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Power Supply requirements: 105-125V, 50-70 cps AC

TECHNICAL DATA

Power Consumption: 35 watts at 115V

Meter Scales:

o

BETA

Ranges:

o

VCE

Ic

Meter

0-100

0-100
0-300

0-2
0-5

0-5

Sensitivity - 100 pa, 100 MV

AC Test Signal

1000 cps sine wave, variable from 2.5 ua to 10 pa

Calibration setting at S pa

Tube Complement
Tube
Vi 6X4
V2 OB2
V3 12AT7
V4 6AWS

Function

Power Rectifier

Voltage Regulator

1/2 - 1000 cps phase shift oscillator
1/2 - cathode follower

AC Bridge
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1. PufE' ose

‘2. General Description

11 DESCRIPTION

The H1ckok Model 870, DYNAMIC BETA TRANSISTOR TESTER, is designedtotest
all small, medium. power, and power transistors.under typical operating conditions,
The versatile features of the Model 870 permit an excellent test of switching type
traunsistors.

The Model 870 offers the features of two separate tranmator test instruments:

a.-, An AC BETA TESTER (Small Si -1 Test)

b. A DCBETA TESTER (Medium and Large S1gua1 Test)

For ease of operation the frout panel of the mstrument has been divided into two
major sections. The AC BETA section on the left side, and the DC BETA section on
the right side of the front panel. Each section is clearly marked by a surround-

ing borderline. All receptacles and coutrols pertammg to each section are grouped

within this area.

All operating: controls common to bOth the AC and the DC section are located outside
of the borderlines. . _

‘The instrument may be operated wu:h any. data taken from a traunsistor handbook
specification sheet or chart. - |

For quick and convenient reference, a rollchart listmg all essential test 1nforma- _

tion has been included in the instrument For a small fee, replacement charta will
'be made available | |

:A large meter, the dlals of which are clearly marked, permits excellent readablhty
All parameters are made variable over a wide range to make the Model 870 aversa-
tile rehable and accurate test mstrument '

Funcnonal Descri otion

The Model 870 is designed to perform the following functional tests:

a. ICBO | | Collec tor cuteff current

b. AC BETA  Small signal current transfer ratio at 1000 cps
c. DCBETA  DC currett transfer ratio

4. Iogo ]

e IcEs ) Collector leakage currents

f. Icgr ;

g. VC E( sat) COllec tor saturation voltage

h. AC Input Impedance

at given operating point |
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III THEORY OF OPERATION

“HI. A thorough understanding of the theory behind the operation of any instrumeént will en-
| able the user to obtain greater utility and satisfaction from thé instrument. For this

reason a brief description of the principal circuits of the instrument and diagrams of the
basm teSt C1rcu1ts are glven

T i
b

To meet the rather complex power requirements of the Model 870, the power supply
consmts of 3 sections '

Tk
. PR T .o
..tL- i LI n _1\]I _.f::“.-:_‘.__l.iﬂ_. "?.",

b The lbw vﬁltage supply

c. The chargtng circuit

) _"_(l) The mtermethate voltage supply counsists of the power transformer, a recti-

fier tube, type. 6X4, a IlNl_695 silicon rectifier, two.pi-type filter networks

~ and an OA2 regulator. The latter. is mStalled to assure good stabﬂ1ty of the
highly sensmve AC Br1 o

i _;_e cucuit

S S
N LR ) e .
! ~ A - -t

f

'(2) The low voltage sulil@* 1ploys two nickel cadmium rechar

oly em';_ﬁ__,_f_oys two mclcei cadmtum rechargeable batteries, |
SV 0.800 at 6 volts and a 5V. 0, 080 at 6 volts of nominal voltage These bat- -

b

aé:'{‘-'_-‘-':-' :}
L L Ee) Ey
. =t

ter1es are used to gwe exc_' -'lent -e_f1ab111ty and long 11fe

e R L -
el .----:'---‘"4'1-'*?"-

(3) The chargmg network consists of te charging transformer T2 an SD91 sili-

“con rectifier and four resxstors, R36, R60, R61 and R62 which -filter. and -
limit the charging current,

Ihe Audio Oscillator:

The AG test signal is generated by a phase shift oscillator using 1/2 of V3, 12AT7.
1 'is 's"1gnal is fed into an 1mpedance converter cathode follower, - ;sta,,ge which ut1l- |
1zes the 0ther 1/ 2 of V3. '

'_”The AC Brldge

The AC Bridge circuit consists. mamly of two. high gain amplifier stages, (6AWS8),
and a crystal diode bridge detector. The circuit is highly degenerative to provide

for excellent stability. The input sens:.twn:y of the bridge ampllfter is 50 MV P-P
or 17 6 MV RMS for full deﬂecuon of the meter,

' _The Metering Circuit:

The 1nd1cator used in the Model 870, a 66K type meter, has a sensmvuy of 100 ua,

- -withan interual resistance of 1000 ohms. For the purpose of meter protection agamst

overloading, a silicon diode, type SD91 is connected across the meter terminals.

 This diode will conduct and bypass any excess current that would cause damage to

the meter

~ Selectors and Controls:

- a. Test Selector

As mentioned in the general descr1pt1on, the tester has been divided into an AC
BETA section and a DC BETA section. The setting of the TEST SEL ECTOR
‘makes. the choice:between the AC BETA test on the left side.of theinstrument
(posumn 1) or DC BETA test on the right side of the instrument panel. (Position

| _l. 3_ _
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*?_:wﬂl Be mﬁfumined in s '

-AC sn:d DC B E‘TA secﬂcms‘

2 aud 3). The TEST SELBCTOR in position 1 activates the AC BETA test sec-

l:ion while disabling the DC BETA test section. The TEST SELECTOR in posl-

r 3 disables the AC BEI‘A test section.

~ The TYPE SELECTOR is a reversing switch which changes the polarlty of the

voltages apphed to the transistor under test.

