko operate the circuits in the 8210: +15, -15, -7.5, and separate +5
supplies for the analeg and for the digital circuits.

3-3. CIRCUITS: DETAILED DISCUSSION ‘ . )
a. R.F. Circuits. The r.f. circuits convert the r.f. input signal that is

to be measured into a 400 kHz i.f. signal. With the assistance of a micro-
processor, a local-oscillator signal is generated and controlled so as to
maintain this intermediate frequency. {Refer to Figure 3-2, a detailed
block diagram of the r.f. circuits,)

{1) The input signal applied to the front-panel RF IN connector, Jl, is
passed through connectors J2 and Pl to a fixed 3 dB pad, which con-
sists of R2-R4. This pad reduces the r.f. level, and improves the
impedance match to the incoming signal. The output of the pad is
connected to a sampling gate consisting of diodes CR2a-CR2d. The
sampling gate and sampler amplifier, consisting of transistors Q2

3-2 8210-1182
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3-3a(l), Continued,

(2)

through 06 and associated components, constitute a zero-order hold
sampler,

The operation of the sampling gate is shown in simplified form in
Figure 3-3, Each time the sampling gate is closed, by a short-
duration pulse, the input capacitance of the sampler amplifier plus
any stray capacitance is charged to a voltage that is less than the
instantaneous r.f. input voltage. Before the next sample is taken,
positive feedback from the sampler amplifier causes additional
charge to be placed on this capacitance. Charge is added until the
output voltage of the sampler amplifier is equal to the r.f. input
at the time the sample was taken. This output voltage is held con-
stant until the next sample is taken. Sucessive samples are taken
until the r.f. waveform is reconstructed at 400 kHz. Additional
feedback from the sampler amplifier maintains symetrical reverse
bias on the sampling gate. R10 adjusts the bias magnitude, and Rl14
adjusts the bridge balance.

RF SIGNAL INPUT T c1a —J—ﬁ—\—\_‘_l_h

|
|
1
!
o— ; —o
|
I
|
|

SAMPLEA QUTPUT

EXTEANAL LOCAL QSCILLATOR SIGNAL)

Illlllllz
SAMPLING PULSES 1

[DERIVED FROM INTERNAL OR

{3)

{(4)

(5)

Figure 3-3. Sampling Gate: Simplified Operation

The output of the sampler amplifier is connected to a switchable
20 dB attenuator, consisting of R34, R-35, and Ud4a. The attenuation
is selected by the control program whenever the r.f. input level
exceeds approximately 100 mv, amplifier US increases the signal
level about four times before it is coupled to the i.f., circuits.
The output of U5 is connected alsoc to a switchable low-pass filter
composed of USb, L6, L7, L9, L10, C36, C37, C42, C43, C45 and C46,
This filter eliminates most of the local-oscillater signal at the
input of the limiting amplifier UB. A level-shift circuit, which
consists of CR11, CR12, C57 and R71, translates the limited 1i.f,.
signal to TTL levels in order to operate U9--a monostable multi-
vibrator. The duty cycle, and thus the average value, is propor-
tional to frequency. R64 sets the operating level of U6b to zero
volts, d.c., when the intermediate Erequency is 400 kHz. ,

The output of U6b is connected to integrating amplifier U6a through
a veltage divider formed by R58, R60. This attenuation is needed to
preserve low-frequency f.m. response at high carrier frequencies,
CMOS switch U7 can be programmed to "dump” the integrator or to by-
pass the input veltage divider on command from the logic circuits.
The output of the integrator is resistively coupled to the varactor
diodes CR9 and CR10.

The local oscillator, composed of FET QB and associated components,
is voltage-tuned. The frequency is determined by a tuned circuit
consisting of L2 and varactor diodes CR% and CR10. As the voltage
at the ouput of Uéa varies from +11 to -11 velts, the oscillator's
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frequency changes from less than 30 MHz to approximately 40 MHz,
Level shifter Q7 increases the signal to TTL-compatible levels to
drive both U3d (a buffer), and Ulb (a divide-by-two stage). U2 and
U3a-c are configured as a programmable counter, able to divide by
four, by five, or by six, as controlled by the logic circuitry. By
sucessively changing the divide modulus, three overlapping bands
{extending together over one octave), are generated.

(6} The sampling pulses are generated by the step-recovery diode CR3,
amplifier Ql, and transformer Tl. 1Initially, dicde CR3 is forward
biased from the 45 volt supply through R5. Ula generates a narrow
pulse from the ocutput of the counter., This pulse, amplified by Ql,
drives the step-recovery diode into reverse conduction; however,CR3
does not "open™ until all of its stored charge is depleted. At that
time the diode recovers and produces a large narrow pulse, which is
coupled to the sampling bridge through T2, a balun transformer. The
cutput of T2 is two nearly equal opposite-polarity pulses. If the
two pulses were exactly equal and opposite, they would cancel one
another at the input and ouput of the sampling bridge. Since such
equality is never the case, however, R14 is adjusted to null the
bridge-input signal--and thereby the signal fed out of the RF IN
connector.

