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Part No. 

TL-36P 

EP-12V 

AC-115 
AC-230 

RMS-2000 

NB- 1200 

NB-500 

ADDITIONAL ACCESSORIES FOR THE 
MODEL 2000 DIGITAL MULTIMETER 

Description 

36" Test Leads Kit. Includes high-quality red 
and black probes, banana plugs, and 6KV Belden 
test lead wire. 

External Power Kit. Includes Voltag regulator, 
Nicad battery charging circuit, and external 
power input jack that mounts to knock out holes 
in the •eter case. External power required is 
8.5 to lSVOC unregulated at 150 Ma. 

AC Power Adapter. Preassembled, plug-mounted 
calculator type power supply de l ivers 10 voe 
at 150 Ma. Available for 115 VAC SO to 60 Hz 
(AC-115), or 230 VAC SO to 60 llz (AC-230) power. 

True RMS Kit. Contains parts necessary to 
upgrade all AC functions from sine wave cali
brated average sensing to true RMS. Features 
a precalibrated laser-trim•ed, high-accuracy 
integrated circuit 0.5\ error up to 20 KHz, 
100 KHz bandwidth 1\ error , creast factor up 
to 7 1\ error, max. creast factor 10 -3\ of 
reading error. 

"Sub-C" Size Ni cad Battery Pack. Operates the 
meter for 10 hours. (External power kit and AC 
power adaptor required to recharge batteries.) 

"AA" Size Ni cad Battery Pack. Operates the 
meter for 4 hours. (External power kit and AC 
power adaptor required to recharge batteries.) 

Include check or money order for total non
warranty parts or accessories ordered. Add 10\ 
for postage and handling (minimum $.SO). Texas 
residents add S\ sales tax. Outside U.S.A. write 
for additiona l cost for transportation 

-2-

Price 

$3 . 50 

$3.95 

$6.95 

Available 
Late 1977 

$12.95 

$7.75 
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OPERATING INSTRUCTIONS 

1 . Introduction 

This section of the manual contains information regarding the 
correct operation of the Model 2000 DMM . It is recommended that the 
contents of the section be read and understood before attempting 
to operate the instrument . 

2 . Shipping Information 

The t~del 2000 was packed and shipped in a container especially 
designed to provide adequate protection. Upon receipt, inspect the 
instrument for possible shipping damage or missing parts . 

3. Input Power 

Operating power for the standard Model 2000 comes from four 
non-rechargeable, alkaline (heavy duty) "C" size batteries. This 
power source typically provides 25 hours of instrument operation . 
Optionally available power sources include rechargeable Ni Cad 
batteries and an AC Power Adapter. To use these power sources, the 
meter must be fitted with an external power kit . The instrunent 
equipped with rechargeable batteries (4 "C" cells) will typically 
operate for 15 hours; recharging , using the AC Power Adapter, takes 
approximately 16 hours . If the batteries measure below 4 . 4V under 
load, they need to be replaced or recharged. Don't leave low voltaoe 
batteries in the meter; acid corrosion ~ay result . The first in
dication of low batteries will be a dim display. 

4. ruse Replacement 

The Model 2000 is equipped with a current overload fuse to pro
tect the instrument circuitry from inadvertent applications of current 
in excess of 2 amps . This fuse is located in fuse clips on the main 
P . C. board. Replace with a 2 amp AGC or AGX fuse by removinq the 
four screws holding the case halves together and liftin9 off the ton 
case half . 

5. Overrange Indication 

When the full scale capability of the selected range for any 
function is exceeded , the display will be blank . The overranqe in
dication does not necessarily mean that the instrument is being 
exposed to a damaging input condition. The exact overload conditions 
for each range is contained in the specifications. 
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ITEM NAME 
NUHBER 

Display 

2 V 11 A 

3 Power Switch 

4 AC 

5 Voll 

6 Amp 

7 Ohm 

8 Rangel 

9 Range 2 

10 Range 3 

11 Xl0 

12 Common 
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DESCRIPTION 

A 3 1/2 digit display (1999 maximum) of 
the measured input, including decimal 
point and oolarity sign when appropiate. 

Jack for high (red) lead connection to 
Model 2000 for voltage , current, (AC or 
DC) and resistance measurements . 

Turns meter ON and OFF . AC adapter still 
charoes batteries while Power Switch is 
off . · 

This switch , when depressed in conjunction 
with item 5 or 6, selects AC voltage or 
alternatinq current measurement capability. 

Works in con junction with the AC and 
range switches to select voltage function 
(AC or DC) . 

Works in conjunction with the AC and 
range s witches to select current function 
(AC or DC) . 

Selects resistance measurement mode of 
operation . Common lead is oositive . 

Selects l00mv , lOua , or lMn full scale 
ranqes . Mav be used in coniunction with 
item 11 (Xl0) to select lV , l00ua, or 
l0Mn full scale ranges . 

Selects l0V, lma, or l0Kn full scale 
ranges. May be used in conJunction with 
item ll(Xl0) to select l 00V, l0ma , or 
l00Kn full scale ranges . 

Selects lKV , l00ma, or 10011 full scale 
ranges . May be used in conjunct ion with 
item 11 (Xl0) to select lA and 1Kl1 full 
scale ranges . 

Used in conjunction with items 8,9 , and 
10 to raise the full scale capability by 
a factor of 10 . 

Jack for low (black) lead connection to 
Model 2000 for all functions. 
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REFERF.NCE 
DESIGNA'l'OR 

Zl ,4 

Z2 , 3 

ZS 

Z6 

Z7 

VRl , 2 , 3 , 4 

CRl,2,3,4,5, 
6 , 7,8 

Ql 

02 

Q3 ,4 

TRCl, 2 

Rl4 

RS 

R57 

R30 

R48,49,50 , 51, 
-2,53,54,55 , 56 

:27 

R44 

R41 

R29 

Rl2 

R3 7 

R24 
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PJI.RTS LIST 

DESCRIPTION ()UAi1TITY 

IC , Voltage Reference , 20-2:(ADSB0 or MC1 403) 2 )(., 

IC, OP Amp, 20-41 (LF356N) 1-.. 2 l(. 