B The VCB switch is a step selector which varies voltage between collector and
~base in equal steps of 5V from O- 100V The %cg selector is used for the Icgo,

| IC EI)’ IC ES and IC ER test Oﬂly

trickle charge may be left on

fﬁdeﬁnitély The HIGH _;_,,,ﬂ,:'_sition ;s forﬁai‘ging purposes only. In the

TEST sltioﬁ of the BATTERY CHARGE ‘selector a test of the battery voltage
:_is obtain NOTE See charging instruction on page 16.

J7H0pe rate swifch “A"

The push buttcm “A" PRESS OP ERATE, is the actuating switch for the tests. .
No test voltage to any element of the transistor under test is applied until the

push button "A" is depressed All settings preparing the instrumeant for a test
‘can be made without” auy ﬂauﬁ 5 Of ""’?ma' iv
i'seeidmtal missetting '

g the transistor to be tested by any

| Push button switch "B"

Push ‘button "B" actuates a dfwdmg nerwork which increases the sensitivn'y of

‘the indlcating network and thus changes the ranges of the meter The changes
| performed by the Ptlshbutm itch "B" are:

BETA | m 6?100

'CBO o 0-10MA 0 IMA

N.TE. Utﬂ:ess Otherwise nOt éﬁ contrsls discussed below permm r.o hm:h the

' AC and DC. FUNCTION Selectors

The AC or DC FUNCTION selector gwes choice of the S test positions, IcRO»

VcEs Ic, BETA CAL and AC or DC BETA. The limits of the respectwe ranges

are marked in each position of the FUNCTION selector.

A Dj esmrsl

q control varies the current in the base circuit snd thus cmr.rols the

;4-."
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current ﬂowing in the collector circuxt The current c1rculated in the collector
“circuit is indicated by the meter and is read on the I dials., The Ic ADJ. con-
trois shall be operated only when the FUN -;,_-_;flON selector is in the ic position,

i; AC-DC BETA CAL control

‘This’ control is to be operated only when the respective function selector is ser
‘to the CAL position. The AC BETA CAL control calibrates the AC test signal
necessary for the ACBETA test. The DC BETA CAL control sets the meter-
ing circuit to the proper sensitivity The calibration point for both the AC and
the, iC BETA CAL is a set line located at 207, of full deﬂection of the meter.

6. Recegtacles

For the purpose of clear separation of the AC and the DC BETA section, two sets
- of receptacles bave been provided. Each side has a socket for most common small
- transistors and a set of colored and marked terminals identified by E for Emitter,
- B for Base and C for Collector. The three alligator clips enable the user to quicidy
- connect any type of transistor. . - -

Y

7 | TEST c1rcuits

NOTE. ‘To show the princxple of operation. the test. cxrcuit diagrams are greatly
simplified T

__-'-f'_""a',_'1'...?_’.-!c90 Test Circu'i .

~ Im the ICBO test, a reverse voltage is applied between the collector and the base
of the transiStor under test The ernitter is open c1rcuited

A meter is connected in senes vn.th the. collector to indioate an ICBO current

- range.of 0-100 pa, Inthe IcgO ranges of 0-1 MA and 0-10 MA the meter is con-
necteti m paraliel to a meteriug resistor. ;R.i See Figure 1 |

TEST CIRCUIT FIG. |
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C.

b. V __Test Circu__it

For the VCE test the indicator is converted to a voltmeter to monitor the volt-

age between the collector and the emitter, The collector voltage is continu-

ously variable by the Vg control, the range of which is 0-5 V., See Figure 2.

Vee
TEST CIRCUIT FIG. 2

1~ Test

To monitor the collector current Ic, a resistor, R, is switched into the collec-

tor circuit.’ The voltage drop across R is measured and indicated by the meter.
Since the voltage drop across R is directly proportional to the current flowing
through it, the dial is marked as a function of the current to permit a direct
reading of the collector current I~. See Figure 3.

TEST CIRCUIT FIG.3

-6 -
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AC BETA Cal.

To obtain an accurate reading in the AC BETA test, the input test signal must
be carefully adjusted to the calibration point. This is achieved by adjusting the
AC BETA calibration control. At thecalibration set line, the output of the audio
oscillator is set t0 1V peak to peak. In the AC.BETA test the 1V, 1000 cps sig-
nal will produce a 5 pa AC current flow in the base of the transistor under test.

See Figure 4.

CATHODE

1000 CPS DE |
—|FOLLOWER [

OSCILLATOR [T~ V)

_[AcBRiDGE }—

CAL. CONTROL

AC TEST
- SIGNAL

AC BETA CAL. CIRCUIT FIG. 4

AC BETA Test

The calibrated 5 pya of test current circulated in the base will cause a current
flow of Ig x BETA in the collector. To meter this IC current a resistance R is
connected in series with the collector. The AC signal developed across this
resistor is amplified by the AC Bridge amplifier, rectified and then fed to the
metering circuit. The meter dial is marked as a function of beta to permit a

-

direct reading of the AC BETA. See Figure 5.

N CATHODE
FOLLOWER

1000 CPS 1
OSCILLATOR |

AC
BRIDGE
AMPLIFIER

RECTIFIER

AC BETA TEST CIRCUIT FIG. 5

-7 -
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f.

DC CAL and DC BETA

To illustrate the operation of the. DC CAL and the DC BETA test circuit more
clearly, the same are discussed together and will be shown in one diagram.
Since the DC BETA is defined as the ratio of the collector current to the base

current, the beta may be determined by comparing the collector current to the
lector, the values of which are fixed in & known ratio. The voltages developed
across theseresistors are proportional to the current flowing through the same.
The higher the DC BETA, the larger is the voltage developed across the collec-

tor resistance. _ _

The meter dial is marked as a function of the DC BETA to permit a direct read-
ing of BETA. '

DC BETA CALIBRATION

As shown in the diagréfa'rﬁ in figure 6, Rl is used to mﬂmtorthe base current of ';
the transistor under test. By adjusting the potentiometer, R3, the calibration

point is found by varying the sensitivity of the metering network.