(7) Frequency acquisition occurs in the following manner: If no carrier
is present at the input (RF IN), the discriminator level indicates
that the frequency is high. The integrator ramps toward the nega-
tive supply rail until it has exceeded 11 volts. At that time the
integrator is reset to 0 wvolts, the integrator attenuator is by-
passed, and the count-modulus of the band counter is changed. This
process continues until a carrier signal is applied to the RF 1IN
connector.

(8) When a carrier is applied, an i.f. signal will be produced at a
frequency that is between zero and one-half of the sampling rate.
This signal is hard-limited, then applied to a discriminator which,
in turn, causes the integrator to move toward one or the other of
the supply rails--depending on whether the i.f. is high or is low.
If a valid 400 kHz i.f. is produced the integrator stops, and the
by-pass of the integrator attenuator is removed. If no valid i.f,
occurs, the integrator output will eventually exceed either +11 or
-11 volts. Then the integrator will be reset, and the band-counter
modulus will be either increased or decreased. 1In this way, all
possible input frequencies can be made to produce a valid i.f,

(9) The capture performance of the system is determined principally by
the limiter's gain and the bandwidth of the sampler. Weaker signals
at the r.f., Input (non-harmeonically related to the signal of inter-
est) will be supressed, since the largest signal present will drive
the limiter to a low-gain state. These weaker signals will appear
as f.m. sidebands at the output of the limiter.

b. I.F Circuits. The i.f. circuits recover the a.m. and f.m. signals from
the freguency-shifted input signal. These circuits also provide a sample
i.f. signal to the front-panel IF OUT connector; in addition, for a.m,
measurements, they provide a d.c. signal proportional to the. i.f. level,
{Refer to Figure 3-4, a detailed block diagram of the i.f. circuits.)

{1) The 400 kHz i.f. signal from the r,.f. circuits is connected to am-
plifier U2 through a low-pass filter that consists of inductors L1
through L3, capacitors Cl1-C2, and resistors R3, RS and R6, Variable
resistor RS reduces the Efilter's amplitude-response variations,
which are due to component tolerances. It is adjusted so as to give
minimum a.m. indication when an f.m. signal is applied. Amplifier
U2 has a closed-loop gain of four (approximately), as determined by
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{2}

(3)

{4)

(5)

(6)

R3, R5, R6 & RB. The signal is then connected to calibrator switch
U3, and a.c.-coupled to DAC U4, The gain of the DAC is determined
by the digital byte appearing at inputs B1-B8. The logic circuitry
varies this byte in order to maintain the d.c. output of the a.m.
detector between 0.5 and 0.6 volts. The amplifier that consists of
U5, 03, and associated components, increases the i.f, level and
provides the high output impedance necessary for driving the linear
active detector circuit. The signal at the emitter of Q3 is buf-
fered by U8 and routed to the IF OUT connector.

The active detector circuit, which comprises transistors Q4 through
06, diodes CR6-CR7, and associated components, converts the input
current into two half-wave-rectified signals., The circuikry of Q4-
Q6 yields maximum gain and a high output impedance for driving the
feedback network. The two half-wave-rectified signals at the out-
puts of CR6 and CR7 are added to complete the feedback path.

The output at detector diode CR7 is a signal that contains a d.c.
component proportional to i.f. level, and an a.c. component propor-
tional to modulation depth. This signal is lightly filtered by R47
and C27, and amplified by U9a. The output of U9a is connected to
the a.m.-f.m. switch Ul4.

A portion of the linear active detector's output is coupled to a
limiter circuit via impedance transformer Q2 and associated com-
ponents, The limiter, consisting of CR4, CR5, R22 & R17, removes
most a.m. from the i.f. signal. The resulting signal is amplified
to TTL levels by amplifier Ql, then differentiated by €9, R19 and
R20. The TTL gates Uba and Ubb amplify the differentiated signal
into a narrow TTL pulse to drive U7, a monostable multivibrator.

The period of U7 is 1.25 ps, approximately. The network consisting
of R43-R46 and CRB confines the peak-to-peak amplitude of U7's out-
put to four volts., As the intermediate frequency changes, the duty
cycle of the multivibrator--and consequently the average value of
the waveform--changes proportionally.

The signal is lightly filtered by R48 and €28, then amplified and
level-shifted by U%b. The signal is routed to the a.m.—-f.m. switch
Ul0, and to the audio circuits.

c. Calibrator Circuits. The calibrator circuits provide the reference

calibration signals for the 8210's a.m. and E.m. detectors. See Figure 3-5.
{In addition to the circuit description given below, technical information
on design and operation of the calibrator circuits appears in Appendix A.)