IC, Digit Driver (75492 or 492-5) l ~ 

IC , A/D Converter , 20-786 1 ,<. 

IC, Segment, Driver , 20-788 l 1'. 

Diode, Zener, 9. l V 4 I., 

Diode , Signal , 1N4148 8 i.._ 

Transistor , 2SC1849Q l o(_ 

Transistor, 2N440 3 1 ~ 

Transistor, 2N4400 2 ~ 

TRIAC T2500B (30- ~B) - (7-.. 
~ 

Resistor, Wirewound, l ohm , 1 % ,-5\'I l ~ 

Resistor , Carbon Film, 100 ohm,5%, 1/41-7 1 

Resistor, Metal Film , 105 ohm, 1%, 1/ 4"1 l 

Resistor , Metal Film , 121 ohm, 1%, l/4W 1 

Resistor , Carbon Film, 150 ohn , 5%,1/4!1 9 

Resistor, Metal Film , 536 ohm , 1% , 1 / 41-1 l 

Resistor , t\etal Film, 887 ohm , 1 % , l/4W 1 

Resistor, Metal Film, 976 ohm, 1%, l / 4W 1 

Resistor, Carbon Film, lK, 5 ~ I 1/ 41•/ 1 

Resistor, Carbon Filn , l.2K,5t , l / 4W 1 

Re sistor, 11etal Film, 1 . 21K, 1%, l / 4W l 

Re sistor , Carbo n Film , l. SK , 5%, 1/ 41-1 1 

•Resistor, Carbon Film, 1.BK, 5 %, l / 4N l 

Resisto r , Metal Film, 1.87K, 1 % , 1/ 4\v 1 
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PJ\RTS LIST 

REFERENCE DESCRIPTION ()U/\NTJTY 
DESIGNATOR 

Rl7 Resistor , Metal Film , 2K , 1 %, l/4W l 

R23 Resistor, Metal Film , 3 . 32K, l % , l / 4W 

RJJ Resistor, Metal Film , 4.64K, 1 %, 1/41•/ 1 

Rl9 Resistor, Metal Film , 5.23K, l t , 1/4~/ 1 

R35 *Resistor, Carbon Film, 7 . SK , 5% , l/4W l 

Rl8 Resistor , Metal Film , 8.06K, 1%, l/4W 1 

RIO Resistor , Metal Film , 9 . 76K, l % , l/4W 1 

R32 *Resistor , Metal Film, l0K, 1% , l/4W 1 

R7,20 ,40,45 Resistor, Carbon Film, l0K, 5% , l/4W 4 

R36 Resistor, Carbon Pilm, 16K, 5% , l/4W l 

R2 l Resistor, Carbon Film, 47K, 5% , l/2W 1 

R4 Resistor , Metal Film, 97 . 6K, 1%, l/4W 1 

R22,.>4,47 Resistor, Carbon Film , l00K, 5% , l/4W 3 

R4 3 Resistor , Carbon Film, 470K, 5% , l/4W 1 

RlS,39,46 Resistor, Carbon Film, lM, 5 %, l/4W 3 

R42 Resistor, Carbon Film, lM, 5% , l/2W 1 

R38 ~Resistor, Carbon Film, 1 . 8M, 5% , l / 4W 1 

R2 Resistor, Metal Film, 4.64M, 1 %, l/4W 1 

RI Resistor, Metal Film, 4.99M, 1 %, l/4W 1 

Resistor , Carbon Film, l0M , 5% , l/4W 

R9 Trimpot , 100 ohm l 

R25 Trimpot, 250 ohm 1 

Rll Trimpot , 500 ohm 

Rl3 Trimpot, lK l 

RS Trimpot , SK 1 

R31 Trimpot, l0K 1 
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REFERENCE 
DESIGNATOR 

IU6 , 28 

R3 

Cl 

C2 

Cl0 

C3 

CS , 6 , 12 , 13 , 19 

Cl8 

C20 

Cl4,17 

C7 

C4, S ,9 

ClS 

C16 

Cll 

PARTS LIST 

DESCRIPTION 

Trimpot, l00K 

Trimpot , SOOK 

Capacitor , Trimmer 6-35 pf 

Capacitor, Disc, 24 pf , soov 

Capacitor, Disc, 470 pf 

Capacitor, Mylar, . 00luf, 200V 

Capacitor, Disc, .0luf 

Capacitor, Disc, . luf 

Capacitor, Mylar, . 082uf, sov 

Capacitor, Mylar , .luf , sov 

Capacitor , Mylar, . 22uf, sov 

Capacitor, Elect . , l0uf , 16V, 

Capacitor, Elect ., l00uf, l0V 

Capacitor, Elect . , l00uf , 16V 

Capacitor, Elect., 220uf, 16V 

P . C. Board , Main 

P . C. Board , Display 

P.C . Board, Switch Assembly 

Switch Assembly 

Jack , Red 

Jack , Black 

Fuse, Clip 

Fuse, 2 amp , Type AGC 

Component Socket , 18 position 

IC Socket , 8 pin 

LED, Display. Corimo n Cathode 

Calihr:ttion P;irts <;ct 

Axial 

QUANTITY 

2 

1 

1 

1 

1 

1 

5 

1 

1 

2 

1 

3 

1 

1 

1 

1 

l 

1 

1 

l 

2 

1 

1 

l 

4 
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REFERENCE 
DESIGNATOR 

PARTS LIST 

DESCRIPTION 

Transformer , Cores 

Transformer , Bobbin 

Battery Holder 

Case , Half, Bottom 

Case , Half , Top 

Front Panel 

Standoff , Display 

Foot , Case 

Panel , Plastic , Rear 

Switch , Button , Red 

Switch , Button , Grey 

Switch , Button, Yellow 

Wire Stand , Case 

Cable , Ribbon , 15 conductor 

Magnet, Wire 

Buss Wire , i122 

Insulated Wi r e , White 

Insulated Wire, Black 

Tape, Black, 1/4'' !(iJe 

Screw , 4 x 40 x 1/4" Self Tappin9 

Screw , 6 x 32 x l 3/4" 

Spacer , Switch 

Assem1'ly 'lanual 

I 11 

Qll/\NTITY 

2 

l 

l 

2 

2 

2 

1 

4 

4 

4 in . 