To monitor the DC BETA, the metering circuit, the sensitivity of which has
been set in the DC BETA CAL, is connected across the collector resistance,
R2. Since the value of R2 is chosen in a known ratio to the value of R1, the
meter reading obtained is the DC current ratio or the DC BETA of the transistor
under test. See Figure 6. -

-
pc BETACAL. <K
B R3

Ri

'DCBETA & DC BETA CAL.
TEST CIRCUIT ~ FIG.6
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IV, OPERATION

To prepare the instrument for operation, follow the chargmg instruction on page 16 of the
instruction booklet. - -

For operation, connect the instrument linecord to a 105-125V, 60 cps AC source.

Set the power swnch to the QN position aud allow sufficient time for warm up of the in-
st_rq_rn_ent (Apprommately 15 minutes).  This will assure stable operation.

NOTE: Before attempting any specific test, the Vc g coutrol, as well as the Ic Adj. con-

trols, must be set to the 0 or minimum position to prevent any possible damage to the
transistor to be tested,

For the purpose of quick reference, the bottom view of the most common types of tran-
SlStOI'S are shown in Figure 7.

\smef.o \-SHIELD
(TRANSISTOR

o LD 2 | o HOUSING)

1. THE ROLLCHART

To provide for a quick and reliable i'eferencie; a rollchart has been installed in the Model
870. All the essential test information is grouped and listed in logical sequeunce from
left to right. The rollchart column heading is divided into 4 groups of i formation:
1. General Information
a. Transistor
b. Type
c. Test
2. lcpo test data

a. Maximum ICBRO
b. VCB test voltage

The maximum IcgQo is the highest permissible collector leakage current specified by
the rransistor manufacturer. Any traunsistor with less than the maximum ICcgp may be
considered good in this respect.

3. Beta test data

...9_
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VcE Test voltage

Ic collector test current
Minimum ) _
c. Typical ) BETA
Maximum )

i

The BETAof a traneister may deviate considerahly from its typical value. For that rea-
‘son some transistor manufacturers will give minimum or maximum limits in addition to
the typical value of BETA. Others will list the minimum or typical .BETA only. If the
minimum BETA 13 nOt gwen, it ~may. be approximated to be about 30%, of its typical beta

value. _

4. NOTES

To test some transistors with unusual characteristics a special
setup becomesnecessary. The essential information for the set-
up will be given in the notes. The notes are designated by num-
bers or symbols in the note column, the meaning of which may
be found at the top. of the rolichart or in-this instruction book.

NOTE#1 Set the "Calibration” to 40. 'Divide obtained "Beta” by 2.
NOT.E #2 Ma'ke"lcgo" test in i:he "AC Beta" section.

NOTE #3 ‘Set the :’__‘_'calib:jét_ion" to 10, Double obtained "Beta" reading.
NOTE #4 compleﬁemary "‘pair o -

PNP - identified by red
NPN - 1dentif1ed by black dot

NOTE #5 ~ Connect Bl and B2 o the base terminal and test as triode

NOTE #6 Perform "IcgR" test. Reverse the emitter and base leads.
Connect a 200 ohm resistor between the emitter and base
terminals.

NOTE #7 Perform "ICER test. Reverse the emitter and base leads.
Connect a 30 ohm resistor between the emitter and base
- terminals. | |

NOTE #8 o ~ Perform "1c ER" test. Reverse the emitter and base leads.
| ' Connect a 10K ohm reelstor between the emitter and base
terminals. I

. The Principle tests performed by the Model 870 are:

1. The ICBO

2. The AC BETA test

3. The DC BETA test

NOTE: In the followmg operating mstrucuon, reference will be made to the rollchart install-

ed in the instrument. However, any transistor manual may be used as test information. To
operate the Model 870 with any other reference than the rolichart, refer to Page 13 in this book-

let.

-1{}-
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To make any test, perform the following preliminary steps.

A.
B.
C.
D.

Find the TRANSISTOR number by dialing the rollchart.
Set the TYPE selector to the position indicated, either PNP or NPN.
Set the TEST SELECTOR to position 1, 2 or 3, as indicated in the rollchart,

Connect the trausistor to the proper terminals; use left side terminals for test #1, right
side terminals for tests 2 and 3. Choose between socket, terminals or test leads, de-

pending on the physical nature of the transistor to be tested.

1. The IcpQ test

By definition, the IcBO (sometimes referred to as Ico) is the collector leakage current
with a given reverse voltage applied to the collector and the emitter open circuited.
To perform an Iopo test, proceed as follows: -~ -

a. Setthe Function Selector of the side on which the testis performed tothe Icgo  position.
b. Set the VCB selector to the voltage listed under the Vcp symbol of the rollchart. .
c. Press the A button to operate and read on the Icgp scale of the meter. - o

The ranges of IcgO current are:

ACBETA  0-100 pA
- DC BETA 0~10 MA
Press Buttou B for 0-1 MA

2. AC or DC BETA test

~a. Setthe FUNCTION s_elector '(fof '-thé sectit)n at which the test is to be pérfbi'med) to the

'VcE position. | - L
b. Press button A to.operateand adjust the VCE control to the voltage shown in the roll-
" chart. | - WIS VOE R Adh

Set the FUNCTION selector to the Ic ‘position.

" push butfon A and adjust the I- control for the Ic test current given in the rolichart.

P 0

The 1~ ranges are:
ACBETA TEST#1  0-5MA
- (left side) .
~ DCBETA TEST#2. 0-200MA
(right side)

TEST #3 0-2 A

NOTE: W hen testin_g power transistors, Step b and d may havetob e repeat ed unt11

no change as a result of a made adjustment is noticed.

Set the FUNCTION selector to the BETA CAL. position.