(1)

(2)

The 1.79 MHz signal from USa, pin B, is connected to the clock in-
put of synchronous counter U9. The counter is configured to self-
load its data inputs at the end of each count cycle. By varying
the input data with an 874 Hz signal from Ulf, pin 2, the divide
modulus is changed from four to five. The signal that results syn-
chronously switches from 357.9 to 447.4 kHz, producing an average
frequency of 402,6 kHz and deviation of 89.48 kHz, p-p. This signal
is used to calibrate the f,m. discriminator. The signal is con-
nected to data selector UlZ, along with a signal at 447.4 kHz from
U3, pin 6, and an 874 Hz signal from Ulf, pin 2. The outputs of
the data selector are contrelled by the signals from U-16, pins 39
and 17. During the calibration cycle Ul6, pin 17, is "low;" pin 36
is set "high" for a.m. calibration, and "low" for f.m. calibration.

When the calibration routine initially selects AM FUNCTION, the
outputs of the data selector are the signal from U3, and the B874-
Hz signal from UlE, pin 2. The 447.4 kHz signal is routed through
a low-pass filter consisting of L1, L2, C6, CB and Cl0 to the i.f.
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Calibrator Circuits: Detailed Block Diagram

Figure 3-5.
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A.F. Circuits: Detailed Block Diagram

Figure 3-6.
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circuits. This signal is amplified (x2) by A3Ul1 and applied to the
voltage divider A3R7. The analog switch A3U3 is controlled by the
874-Hz signal from B4Ul2 so as to switch between two taps of the
divider. The voltage ratio is exactly two, therefore the equivalent
a.m, is 33.,33%. This signal is coupled through an attenuator (Rll
and R12) and the second half of switch A3U3 to the i.f. circuitry.

d. A.F. Circuits, The audio circuits process the recovered modulation
signal supplied from the a.m. or the f.m. detector circuits--as determined
by the front-panel FUNCTION switch. The recovered signal is filtered and
converted to a d.c. level, which is then measured; the result is presented
on the front-panel LED display. Refer to Figure 3-6.

(1) The signal from the output of the a.m.-f.m. switch Ul0, is filtered
by active filter U9c¢ and associated components. This filter is part
of a three-pole 60 kHz filter, which removes most of the i.f. com-
ponent from the recovered signal., The filtered signal is then a.c.
coupled to a 20 dB attenuator: R59, R60. CMOS switch Ull selects
either the signal, or the attenuated signal, as determined by the
front-panel RANGE switch, additienally, the logic circuitry can
program Ull to disconnect the recovered signal in order to prevent
audio-circuit overload when the instrument is unlocked,

{(2) The signal is then amplified (x11) by U9d and is coupled to the 15
kHz filter, the 3 kHz filter, and the 750 ps de-emphasis network.
Ul2a and associated components form the 15 kHz filter; Uléb and
associated components form the 3 kHz filter. Both are three-pole
Butterworth types. The 750 us de-emphasis network is a single RC
section: R69, C45. A jumper circuit is provided to give the option
of connecting the de-emphasis network either before or after the
measuring circuits.

(3) CMOS switch Ul3 selects one of the three filters, as determined by
the front-panel FILTER switch. In addition, the logic circuitry
can program Ul3 to select--during calibration--a filter consisting
of R67, R70, R72, C43, C46 and C48. ©One of the outputs of Ul3 is
amplified {(x 2.8) by Ul4 and routed to the front-panel AF OUT con-
nector. The other output is buffered by voltage-follower Ul2c and
a.c. coupled to Ul5, an auto-zero switch. Ul5 is operated by the
logic circuitry to disconnect the recovered signal for a peried of
time adequate to determine the output of the peak detectors with no
input. The switch is then closed, and the modulation signals are
connected through buffer Ul2d to the peak detectors.

(4) The positive-peak detector consists of U24, U2la, CR1l, CR3 and Cl3.
During the positive excursion of the modulating signal, the output
of U24 is driven positive; Cl8 then charges through CRl. U2la buf-
fers the voltage across Cl8, and adds a small offset. When the
output of U2la reaches a value egual to the peak of the waveform
plus a small increment, the output of U24 goes negative and thus
terminates the charging. The voltage at the output of U2la is then
equal to the positive peak of the modulating signal.

(5) similarly, U23, U2lb, CR4, CRE and Cl7 constitute a negative-peak
detector. In addition, U22 provides a means for resetting both
detectors for auto-zero measurements,

e. Logic Cirecuits. The logic circuits generate all control and display
functions in the B8210. The logic circuits consist of a CPU, 4096 bytes of
ROM, 256 bytes of RAM, two PIA's, a DAC, and several IC gates and drivers.

The CPU, U8, is controlled by a program stored in ROM (Ull, U13). Temporary
program variables and subroutine return addresses are stored in RAM (Ul4,
U15). The 8210's control functions are directed by Ul6, a PIA; keyboard

3-10 8210-1182
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Logic Circuits: Detailed Block Diagram

Figure 3-7,.
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