11 ft . 

2 ft . 

2 ft. 

2 fr . 

I I 2 I t . 

6 

4 

2 

•These !>arts are supplied as a set with the ca I i1'1·.:ition nunll,er~ they produce 
Two iJentical l'Olt.1/!C rcfl'rcnccs arc uscJ in the meter, J-,ut only OtH' 

has hcen measu r ed. 
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ASSEMBLY TECHNIQUES 

Before the assembly process is begun, verify that all parts are 
present by examining the parts bags and comparing against the 
parts list. To speed the assembly process, examine and familiarize 
yourself with all parts in the kit so that identification will be 
readily accomplished . When capacitors and resistors are installed 
in the board, ensure that they are seated flush against the board. 
Then bend out the leads slightly to prevent them from falling out 
when soldering . After soldering, clip off any excess lead lengths. 

A major cause of kit malfunctions is improper soldering. Another 
is improper component locations . Be sure you have the right 
part in the right place . Pay particular attention to the polarity 
on electrolytic capacitors, diodes , transistors and other semi
conductor devices. 

Apply only enough heat and solder to make a good mechanical and 
electrical bond . Too much solder can cause solder bridges between 
adjacent foil areas on the P .C. Board. You will notice a green 
solder mask has been applied to the board to minimize this. 

It is recommended that a 25 to 40-watt soldering iron be used with 
a tip small enough to allow easy soldering to the small IC 
pads but not so small that heat is not retained for soldering the 
larger parts . When solder is applied to a component, be sure that 
the heat is simultaneously applied to both the component lead and 
the component pad on the P.C. Board so that good solder flow will 
occur. Be sure that after the soldering operation is complete 
that the lead still extends thru the solder smoothly, indicating 
a good solder joint. Do not ever blob the solder over the lead 
because this can result in a cold solder joint . 

rJ!J--~ P.C BOA RO 

BEND LEADS OUT 

After the entire P .C. Board is assembled, and prior to installing 
the board in the case, it is recommended that a solvent be used to 
clean the flux off the solder side of the printed circuit card. 
This will prevent any dirt from accumulating and shortening the 
life of your completed instrument. When applying solvent, be sure 
that you hold the board such that no solvent is allowed to enter 
the IC sockets, trimpots or switch assembly. 

In addition to the parts supplied with the kit, the following are 
required to complete assembly: 

Resin core solder, flux remover solvent and epoxy glue . 
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ASSEMBLY PROCCDURE 

It is required that the Assembly Procedure be performed in the 
order described in this manual. Before asseMbly is started, 
refer to the Parts List and verify that all parts listed are 
actually present. 

After a component has been installed and soldered in place, 
clip off any excess leads from the solder side. 

Refer to Figure 1 for the following steps . 

Install the following j~mper wires using t~e bare wire provideC. 

(/j J l !CJ J2 [\) J 3 I~ J4 Ill JG ltl J3 [~ J9 

Install the follo1·:ing jur:ipers using the wh ite in::iul11tec' wi re 
provided . 

DJ J7 fl JlS 
sfo 

Open the packet containing the resistors . Set aside the nine 
150 ohm resistors (brown- green-brown - red or brown-green-brown
gold). 

Install t.he following re::;istors . All are 1/•l-watt, 5? tolerance 
(fourth Land= gold) unless otherwise noted . 

111 Rl2, 1. SK ohm (brown-green-red) 

I~ R8 , 100 ohm (brown-black- brown) 

Ill R41 , 1. 2K ohm (brown-red- red) 

111 R43 , 470K ohm (yellow- violet-yel1ow) 

-I R44 , lK (brown-bl9ck-red-red or brown-black-red-qoldl 

~ R21 , 47K 1/2-watt (yellow-violet-orange) 

~ R42 , lM, 1/2-watt (brown- black-green) 

l 2 

wigfi
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Install thr ee lM (brown - black-green) resistors at the followino 
locations . 

~ Rl S rt R39 rl R46 

Install four ! OK (brown- black-orange) resistors at the following 
loca t ions . 

6 R7 ~I R20 (@ R40 g R4 5 

Install three 100k (brown-'!fEOQA bleekl- resistors at the following 
locations . fi,L\<- '-/ c.t ... 

If' R22 A'J\ R34 6 R47 

Open the diode package and install eight 1N4148 diodes at the 
fo l lowing locations . NOTE POLARITY . The polarity on these diodes 
i s difficult to read . The red tape indicates cathode , the white 
tape indicated anode . 

~] CR! 1, CRS 

[ ~ CR2 [~ CR6 

'v CRJ I { CR7 

(~ CR4 [\ CRB 

Install fou r 9 . lV Zener diodes at t he following locations . NOTE 
POLARITY . 

(Ji VRl lb VR3 

~) VR2 I) VR4 

- I 4 -

Open t he packet containing the precision resistors and install the 
following . * means 1% value . 

Il l Rl : 4. 99 Meg 1% 

cJ R2 : 4. 64 Meg 1% --<lDO-
(f] R4: 97 . 6K or 

[~ R6 : 976 ohm 1% ~ 
r I Rl0 : 9 . 761< (9760 ohms) n 
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1/ R57 : 105 ohm 1% 

IA Rl7 : 2K (2000 ohms) 1% 

(11 Rl8 : 8 . 06K (8060 ohms) 1% 

[{j Rl9 : 5 . 2 3K (5230 ohms) 1% 

i-i R26 : 887 ohm 1% 

fl R33 : 4. 64K ( 4 6 40 ohms) 1% 

~ R27 : 536 ohm 1% 

w R30: 121 ohm 1% 

u R29: 1 . 21K (1210 ohm) 1% 

Place the remaini ng precision resistors in their bag . These 
will be installed later. 

II Before proceeding with the switch assembly, verify that 
only the parts shown in Figur e 1 are installed. 

II Carefully unpack t he switch assembly and place it on a 
flat surface . 

- 15-
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(! Locate the t wo plasti c spacers and place the m o n the s wi t c h 
assembly (between switch pins) as shown . 