" Press button A and adjust the BETA CAL. control to the calibration set line located

at 209, of full deflection of the METER dial. = o - S
g. Set the FUNCTION selector to the AC or DC BETA position, depending on which test

is performed. _ |

h. Pressbutton”A" to operate and read the BETA directly on the BETA scale of the meter

gl L

NOTE: If the BETA is less than 100 and better readability is desired, press button B
and read on the BETA range of 0-100.

Caution: Return the I ADJ. control to the minimum position after the test has been
compieted.
- 11 -
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ADDITIONAL TESTS

The Model 870 is primarily designed to'p"""erforrn'the'; basic tests, ICBO: AC BETA and DC
BETA which determine the quality of a transistor, However a number of other tests Wthh are
not conventional may be performed by usmg the Model 870.. These addmonal tests are:

L Iggp
2. IGer.
3. ICES

4. _______AC 1nput 1mpedance |

' 5.EVCE;(Sat) (Collector saturatlon voltage

2,

By defm1t1on ICEO is the collector Ieakage current Wlth the collector reverse biased and the
base open-circuited.

In general, the Icgpo leakage current is conmderably larger than the ICBO To perform an
IlcEO, proceed as follows: o

a, Set the FUNCTION selector to the IcgQ position. ,;
'b.  Reverse the emitter and base leads when connecting the transistor to the receptacle.
¢. If no handbook for reference is available, set the VB selector to approximately 759
of the voltage indicated under the Vg symbol on the rollchart.
d. Press button "A' to operate and read the Ic go directly on the Icgo chal of the meter.

. NOTE If at any time the Icgp of a transmtor tested in position 1 of the TEST SE-
" LECTOR (AC BETA) exceeds 100 pA, remove the trausistor and test it on the DC
BETA side of the instrument panel the ICBOranges of Wthh are 0- 1 M O 10 MA.

3. IC*E‘R TEST

By definition, Ic R is the collector leakage curreunt measured with the collector reverse
biasedand a resistor of generally 10K connected between the base and the ermtter of the

transistor under test., To perform an I ER test, connect a 10K ohm resistor between the -
‘base and the emitter terminals which are used for the test and proceed as if performmg an

IC FO test.
4, IQES TEST

By defmmon, Icgs is the collector leakage current Wlth the colleCtor reverse b1ased and
the base shorted to the emitter, |

To perform an I¢c gg test, connect a short Jurnper between the emu:ter and the base termi-
nal and proceed as if performing an Iggo teSt

2. AC INPUT IM_-P_E_DAN CE TEST

NOTE: The input 1mpedance is a function of the operating condition and will vary con51der-
ably with changes of base and collector currents.

To check the AC input impedance'of-r»fa' | trane“i“Stor:

a. Prepare a network con51st1ng of a 100 uf capacuor and a 101( ohm porentlometer in
" series. - - . o . .

- 12 -
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b. Perform an AC BETA test as described in section V, 2 a-f and leave the test setup
unchanged after cornpletmg the test.

_c,___ Connect the network prepared in step a between the emitter and the hase termmal
--CAUTION Observe the polaruy of the capac:1tor _When tesungaPNP trans:tstor, connect
the network with the negative pole of the capacitor. towards the base terminal, If a NkN
transistor is to be tested, connect ‘the positive pole to ‘the base terminal.

d. Push button "A' to operate and adjust the 101( ohm potentiometer until the prev1ously
obtained beta reading is redur~d to one half,

e. Remove the network from the terminals andmeasurethe resistance of the potentio-

‘meter with an chmmeter. The obtained reading is the AC input 1rnpedance of the tran-
Sistor under test.

6. VCE(s&t) COLLECTOR SATURATION VOLTAGE

By defmtt:ton, the V¢ E(sat) is a.collector voltage point. for a given base current at which
the collector current will not increase conetderably when the collector voltage is increa sed.

NOTE In testing swnchmg type transistors it may be desirable to determme the VC E(sat)-
To perform a Vo test proceed as ;_fol'lowszs- .
~a. Perform a Beta test as described in section V, 2 'a-f_.

b. While pressing down pushhutton‘!'A" turn the Vo g control in counterclockwise direc-
tion until the beta reading drops off sharply.

c. Locate this drop- off point (knee) as accurately as possible by adjusting the VCE con-
trol slightly. .

d. Set the FUNCTION selector to the VCE position,

e. Press down pushbutton "A" and read the voltage on the VCE d1a1 The obtalned read-
ing is the collector saturation voltage VO E (sat) at a gwen bige current.

OPERATING THE MODEL 870 USING TEST INFORMATION OTHER TI—IAN THE ROLLCHART-

In the precedlng descrtptlon of operatton the rollchart mstalled in the instrument has been used
as reference. It is understood, however, that it is impossible to include all transistors in
the rollchart. To account for this fact, the Model 870 has been designed to permit any test
setup by reference to test mformanon gwen in handbooks manuals or apecuﬁcatton sheets.

When using a reference other than the rollchart su'nply follow the outline given by the rolichart
heading using the test data fromi the reference book.

OPERATING HINTS

In general, the ranges of the Model 870 will suffice for the testing of transistors with normal
characteristics, howevér; transistors with abnormal characteristics may dewate consaderably
from their normal values of beta, input impedance, collector and base current, etc. As a di-

rect effect of one of thoseabnormal conditions, the mStrument ranges may not be wuie enough -
to permit a direct test. -

To perform a test where these conditions exist, 'ébs‘ewe the---follow'ing hints:

_13-
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 be multiplied by 2 for a cali

| Condition 1

”The calibration voint cannot be reached by adjusting the CAL control

" If the CAL SET point at 20 caunnot be reached by adjusting the BE’I‘A CAL control set the CAL
control to either 10 or 40 depending on which point may be reached. The Beta reading must

bration settingof 10 (3 of originﬂl CAL setting). If the calibration

" has been set to 40 (thce t’he original setting) the obtamed hetﬁ reading must be div1ded by 2
te determine the true beta.