- I" -

1Vcarefully place the main pri nted circu it board (e t c h si de up) 
over the s witch assembly s o that a ll the holes mate witn 
the s witch pins. 

W Press down on t he pr inted circuit board around the switc h 
assembly so that the pins will protrude out the ho l es . 
Do this gently so that the pins do not be nd. Do not f o r ce 
the pins through the hole s . It may be ne c e ssa ry t o gently 
move the printed circuit boar d until all the pins are i n 
the appropriate holes . 

(j After the printed circuit board is installed , apply 
pressure until the board is seated. 

1{ Solder all the pins on the s witch asse mbly tha t protrude 
through the P . C. board . 

V After turning the P . C. board ove r so that the compone nt 
side faces up , remove the two plastic space r bars by s l iding 
them out the side of the s witch assembly . 

lYCut, form and strip a 7 " leng th of white insulated wire 
f o r j umper JS . 

1/ Ro ute the wire through the s witch assembly and solder o nly 
the end installed between the switch assembly . (See Figure 2) 

ID Install J l4 using the bare wire provided . 

1• Cut, form and strip a 3" length of white insulate d wire 
for jumper Jl6. 

IA Route Jl6 through the s witch assembly as shown and solder . 

Refer to Figure 2 to complete the P . C. Board Assembly . 

I nstall nine 150 ohm (brown- green- brown-red or brown-gre en-brown
gold) resistors at t he following locations . 

(1 R48 

(I R49 

(,) RSO 

" RSl 

(,{ R52 

rl RSJ 

I! R54 

( ( RSS 

r( R56 
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Install the following precision resistors. 

~] R23: 3 .32K (3320ohms) 1% 
I [J R24: 1.87K (1870 ohms) 1% 

[~ R32: lOK o hms 1% 

c/ Install an 8-pin IC socket at location Z4. 

1/ Cut the 18-pin single-in-line socket into lengths of 
6,6,4, and 2 pins as shown . Cut on a flat surface with 
a sharp blade or knife. Do not cut any other way or 
damage to the socket will result. 

d Insert the 
TS. 

d Insert one 
points T2 

--
4-pin strip 

6-pin strip 
and T3 . 

UT APART AT 
POINTS SHOWN 

into holes marked TS, T6 , T7 and 

into the holes which include test 

6 Insert the other 6-pin strip 
test points Tl and T4 . 

into the holes which include 

[~ Insert the 2-pin strip 
{A/0 INPUT and GND) . 

into the holes marked T9 and TlO 

I~ Install the unconnected end of JS in 
Input). 

test point T9 (A/D 

18-

wigfi
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II Install IC sockets , if available . IC sockets are not 
provided with the kit nor are they required. However , 
it is recommended that you use IC sockets . 

II Form Jl2 using the bare wire provided and install into 
test points TS and T6 . 

{J Form Jl3 using the bare wire provided and install into 
test points T7 and T8 . 

(1 

II Open the packet marked "Calibration Parts" and install 
integrated circuit Z4 into t he 8-pin socket as shown 
be l ow. NOTE : Z4 (20-25) may be one of t wo types ; either 
an 8-pin dual- in-line package (MC1 403) or a three lead 
transistor t ype (AD580) . If the transistor type is 
supplied , install Z4 as shown below. If d ual-in- li ne is 
supplied , note polarity notch . 

MC1403 i 
A0580 

_____ PIN #l 

~ 

Insta l l t he fo l lowing calibration parts into the 6- pin socket . 

- 19-

11 R35 : 7 . SK (violet- g r een- red-gold or violet-qreen-black- brown) 

I I R36 : 16K (br o wn - blue- orange- gold) 

II R37 : l. BK (brown- gray- red- gold) 

r I R38 : l. 8M (brown-gray- green - gold) 
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Install the following transistors . 

[} 01 : 2SC184 90 Note Polarity flat. 

[) Q2 : 2N4 403 Note Polarity flat.. 

Install t wo 2N44 00 transistors . Note Polarity flat . 

!'1 03 [ I 04 

I 

j l Locate and install the two fuse c lips . Note the fuse 
clip s have a stop ridge . This must face away from the 
fuse body. 

~ Install the fuse into the fuse clips . 

Install two triacs . Note polarity. For TRC2, the metal tab 
should face towards the fuse clip . Insure that the metal tab 
does not touch the fuse clip . 

Ill TRCl 

(~ TRC2 
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• :! I • 

II Locate and install the 1 ohm 1%, 5 - watt resistor at Rl 4 . 

I) Opc-n the capacitor package ,md install Cl : Trimmer Capacitor . 

Install the following Oise Capacitors : 

I I C2 : 2 4pf NPO 

II CS : . Oluf 

II C6 : . Oluf 

II Cl2 : . Oluf 

II Cl3: .Oluf 

II Cl9: . Oluf 

I I ClO : 470pf 

Marked 
.01 or 103 

II Cl8: . luf (or Mylar) Marked 104 or . 1 

Install the following Mylar Capacitors: 

R 
( I CJ: . OOluf , 200V (Marked . 001 or 1000K) 
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l) C7: . 22uf (Marked . 22 or 224) 

[ J Cl 4: . luf I 
II Cl7 : .luf 

Marked 104 or .1 

Install the following Electrolytic Capacitors, Note Polarity. 

l I C4: l0uf 

I I CB: l0uf 

I I C9: l0uf 

II Cll: 220uf 

[ J ClS : l00uf, l0V 

[] Cl6: l00uf, 16V or 20V 

Open the packet containing nine trimpots. 

II Install Rl6; l00K Trimpot 

(I Install R28: l00K Trimpot 

I I Install R31: l0K 

[) I nstall Rl3 : lK 

II Install Rll : 500 ohm 

11 Install R3 : SOOK 

11 Install RS : SK 

II Install R9 : 100 ohm 

I J Install R25 : 250 ohm 

wigfi
Stolen 2 Line Transparent
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Install the following capacitor on the solder side of the board 
at the location shown in the figure below. This is the only com
ponent mounted on the bottom of the P . C. board. 

II C20: .082 Mylar , 200V Capacitor 
~l'ltt..~\D {f-4) ¥- c)I. '(ll_ 

I C>o u o,._ ~oov ~ 

If sockets for IC's are not used, exercise care when soldering the IC pins. Avoid excessive heat and insure that your solder
ing iron is grounded . 