- For Example:
a. The calibration has been set to 2 x the indicated value:

Cal. Set line X Multiplier =  New Set Point

nd to be 100.

The BETA reading obtained with the caiihration setting of 40 is fou
To determine the f:corr_eetf'_B ETA , 100 is dividedby 2.

'BETA Reading —+ Divider = True Bew

'b. The calibration is set to 1 / 2 of its original--setting at 20.. The set poiut is 10.

Cal Set lme . . Divider = New Set Line

The BETA reading with the calibration set to 10 is found o be 30,
‘The true B ETA is given-;by.:_-<tlle relationship

30 2 60
BETA reading X Multipher TrueBETA

[ e L

As is easily seen from the examples above, the true beta varies. nversely propor-
nonal to the cha,nge of the calibration from its original setting.

Cond ition 2

The BETA of a transiotor is h her than 300 and therefore causes the rneter to deﬂect hig her |
an *Tl sca e

If at any time a transistor mdicates a beta of more than 300,
'a'”. ‘Set the FUNCTION Selector to the BETA CAI.. position

~b. By adjusting the BETA CAL control, set the calibrauon to fof its CAL SET point at
20, or to 10 div.

" c. Set the FUNCTION selector to the BETA position.

d. Press button "A" 'anﬂ determme the true BETA by rnultiplymg the BETA reachng ob-z--_;_-
- tained by 2.

Condition 3
The I¢ test current cannOt be reached by ad usrm the 1 control
- 14 -
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If an AC BETA test is performed (position 1 of the TEST SELLECTOR, 0-5 MA) and the given
IC current cannot be reached by adjusting the IC ADJ. control, test the transistor at the high-
est Ic current that may be reached. If the specified IC current is larger than 5 MA:

a. Remove the trausistor from the AC BETA section and connect it tothe DC BETA sec-
' tion. - -

b. Set the TEST selector to position #2, 0- 200 MA, and perform a DC BETA test using
the data given for the AC BETA test, '

C ondition 4

If a DC BETA test is performed in position #2, 0-200, of the TEST SEL ECTOR, and it is noted
that the IC test current cannot be reached by adjusting the I coatrol;

a. Set the test selector to position #3, 0-2 A.
b. Perform the DC BETA as suggested.

Condition S

If a DC BETA test is made in position #3, ;_-0'-;-2A_; of the TEST SELECTOR and the I testcurrent
cannot be reached by adjusting the Ic ADJ., test the transistor at the highest possible IC.

In general, if conditions 3, 4 or 5 exist, it may be assumed that the BETA of the transistor
under test is very low. To explain this interrelation more clearly, it should be understood
that the I¢ (collector current) is a function of the base current multiplied by the BETA of the
trausistor under test.

Since the base current is variable over a given range, the collector current will be confined
to a range given by the following relationship.

Min I~ = Min Ig x BETA Max Ic = jg X BETA

The ranges of base current variatioun by adjusting the Ic coutrol are:
Min Max

Pos. 1 of the TEST SEL ECTOR 1.7 pa 60 pa

(AC BETA section)

Pos. 2 of the TEST SELECTOR 120 pa 1.6 MA
- (DC BETA section)

Pos. 3 of the TEST SELECTOR 1.02 MA 40 MA

(DC BETA section)

NOTE: These given limits may vary slightly because they are affected by the input impedance
of the transistor under test.

7. AC BETA test signal

The AC BETA test signal used in the Model 870 is 5 pa in the Calibration setting. However,
if so desired, the AC test signal may be changed to either 2.5 A or 10 pA by either reducing
the calibrationto ; or increasing it to 2 times its usual setting. Since the BETA reading changes
proportionally to the change of the testcurrent circulated in the base, the true BETA is deter-
mined in the following way:

_15_
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~..a. If the calibrationis setto ene half of its normal settmg (2 S uA), multtply BETA read-
o 1ng by 2t0 Obtain true beta - :

b. If the cal1brat1on has been set to 2 X the normal settmg (10 pA), divide obtained BETA
~ reading by 2. - o

8. Detecting Shorted Transistors
The following inter-element shorts may develop in a transistor:
1. EMITTER to base short.
2. BASE to collector short.
3.  EMITTER to collector short.
The shorts listed above maj'r' bemdeteCted by the following reactions of the tester:
1. EMITTER to base short. |
L.ow or no IC reading with the I control set to the maximum position. Adjustment

of the Ic ADJ has lirtle or no effect on the I current.

2. BASE to COLL ECTOR short.
Meter will deﬂect fuld scale 1f an ICB. test 1s performed

3. EMITTER to COLLECTOR Short * o I

a. f*"’”'When attemptmg to set the VCE voltage a low or no readmg is obtamed wn;h the
- VCE set to the max1mum pos:ltwn e |

b. When setting the Ic testcurrent, a hlgh readlng 1s obtamed wh1ch cannot be de-
. Creased by the IC AdJUSt R ;

9. Relationship Between ALPHA and BETA
By definition:

BETA is the forward current transfer ratm of a tranmstor in the common ermtter con-
figuration. - -

ALPHA is the forward current transfer ratio of a transistor in the common base conﬁgura-
tion. |

A definite relationship between ALPHA and'BETA is established in the followmg formula

Alpha
BETA = _ lpha
' Beta
ALPHA = 1 + Beta

By applying one of the given formulae above, the value of one paramctel (BETA or ALPHA) may .
be calculated if the value of the 0ther 1s kuown | | S

10. Cha.rgmg Instructlons -

To insure propef 'function of the lvledel 850, the rechargeable batteries used as the collectOr
and the base voltage sources must be kept in a fully charged state.

- 16 -
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‘To charge batteries from fully discharged state:

a. Set the BATTERY CHARGE selector to the HIGH RATE position.
b,  Connect the instrument line cord to a 105-125V AC line source,
c. Allow at least 20 hours of continuous charging time to fully charge the batter

NOTE: The power ON-OFF switch does not activate the char 'éin network and t.-h%‘f

not be set to the ON position to charge batteries.

d. After the batteries have been sufficiently charged, set the BATTERY CHARG]
the TRICKL E position. This moderate charge will keep the batteries in a f
state. | ' -

NOTE: To assure 10ng life of the batteries, it is favorable to keep them (once ¢
charged state.

“"The TRICKL E charge may be left on indefinitely. The HIGH RATE charge is fo.
- purposes only and should not be left on in excess of 60 days. Permanent damage to
may result from counstant overcharging. If the instrument has been inoperative fo
longer than 1 month, ‘recharge batteries before performing any tests.

e. To test the ‘condition of the batteries, set the BATTERY CHARGE SEL I
TEST position. The voltage indication should never be less than 6. 15V
battery ch%’éc.k line on the lowest arc of the meter dial. .

If the voltage is low, set the BATTERY CHARGE selector to the HIGH R
and allow appropriate time for recharging. After the batteries have bee
ly charged, return the BATTERY CHARGE selector to the TRICKLE cha

V. MAINTENANCE

V9. In general, the Model 870, DYNAMIC BETA TRANSISTOR TESTER will givel
rupted service. The Model 870 is a complex and specialized instrument. N
yond tube replacement should be attempted. If an instrument cannot be repair
replacement, it is recommended that the instrument be returned to the fa

authorized Hickok service station. '

1. Fuse Replacement

In the event of fuse failure, the instrument should be checkéd for shorts befor

1s 1nstalled. For fuse replacement, use.SA SLOW BLOW value only.

Figure #8 is inéluded to aid in locatihg tubes for replacemént.
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PARTS LIST

Reference designations are assigned to 1dent1fy a,ll pa.rts of the Model 870 Dynamic Beta Transistor Tester
These designations are used in the parts list and schematic wiring diagram, The letter prefix of a reference
demgn&tmn indicates the kind of part -- resistor, capacitor, electron tube, transistor, etc.

Table 1. Parts List

Ref. . Hickok Price
1 Desig. Notes |- - Name and Description . | - | - Part No. Each |

Al " INDEX ROLLER ASSEMBLY: B | 9600-33 4. 80
BT1 | BATTERY: nom. voltage 6 Volt, 800 MA.H. | 2210-21 48. 00
BT2 ' BATTERY: nom. voltage 6 Volt, 80 MA. H. 1 2210-28 20. 30
C1 | CAPACITOR, FIXED, CERAMIC 005 uf, -0 +10b%,' 1 3110-7 . 20
disc type | -' |
C2 - Same as C1
C3 | CAPACITOR, FIXED, MICA: 470 upf, 10%, 500 Volts | 3095-8 .20
- C4 . - Same as C3 _ S | '— |
C5 - | Same as C3 | - | - |
C6 n Same as C3 - , ] |
c? 1 Same as C1 |
C8 - Same as C1 | .
C9 | CAPACITOR, FIXED, ELECTROLYTIC: 25 uf, 25 Volts i 13085-110 | .60
C10 Same as C9 '
C11 Same as C9 I _
C12 | CAPACITOR, FIXED, CERAMIC: .1 uf, disc type, 75 | 3110-115 20
| Volts
C13 | CAPACITOR, FIXED, ELECTROLYTIC: 20-20-20 uf 3085-56 2.15
- | | 450 Volts lug termmals | -
Cl4 | Same as C13
. C15 -~ Same as C13 |
C16 ~ CAPACITOR, FIXED, ELECTROLYTIC: 20-20 uf, | 3085-7 | 1.55
-~ 450 Volts lug termmals |
C17 | Same as C16 | - a
C18 ' CAPACITOR, FIXED, PLASTIC: .1 uf, 200 Volts | 3105-210 | .20
C19 | capacrToR, FIXED, PLASTIC: .5 uf, 200 Volts 3105-206 | .35
C20 . ' Same as C1 '
CR1 - . " CRYSTAL: IN34AS ' ' | 3870-78 ; .35
CR2 | Same as CR1 ' ' |
CR3 | sameasCr1

19
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Bl

| Ret. '
Desig. | Notes

Cre | | CRYSTAL: 1N1695

| CRs
CR6

| DSt

| EI
| E2
| E3
E4
E5

E6

|1 F

i M1

- MP1
MP2
MP3
| Mp4
| mps
MP6

MPT

' ‘;"_Mpa
MP9
MP10
1 MPpi1
_ .MPIZ
| MP13
P1
P2
P3
P4
| @&
R1

Name and Description

CRYSTAL: type SD91

~ Same as CR5

LAMP: #47G.E., 6-8 volt, . 15 Amp, miniature

~ bayonet base

~ BINDING POST: screw type, blue

Same as El

~ BINDING POST: screw type, green

Same as E3 _

BINDING POST: screw type, yéllaw
Same as ES

FUSE: 1/2 Amp, SLO-BLO, no pigtails
METER: 100 pza, 1000 ohms, 100 MV
BUTTON: push, black .

BUTTON: push, red

KNOB ASSEMBLY: with pointer, bar type
Same as MP3

Same as MP3

Same as MP3

Same as MP3

Same as MP3

Same as MP3

KNOB: phenolic black, pelican

Same as MP10

KNOB: black phenolic, 1/4" molded hole

Same as MP12

CORD: AC line
PLUG: banar:a, blue
PLUG: banana, yellow
PL.UG: banana, green

TRANSISTOR: 2N456

el T il - ee—————

Part_ No.

© 3870-49

3870-41

| 12270-12

2360-88

2360-89

- 2360-90

1 6900-15

RESISTOR, FIXED, COMPOSITION: 47K ohms, 5%, 1/2W

20

660-145

2920-17

- 2920-8

11500-11

11505-55
11505-72
3675-1

16525-177

16525-179

16525-178

20861-3

18413-471

- | Hickok l Price |

Fach

1

16.