II Install Zl (20-25 or AD580 or MC1403) in similar fashion 
as Z4 previously installed . 

or 

AD580 MC1403 

-23 -
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Ins tall two IC's (20- 4 1 or LFJ56N) observing polarity notch. 

11 Z2 

8-Pin DIP 
11 ZJ 

II Install ZS (75492 or 492-5) observing polarity notch. 

14-Pin DIP 

II Install Z7 (20-788) observing polari t y notch. 

16-Pin DIP 

[) Install Z6 (20-786) observing polarity notch . 

2 4-Pin DIP 

[) Check to sec if all IC ' s are i nstalled correctly. 

Locate all the par ts for choke Ll. These consist of one bobbin, t wo E cores, one 11' length of magnet wire, tnpc. 

[] Wind all of the wire onto the bobbin as shown below. Be sure to leave both ends of t h e wire protrud~ng ~rom the bobbin. It i « not c ritical ..-hich way the wire •~ wound, o r 1f it 1 s pe r fectly even. 

.. -1. ,l . f ~-·J·r 1 
Begin Continue Complete 
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[I Wrap some insulation tape around the bobbin. 

'I'Wo laye::s 
of Tape 

II Mate together the two cores around the bobbin as shown 
above. Be sun, to out two layers of tape between the 
cores on each side of the "E". 

11 Wind several layers of tape around the cores to hold 
the assembly together. 

(J Scrape or sand insulation off choke leads. 

[J Cut, strip and form a piece of black insulated wire and 
use the wire to hold Ll onto the board as shown above . 

[J Tightly install and solder the ends of the wire on the 
solder side. 

[) Install and solder the two leads of Ll . 

ll Place the two plastic spacer bars, used previously, 
on top of the switch assembly. 

1-75"-

- 25 -
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-
II Install and solder the top P.C. board on the switch 

assembly. Be sure to solder all pins which protrude 
through the holes which have foil pads. 

II Remove spacer bars by sliding them out the side. 

' Cut and strip a black insulated wire to the length of 
6 " and solder one end of the wire to the common terminal 
adjacent to Rl4 leaving the other end unconnected. 

Iii Cut and strip a black insulated wire to a length of 
2 1/2" and solder one end to the common terminal 
adjacent to TRCl while leaving the other unconnected . 

' Cut and str ip a black insulated wire to a length of 6" 
and solder one end of it to the common hole adjacent to 
the fuse while leaving the other end unconnected. 

11 Find the molded ribbon cable provided , and segment the 
fifteen conductor cable into three cables; one of three 
conductors, one of five conductors , and one of seven 
conductors . 

II Strip a nd solder the three conductor cable into the holes 
on the main P . C. board labeled DPl , DP2 , nP3. 

II Strip and solder one end of the five conductor cable into 
the holes labeled Digits 1, 2, 3, 4 , ( - ). 

II Strip and solder one end of the seven conductor cable 
into the holes labeled Segments A, B , c, D, E , F, G. 

II Find the display board and the four LED display digits. 
Assemble the display digits to the P.C . board, observe 
polarity . Install t h e digits with their grooved surface up. 

- - Grooved Surface 

II Strip and solder the seven conductor cable into the 
display board observing that the segment letters A 
through G correspond to the same color wires as used 
on t he main P.C . board . 

II Strip a nd solder t he t hree conductor cable into the 
display board while observing that the DPl, 2 and 3 
signals correspond to the colors used on the main P. 
C. board . 

II Strip a nd solder the five conductor cable into th~ 
display board o bserving that the Di gits l, 2, 3 , 4 and 
(-) correspond to the colors used on the main P . C. board. 

[I Find the front panel and the red and blark input jarks . 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

[] Install the red input jack in the VQA hole and install 
the black jack in the common hole. 

!fl Ill Ill Ill Ill !!l 117117 Ill 

II Find the two plastic stand-offs used to mount the display 
to the front panel. 

[) Install and bond the stand-offs to the rear of the front 
panel with epoxy as shown below. Allow the epoxy to cure 
before completing assembly. 

- 27 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

[] Locate the bottom case half and lay it on surface that 
won't be damaged by a drill. 

11 Drill the four holes for mounting the feet, at the 
locations shown below. Use 1/8" drill. 

[] Drill the four holes for holding the two case halves 
together,at the locations shown below. use 5/32" <lri11.· 

,ooT IIIOUNTINI HOU:I 

LOWEft CASE HALF 
MOUNTING HOLES 

wigfi
Stolen 2 Line Transparent
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[] Install the plastic feet to the case half by inserting 
the two shafts on each foot into the holes in the case 
half as shown below . 

[) Melt the two shafts on the inside of the cover with a 
soldering iron to secure each foot to the bottom cover . 
Epoxy may also be used . 

-29 -
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(] Find and install the wire stand between the two feet 

as shown below . The case may be tilted up or down by 

changing the wi re mounting position. 

[) Install the two plastic panels in the slots in the rear 
of the case half as in Figure 3. 

[I Find the red switch button and install it on the power 
s witch. 

[l Find the four gray switch buttons and install them on 
the AC, VOLT, AMP and OHM switches. 

- 30 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

SC(. po>""., 
- l'J~ 

... 

() Find the four yellow switch buttons and install them 
on the R,\!'\GE I, RANGE 2, RANGE 3, and XlO swi tches. 

-3 1 -

fl 
St..1P p,..,Pl.iJt ~ -f\.Q 
~ the front panel, with the jacks and switch buttons 
installed, on the main P. C. board assembly as in Figure 3. 

() 

() 

() 

() 

() 

Solder the three black common wire from the main P. C. 
board assembly to the black common input jack . 

~older the white input wire f r om the main P. C. board 
assembly to the red input jack. 

Mount the display board onto the two plastic stand-offs 
on the rear of the front panel as previously shown. 

Find the plastic battery holder with blue or black and 
red wires. 

Install the red wire in the hole labeled + and the blue 
or b l ack wire in the hole labeled - at the rear of the 
main P. C. board. 