00

. 60

10

. 45

. 45

. 45

. 20
20
. 10

.10 '

. 45

.15
. 15

.85

. 39

.39

. 39

3. 50

. 25
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RS

R6

RT

RS

R9

R10

R11

R12

R13

R14

R15
R16
R17

R18

R19

R20

R21

R22

R23

R24

R25

R26

R27

" RESISTOR FIXED COMSITION 100K Ohms 5%,
. Same as R2

RESISTOR, FIXED, COMPOSITION: 330K ohms, 10%,

'Sarn_.e as R14

| ""RESISTOR VARIABLE: 250 Ohms 10% 1/2 Watt

_ﬁ RESI_STOR, FIXED.,— FILM: 49K ohms, 1%, 1/2 Watt

RESISTOR, FIXED, COMPOSITION: 22K ohms, 10%.

Name and Descrlptlon

P ——— b — = un e —————T— T L R ot U— LA . . e T LA T e —— —-——"-q-——ﬂ—-—h-—-.-p-._——_.ﬂ_q.-..__—.._‘-j-_.-_.“._—.-_n

1/2w

'\....I -r'.

| 18414-101

-~ RESISTOR, FIXED, COMPOSITION: 270K ohms, 5%, ' ‘

1/2 W
Same as R14 ]
Same as R14 R L R | ’

| RESISTOR, FIXED, COMPOSITION: 1500 ohms, 5%, |

_1/2 W (CAL.)

RESISTOR, FIXED, COMPOSITION: 1800 ohms, 10%
1/2 W -

, .

RESISTOR, .:FIXED; FILM: '99K'ohms 1%, 1/2 Watt

screwdrlver slot (INT. CAL, ADJ. )

RESISTOR, FIXED, COMPOSITION: 1500 .:ohmr:-s, 5%,

1/2 W (CAL)

RESISTOR, FIXED, FILM: 1000 ohms, 1%, 1/2 Watt

1/2 W

RESISTOR, FIXED, FILM: 20 ohms, 1%, 1/2 Watt

RESISTOR, FIXED, COMPOSITION 220 ohms, 10%,
1/2 W

_w

21

Hickok

Part NO

18414-332

18415-102

40300-253

. 18411-471

18411-472

18412-102

1/2 W (CAL)
RESISTOR, FIXED, COMPOSFTION: 1 megOhms 10%,
1/2 W .
RESISTOR, VARIABLE: 25K Ohms 10% 1/2 Watt |
| | Screwdrlver slot (A.C. BETA CAL) . AR B
Same as R4 ' - B
~ RESISTOR, FIXED, COMPOSITION: 470 ohms, 5%,
12w - - o
Same as R9
~RESISTOR, FIXED, COMPOSITION: 470 ohms, 10%,
 RESISTOR, FIXED, COMPOSITION: 1000 ohms, 10%,
1 /2 W
Same as R1'2 o S

18414-271

' 18412-151

- 18412-182

18537-171

 40300-251

18412-151

18537-77

18537-170

18413-222

18537-168

18411-222

[ ———

. 10

1. 00

.25

.10

10

.29

95

.10

.99

.25

. 90
. DO

10

. 65

. 10
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| Rms1
'R32

R33

| R34

R35

| r37
" R40

| Ra2

| ras

::7]R44ih

| Rras

'R46

R4T
"R49

| R50

R51

| RS2

R53

- RESISTOR, FIXED, FILM: 195K chms, 1%, 1/2 Watt

Name and Dest:ription

___m-_.,_____._._..._.._...._..__..._.-——_h ————————— e o U ey e - -

' RESISTOR, FIXED FILM 111 ahms 1%, 1/2 Watt
RESISTOR, FIXED, FILM: 11. 1 ohms, 1%, 1/2 Watt

 RESISTOR, FIXED, COMPOSITION: 51 ohms, 5%, 1/2

Watt

'RESISTOR, SPOOL, CERAMIC: 1 ohm

RESISTOR, SPOOL, CERAMIC: 10 ohms

RESISTOR, VARIABLE: 1250 ohms, _ .
PART OF R43, DUAL RESISTOR, VARIABLE

Sa.me as R24

RESISTOR, FIXED FILM: 666 omns 1% 1/2 Watt -
Same as R2

RESISTOR FIXED, COMPOSITION: 120K ohms, 10%,

1/2 Watt

 RESISTOR, FIXED, FILM: 19K ohms, 1%, 1/2 Watt

RESISTOR VAR.IABLE 2 megohms, 20%, 1/2 Wa:tt
screwdrwer slot (Ic ADJ. A C.) |

_ RESISTOR, FIXED, COMPOSITION: 2700 ohms, 10%

2 Watt
Same as R19

RESISTOR, VARIABLE: 25K ohms
PART OF R34, DUAL RESISTOR, VARIABLE (D c
BETA CAL)

RESISTOR, FIXED, COMPOSITION: 2200 ohms, 10%,

2 Watt

. Same as R26
' RESISTOR, FIXED, FILM: 200 ohms 1% 1/2 Watt

RESISTOR, FIXED, FILM: 100 ohms 1%, 1/2 Watt

RESISTOR, FIXED, FILM: 50 ohms, 1%, 1/2 Watt

~ RESISTOR, FIXED, FILM: 500 ohms, 1%, 1/2 Watt

RESISTOR, FIXED COMPOSITION: 560 ohms, 10%,

2 Watt
RESISTOR, FIXED, COMPOSITION: 100 ohms, 10%, |
1/2 Watt | -

RESISTOR, FIXED, COMPOSITION: 1500 ohms, 10%,
1/2 Watt -

RESISTOR, FIXED, COMPOSITION: 1 100 ohms 5%, 1/2
Watt (20 res1stors wired in series) -