() Install the main P. C. board assembly, that has the front 
panel assembly a ttached, to the bottom case ha lf as shown 
in figure 3. 

() Mount the P. C. board to the bottom case half with the 
four short screws provirled. 

{) Install battery holder with batteries into batt e r y 
compartment of the case. 

() Perform Calib rati on Procedure, •1 or #2. 

() The top cover is attached to the bot tom cover with th e 
four long screws provided . 
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fl= / 7 73 

13 - /750 

C= /7 80 

D = I 758 

CALIORJ\TION PROCEDURE ~l 

--
- 33 -

Th1s Calibration Procedure has been prepared for the Kit Builder 
that has no other test equipment other than the Model 2000 digital 
multimeter Just assembled. To get the best calibration accuracy , 
it ts recommended that the Model 2000 be calibrated using Cali 
bration Procedure #2 . Cali b ration Procedure t2 will allow the 
calibration of the Model 2000 to within published speci f ications . 

Crlltbration Procedure •1 uses data supplied by Sabtronics on 
four resistors and a voltage reference . Accompaning these five 
components will be five calibr ation numbers : A t h rough E. These 
numbers, when used with the following calibration procedure , will 
allow reasonably accurate calibration of the Model 2000 . 

Z4 which is a voltage refer ence and the four resistors : RJS, 
R36 , R37, and R38 are used to provide both p~emeasur ed calibration 
voltages and premeasured resistance values . The premeasured vol t
ages allow calibration of the voltage scales . The premeasured 
resistances allow calibration of the ohm scales and the current 
shunts for the amp scales . 

Calibr ation Procedure 

1 . Assemble the test wire/resistor assembly shown in the figure 
below. This assembly will be used in calibration . 

SOLIO INSULAT ED 
WIRE tt,2 2 A WG. 

- -----2 .5 "------ ... SOLDER 

2. Remove the jumper wire running from the s witch assembly to 
Test Point T9 . Install the test wire/resistor assembly , 
described above into Test Points T9 and Tl0 as shown in the 
figure below. 

TEST WIRE "A" 

P.C BOARD 
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3. Install the batteries into the battery holder and depress 
Power, Volt and l00mV . 

4 . Connect t he open end of the test wire to Test Point Tl and 
adjust R31 for a display reading that matches the calibration 
number A. This calibration number is included with the cali
bration kit enclosed with the voltmeter . With only the power 
s witch depressed, t h is calibration number should be approxi
mately 180.0 . Th is adjustment is used to adjust the 200 mili
volt reference voltage at Test Point Tl . 

5 . Depress Power, Volt, l00mV , and Xl 0. 

6. Move the test wire from Test Point Tl to Test Point T2. Then 
adjust R28 for a display reading correspondinq to calibration 
number B. This number should be approximately 1800 . This ad
justmen t calibrates the internal 2 volt reference voltage. 

This completes the calibration of the t wo reference voltages used 
by the A/D converter . The following steps are used to calibrate 
the ohms circuitry . 

7 . Remove the test wire from Test Point T2 and install in Test 
Poin t T3 . Then short the two input jacks labeled V n A and 
common. To short the t wo jacks together , assemble an alli
gator clip lead a nd connect as shown in the figure below. 

INSULATED 
WIRE •22 
11/2" LONG 

TO 
CIRCUIT 

• 
TO 

CIRCUIT 

METER 
INPUT 
JACKS 

8 . The following s witches shoul d be depressed: Power, Ohm, 100n , 
and Xl 0 . 

9 . Adjust Rl6 until t he display jumps equally between (-) 999 and 
(-) 1000 . 

10. Remove t he t est wire/resistor assembly from the meter and 
disconnect t h e clip lead jumper shorting the input jacks. 
Atta c h the clip lead to the test wire/resistor assembly as 
s hown in the figu r e below. 

10 MEG 

• 

TEST WlltE "A" 

wigfi
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11. InsLa ll the jumper wire coming from the switch assembly to Test 
Point T9. This connec ts the A/0 converter input to the switch 
assembly which is nece ssary for normal operation. 

12 . Depress the following switches: Power, Ohm, 100n, and XlO . 

13. Locate a nd r e move R35 (7 . SK!I) f rom the socket that it is in
stalled in . 

14. Install the t e st wire in Test Point Tl and ad jus t trimpot 
~ for a display reading corresponding to the calibration 
number C. This should be approximately (-) 1800 . 

15 . Depress the following buttons: Power, Ohms , and lOK. 

16. Remove the test wire from Test Point Tl and insert in Test 
Point T2 . Monitor t he display while adjusting RS to corres
pond to calibration number D wh ich will be approximately 
(-) 18.00 . 

17. Depress the following buttons: Power, Ohm , and 1 megaohm. 

18 . Remove the test wire from Test Point T2 and install in Test 
Point T4 . While monitoring the display , adjust R3 to obtain 
the calibr ation number E. This will be approximately (- ) 1.800 . 
Now that the DC volt and o hm circuitry is calibrated, the 
current shunt resistors will be ca librated . 

19 . Reinstall R35 (7 . SKn) in its socket and remove the jumper 
connec ting Test Point TS to Test Point T6 and the jumper connecting 
Test Point T7 to Test Point TB. 

20 . Remove the test wire from Test Point T4 and install in Test 
Point TS. 

21 . Depress the following switches: Power, Ohm, and lOK. 

22. Locate and adjust trimpot Rll for a display reading of 
(-) 10 . 00. 

23 . Remove the test wire from the Test Point TS and install in 
Test Point TS. 

24. Depress the following switches: Power , Ohm , 1000. 

25. Find and adjust trimpot Rl3 until the display reads (- ) 
100. 2 . 

26 . Remove the test wire/resistor assembly and the clip leads 
from the input jacks. They will not be required for the rest 
of the calibration procedure . 
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27. Reinstall the wire jumpers from Test Points TS and T6 and 
Test Points T7 to TB . 

The AC volts will now be calibrated. This is accomplished by peak 
detecting 117 VAC 60 Hz and measuring this peak wi th the already 
calibrated DC scale. Once this DC peak is measured, the RMS 
equivalent may be ca lculated and will be used as the AC cali
bration number for the line voltage applied to the Model 2000 
meter. 