22

. el L PRI Py
—— T T - e m——a i b e ¢ . rre——_— ——— i rrosll el * by e A e S —" — ————— 1 sk s e el Lk b 2 el

18537-172

4. 18337-16T7

~18410-511

1 18537-104
18685-201(1)
18685-205(10) |

| 16925-364

18537-169

-'18414-122

18537-6
40300-205

18432-272

18432-222

18537-76

18537-96
18537-65
18537-58

18431-—562

18411-102

18412-152

18411-101

. 93

2,60

3. 00

. 65

. 10

. 99

. 29

.25

.90

. 60

. 65

55

. 29

10

. 10

.23
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R56

_—

‘R58

R59

R60

R61

R62
R63
S1

S2

S3

| S4

S5

S6

S'7

S8

S9
T1
T2

W1

W2

w3

XDS1

| RESISTOR. VARIABLE: 250 ohms, 10%, 2 Watt,

- P —— L— Nl

 RESISTOR, FIXED, COMPO SITION* 47 cahms 1n%
'RESISTOR, FIXED, WIRE WOUND: 33 ohms, 10%,
RESISTOR, FIXED, COMPOSITION: 820 ohms, 10%,

i’{ESiSTOR, VARIABLE: 100 ohms, 10%, 2 Watt,
" RESISTOR, FIXED, WIRE WOUND: 47 ohms, 10%,

" Same as R9

RESISTOR, FIXED COMPOSITION 150 ohms, 5%,

' TRANSFORMER: Battery Charge

Name and Descnptlon

| s e i e e e —— el b = —uld e

2 Watt

5 Watt

.1 Watt

screwdriver slot (VCE ADJ. )

screwdriver slot (1C ADJ, D. C )

Same as R20

5 Wa.tt

RESISTOR, FIXED, COMPOSITION 2200 ohms, 10%, j
1/2 Watt _ |

- 1/2 Watt

SWITCH,ROTARY: 4 sectibn, "'3 ﬁééitidn' (TEST
selector) | |

SWITCH, ROTARY: 4 section, 5 position (AC FUNCTION
selector) . 1

— —

SWITCH, ROTARY: 4 section, 5 position (DC FUNCTION
selector)

SWITCH, ROTARY: 3 section, 2 position (TYPE
selector)

SWITCH, ROTARY: 3 section, 4 position (BATTERY
CHARGE selector)

SWITCH: 2 push button type (Operate)

S -

SWITCH., ROTARY: 1 section, 21 pos1t10n (COLLECTOR
VOLTAGE) |

SWITCH, TOGGLE: SPST, 3 Amp, 125 Volt (POWER,
- ON, OFF)

PART OF S6 (Multiplier)

TRANSFORMER: Power

LEAD ASSEMBLY: blue ,

LEAD ASSEMBLY: green

LEAD ASSEMBLY: yellow

SOCKET: PILOT light | |

R —

23

- Hickok

20

Part No.
18575-247 | .50
' 1
18421-822
|
| 40100-101 | 1.00
| 40100-251 | 1.00
18575-248 50
18412-222 .10
18411-151 .95
19912-416 | 6.95
l
19912-417 | 6.95
19912-418 6. 85
19912-415 4. 95
19912-413 | 5.95
19910-144 2. 175
19912-414 4. 65
19911-71 1. 25
20800-235 | 5.25
20800-236 3. 35
12450-341 1. 175
12450-342 1. 75
12450-343 1. 175
19350-133 |
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ANl LN S rprey——— —— e S T T TH
f o —— -

" HOLDER: fo f A typ '

- SOCKET: translstor

' . _SOCKET transistor, mica ﬁlled .

- Same as XQ2 o

- SOCKET: 7 pin miniature, bottom mtg
_ Sa.me as XV1 o
SOCKET 9 pin mimature bottom -:.mtg
Same as XV3

CHART: data roll

BOOKLET: Instructions

i ”8325 83

- 19350-369

19350-333

19350-155

19350-154

. 3200-79

24950-498

NOTE A minimum b111mg charge of $3 50 will be assessed for any parts order

~ Prices are subj ect to change w1thout notme

24
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o 5 .005MFD _ 130K
RII 470 ' |INT.
CAL.
R14 RiS RI6 = m{ _
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R27
<, 22¢(
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R37

R38
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2700
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I
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i
I
S8 |
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DRAWING NUMBER

E [902-342 W _|

< r3

100K ci $6 ~ @ 1AC FUNCTION
SMFD, .52

—rd V4 CRI CR2 c

T\ 7216awE IN34AS IN34AS | :

RS
I MEG
cIo
25MFD
RI2 1K CR3

IN34AS ]

&
. AS2A

&

.

NOTE:
. UNLESS OTHERWISE INDICATED,
RESISTANGES ARE IN OHMS (1),
S3D CAPACITANGES ARE IN MMF
o A % R53 1S COMPOSED OF 20 (100N}
A RESISTORS WIRED IN SERIES.
g | 2. —J EQUIPMENT PANEL MARKING.
il
| @ = SCREWDRIVER ADJUST.
.HSS 3. SWITCHES:
49K Si= TEST SELECTOR

S2 = AC. FUNCTION SELECTOR
S3:c D.C. FUNCTION SELECTOR
S4: TYPE SELECTOR

$5:= BATTERY CHARGE SELECTOR

|
I
l
| .
e
| 56 = OPERATE :
: DC FUNCT'ON S7+ COLLECTOR VOLTAGE
' 568 = POWER
| i .
| L |

$9 + MULTIPLIER

4. SWITCH DECKS ARE IDENTIFIED BY
LETTERS "A", "B,'C’, ETC.
(F) = FRONT CONTAGCTS.
(R} * REAR CONTACTS.

5. RX = APPROXIMATELY 150 /., 1/2W.

IDYNAMIC BETA TRANSISTOR TESTER

MODEL 870 - SCHEMATIC WIRING DIAGRAM
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