28. It will be required that an AC peak detector circuit be built 
as shown in the figure below . It will be used to obtain the 
peak DC voltage of the 117 VAC line . 

• ~ 
llOuf. 

0 
AC IN4004 

SIGNAL 
~16OV0C SOA,.CE: 

Il~OV ll7VAC 5OHz 
• 0 

29 . Depress s witches : Power , Volt , l0V, and Xl0. 

30. Install test l eads into the Model 2000 input jacks and 
measure the DC voltage across the l0uf capacitor in the 
peak detector circuit shown above. Record this vo ltage . 
This vol tage is ACpeak. 

31. Convert the measured DC voltage to the equivalent AC 
voltage using the following equation : ACr ms :(ACpeak + .7)/1.414 . 

32 . Depress s witches : Power, AC, Vo lt, l0V and Xl0 . 

33 . With test leads, apply AC line voltage to the input terminals 
of the Model 2000. 

34 . Find and adjust R25 while observing the display. R25 should 
be adjusted until the display reads the value calculated in 
Step 31. 

35. Find and adjust trimmer capacitor Cl to mid - range. This is 
a calibration of the hig h frequency AC r esponse. 

The calibration procedure is now compl ete . It is very important 
that the above calibration procedure be followed in order speci
fied . If the procedure is perfo rmed out of sequence , errors will 
resul t. 
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CALIBRATION PROCEDURE #2 

This Callbration Procedure is used to calibrate the Model 2000 
with Test equipment normally found in an average calibration 
lub . 

The equipment required 1s: 

l. Fluke , Model #760 meter calibrator or equivalent . 

2. O191tal Multiicter (4 1/2 digit) with input impedence in 
excess of 10 ohms (Example : HP3465A) . 

3 . AC Siqnal Generator (l0V at l0Kllz). 

SCOPE 

The .2 volt reference, the 2 volt reference, and the ohrn 
reference voltages arc all calibrated using the e x ternal 
4 1/ 2 digit multimeter . The input scaling resistances are 
ad j usted by injecting a known resistance into the meter. 
The current shunt resistors are adjusted using the 4 1/2 
digit multimeter . The /\C calibration is accomplished at 
601-Jz and l0Kllz by applying a calibr ated AC i nput vol tage 
and adjusting the trimmers until the cor rect readino is 
o btained. 

wigfi
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PROCEDURE 

1. Install the batteries into the battery holder and depress 
Power , Volt, and lOOmv . 

2. Connect the 4 1/2 digit meter to the .2V reference. Positive 
lead to R31 wiper and ground lead to Test Point TlO(GND). 

3. Adjust R31 trimmer until 4 1/2 digit meter measures l99.99mv. 

4. Depress Power , Volt , lOOmv, and XlO . 

5. Connect the 4 1/2 digit meter to the 2V reference. Positive 
lead to R28 wiper and ground lead to Test Point TlO(GND). 

6 . Adjust R28 trimmer until 4 1/2 digit meter measures 1.9999 
volt. 

7 . Depress Power, Ohm , and lOK switches . 

38 -

8. Short the input jacks with jumper as shown below. If necessary, 
assemble an alligator clip lead as shown. 

INSULATED 
WIRE •22 
I 1/2 " LONG 

TO 
CIRCUIT 

METER 
INPUT 
JACKS 

9. Connect the 4 1/2 digit meter to the OHM reference. Positive 
lead to Test Point T3 and ground lead to Test Point TlO(GND). 

10. Adjust Rl6 trimmer until external 4 1/2 digit meter measures 
-1.0000VDC. 

11. Remove clip lead from input jacks . 

12 . Depress Power, Ohm, and 1000 switches . 
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lJ. All following prec1s1on resistance Measurements require a 
.Ol t resistance source includina lead resistance . 

14 . Connect precision 180 ohm resistance to input jacks . 

15 . Adjust Rrltrirnrner until Model 2000 measures -180 . 2 . 
The .2 ohms allows for fuse resistance. 

16. Depress Power , Ohm, and lOK s witches 

17 . Connect precision 18K ohm resistance to input jacks . 

18. Adjust RS trimmer until Model 2000 measures - 18 . 00. 

19 . Depress Power , Ohm, and l Mn switches . 

20 . Connect precision l . 8Mn resistance to input jack s . 

21. Adjust R3 trimmer until 11odel 2000 measur es - 1. 800 . 

22 . Repeat steps 14 to 21 to verify that RS , RS , a nd R3 are 
properl y set. 

23. Remove Jl2 from Test Points TS and T6. 

24. Remove Jl3 from Test Points T7 and TS. 

25. Adjust trimmer Rll until the 4 1/2 digit meter reads 
10.000K ohm from Test Point TS to ground. Connect positive 
lead of 4 1/2 digit meter to Test Point TS and ground l ead 
to Test Point TlO(GND) . 

26. Adjust trimmer RlJ until the 4 1/2 digit meter r eads 100 . 00 
ohms from Test Point TS to ground . Connect positive lead of 
4 1/2 digit meter to Test Point T8 and ground lead to Test 
Point TlO(GNO). This calibrates the Range 2 current shunt . 

27. Reinstall Jl2 from Test Points TS and T6 . 

28 . Reinstall Jl) from Test Points T7 and TS. 

29 . Depress Power , AC , Volt , lOOmv, and XlO. 

-39-

30. Apply a precision 1.0000 V 60Hz sinewave signal to the input 
jacks . 

31. Adjust trimmer R25 until the Model 2000 displays 1. ooov . 
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32. Depress Power , AC, Volt, and l0V. 

33 . Apply a precision 10 . 00VAC l0KHz sinewave siqnal to the 
input j acks . 

3 4. Adjust trimmer capacitor Cl until the Model 2000 displays 
as close to 10 . 0SV as possible . This gives the meter the 
best l inearity over this range . 

35 . Calibration is now complete . 

- 10 

http://www.SteamPoweredRadio.Com


w
w

w
.S

te
a

m
P

o
w

e
re

d
R

a
d

io
.C

o
m

l I l-
--

-
1 I I I I I I I 

c,
 

00
1 

zo
o,

, I 

v,
n

 I
 

9
1Y

 
I 

~~
: 

I I 
••

 
l 

.,.
 

I I 

. 0 fiw
F

.c
il 
~
 

-
r
O

•U
l 

••
 

'"'"
' 

IU
,J

II
IH

 Z
: 

• 

IIA
l!rf

:l
f 

l,
 

• 

I 
••

 
I 

~~
•n

 
lo

w
:•
Y

'C
l.

.u
G

.t
~

t
-
-
-
-
-
-
--

4
-'

--
--

-<
>

--
<

>
-'

 
I l

'l
t(

).
T

[C
T

IC
tll

 

.J
 

O
H

M
$ • 

.... 
..,

 
.,. 

S
.2

1
A

 
, ... 

... 
n 

1-. 
.,.

 
....

 
l•

U
 

O
U

T
 

,,. 
.....

 
... ""
" 

O
'lt

ll
C:

~
Y

U
ll

'U
I 

.I
C

.C
O

til
t'

[i
lt

T
U

 

:-
:-

-
-

t-:
:=

~
t-

--
:-

---<
t-
~

-
+

-
-
--

--
-j

f-,
--

--.!..
., .... -

~-
-..

:.:
:..

~-
-
-r.

:--
--

--
--

! •
o 

I 
~i

! 
I 

I I I 
,. 

I 
. ,

. 

I I 
... t
H

:<
 

... 

1
1

 
,,,

 .. "'
 ... ... ... '°'

" ... 
'"

 
1, 

I 
..

. 
I 

I 
U

Y
 

I 
I 

,.
u

 
I 

111
11•

 
I 

·~:
:-

I I I I I 
•••

 
10

a 

... .. ,.n , ... 

... '°'
 

... ,o,
 

.A
C

:~
D

C
 

, .. 
I 

... ··r
 

~
 

O
tt
ll

:t
, 

1
0

 

I I I I I _
_

_
_

_
_

 _
 

I I 
--

-
-
-
-
-

-
-
-
-
-

_
_

_
_

_
_

 l 
.,.

. .
. .

.,
. •

••
 , 

..
,o

m
n

o
• 

l 
""

 '"
"'

" •
••

<A
L1

0u
11

0•
 

:"
 

••
"-

! 
-

-
..l

...
 _

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
 I 

SC
H

E
M

A
T

IC
 

A
ll

 
sw

it
c
h

e
s 

sh
ow

n
 

in
 

th
e
 

o
u

t 
p

o
s
it

io
n

. 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

CIRCU IT DESCRIPTION 

Power Supply. Basic power required for the meter circuit is 
•4 to 6.5 voe at 120 Na. It is supp l ied by batteries or the 
op t iona l ex t ernal power circuit. -14.5 voe and -7.5 voe are 
produced by a blocking oscillator QI , Q2 and associated com
ponents; freq uency of osci llati on is approximately 2S KC. 
Q3 and Q4 base emitter junctions a re reversed and act as low 
l eakage zene r diodes whi ch regulate the output voltage of 
the power supp l y by starving base current from QI. 

Input Range Swi t ching . 
network used for input 
select divide rati o by 
C3 and C20 are us e d to 
AC variations and have 
sign a l s. 

Rl through R6 fo r m a voltage divider 
scaling. Range s witches 1, 2, and 3 
l, 100 or 1000 re s pectfully. Cl, C2, 
compensate for ci r c uit high frequency 
no effect on DC and low frequency input 

Ohm converter. 21 and 22 form a precision current sou r ce. 
The input sca l ing vo ltage divider is used in ohm mode to 
program the current. This constant c urrent is applied to 
the unknown resistance at input terminal s; the vo l tage 
dropped by the resistance is disp l ayed by the A/0 converte r 
as ohms. 

Cu rrent Shunt s and Switching. RlO through Rl3 form three 
c urrent shunt resistances. In the amp mode current through 
the input terminal s produces a voltage drop ac ross the 
selec ted shunt; this voltage is displayed by the A/0 con
verter as cur ren t . 

AC Converter. 23 and assoc iated components form a precision 
rec tifi er circui t which produces a DC output sca le factored 
to the AC input. Calibration adjustment R25 set the sca l e 
f acto r for sine wave i nput s. 

Reference Supply and Ca l ibration . 24 is a preci sion in t e
grated ci rcuit voltage regulator. The 2.SV output of 24 is 
applied to voltage divider R26 through R31 to develop the 
2V and .2V reference needed by the A/0 convertor. R3 ~ 
through R38 and 24 provide a se lf- ca libration methode. 
Although the resistors a r e S\, th ey have been measured to 
.I \ of their e xact value and voltage di vider output with 24. 
R35 through R38 and Z4 are supplied a s a se t with accompanying 
ca l ib rations number s . These part s a r e installed in soc ke t s 
to prevent so ld ering heat from c han gi ng their value. 

A/0 a nd Display Drive. Z6 i s an integ r a t ed dual s lop e A/0 
convert er circuit. Input voltages to be disp l ayed f eed into 
pin-3 through l ow pass filter Cl2 and R42. Xl-XIO switch 
se lec t s the appropriate .2V or 2V reference and s l ope time 

- 4 2-
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constant R46 or R47 and Cl7. R43 sets the clock frequency to 
approximately 80 KHz. Cl4 is used in the auto zero function. 
The multip l exed outputs of the A/D IC are fed to the digit 
driver ZS and segment driver 27 to drive the LED display. 
RSO through R56 control the display current. 

Decimal Point Selector. Current limited by R49 is directed by 
switch contact and light the appropriate decimal point. 

Over Voltage and Over Current Protection. TRCl and zener diodes 
VRl and VR2 form a crowbar circuit which short out damaging 
current and voltages during the time it takes for the fuse to 
b l ow. TRCl protects the Range 3 ohms section which does not 
have high enough circuit resistance to limit current to a safe 
value. TRC2 and zener diodes VR3 and VR4 operate in a sinular 
manner to TRCl but protect the meter Range 1 and Range 2 current 
shunts. RlS, R21, CRl, CR2, R42 and Cl2 also provide overload 
protection to their associated circuits by limiting overload 
current to a safe value. 

-43-
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