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WA R R A NTY 
LAKE SHORE CRYOTRONICS, INC. warrants each instrument of 
its own manufacture to be free from defects in material 
and workmanship. Obligations under this Warranty shall 
be limited to replacing, repairing or giving credit for 
the purchase price, at our option, of any instrument ret- 
urned, shipment prepaid, to our factory for that purpose 
within ONE year of delivery to the original purchaser, 
provided prior authorization for such return has been 
given by an authorized representative of Lake Shore Cryo- 
tronics, Inc. 

This Warranty shall not apply to any instrument, which our 
inspection shall disclose to our satisfaction, to have 
become defective or unworkable due to abuse, mishandling, 
misuse, accident, alteration, negligence, improper installa- 
tion, or other causes beyond our control. This Warranty 
likewise shall not apply to any instrument or component 
not manufactured by others and included in Lake Shore Cryo- 
tronics, Inc. equipment; the original manufacturer's warran- 
ty is extended to Lake Shore Cryotronics, Inc. customers. 

Lake Shore Cryotronics reserves the right to make changes 
in design at any time without incurring any obligation 
to install same on units previously purchased. 

THERE ARE NO WARRANTIES WHICH EXTEND BEYOND THE DESCRIPTION 
ON THE FACE HEREOF. THIS WARRANTY IS IN LIEU OF, AND 
EXCLUDES ANY AND ALL OTHER WARRANTIES OR REPRESENTATIONS, 
EXPRESSED, IMPLIED OR STATUTORY, INCLUDING MERCHANTABILITY 
AND FITNESS, AS WELL AS ANY AND ALL OTHER OBLIGATIONS, 
LIABILITIES OF LAKE SHORE CRYOTRONICS, INC., INCLUDING 
BUT NOT LIMITED TO, SPECIAL OR CONSEQUENTIAL DAMAGES. NO 
PERSON, FIRM OR CORPORATION IS AUTHORIZED TO ASSUME FOR LAKE 

ITY NOT EXPRESSLY PROVIDED FOR HEREIN EXCEPT IN WRITING DULY 
EXECUTED BY AN OFFICER OF LAKE SHORE CRYOTRONICS, INC. 

SHORE CRYOTRONICS, INC. ANY ADDITIONAL OBLIGATION OR LIABIL- 
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SECTION I 

General  Informat ion  

1.1 In t roduc t ion  

The fol lowing i s  a d e s c r i p t i o n  of t h e  DRC-70 cryogenic  d i g i t a l  
thermometer and DRC-7C, DRC-70C cryogenic  d i g i t a l  thermometer/controllers. 
The DRC-7/70 s e r i e s  of i n s t rumen t s  are designed t o  be  used w i t h  t h e  Model 
DT-500-DRC and DT-500CU-DRC-36 s i l i c o n  d iode  senso r s  manufactured by Lake 
Shore Cryot ronics ,  I n c .  

Severa l  d i f f e r e n t  d iode  senso r  curves  are designed f o r  u s e  w i t h  
t h i s  ins t rument .  When o rde r ing  replacement  s e n s o r s ,  care must b e  taken  t o  
a s s u r e  t h a t  t he  c o r r e c t  s enso r  curve  i s  s p e c i f i e d .  M u l t i p l e  curves  are needed 
s o  t h a t  Lake Shore can a s s u r e  t h e  customer t h a t  replacement  s e n s o r s  w i l l  b e  
a v a i l a b l e  a t  any t i m e  i n  t h e  f u t u r e .  For d e t a i l s ,  p l e a s e  see Sec t ion  1 . 6 .  

1 . 2  Descr ipt ion-General  

The DRC-7/70 series are comprised of completely se l f - con ta ined  u n i t s  
provid ing  d i r e c t  d i g i t a l  readout  i n  k e l v i n  tempera ture  u n i t s  and,  f o r  t h e  
c o n t r o l l e r s ,  temperature  c o n t r o l  by d i r e c t  d i g i t a l  comparison between t h e  
d isp layed  temperature ,  and a d i g i t a l  s e t p o i n t .  The DRC-70 and DRC-70C d i s p l a y  
temperature  t o  0 . 1  k e l v i n  r e s o l u t i o n  w h i l e  t h e  DRC-7C d i s p l a y s  temperature  
t o  1 k e l v i n  r e s o l u t i o n .  

The s p e c i f i e d  range  of o p e r a t i o n  i s  4.0 t o  400 K* u t i l i z i n g  s t anda rd  
DRC series sensors  which have been p re - se l ec t ed  t o  p rov ide  uniform cha rac t e r -  
i s t i c s  over t h i s  range .  These s e n s o r s  conform t o  t h e  s t anda rd  t a b l e  ( s e e  
Table  3.3) t o  0.5 R o r  b e t t e r  over  t h i s  tempera ture  range .  The in s t rumen t s ,  
however, a r e  u s e f u l  t o  1 K a l though t h e  accuracy i s  n o t  guaranteed below 4 K. 
P re - se l ec t ion  al lows t h e  DRC-7/70 series t o  b e  used w i t h  t h e  DT-500-DRC and 
DT-500CU-DRC-36 s e n s o r s  wi thout  ad jus tments  of any k ind .  S ince  t h e  s t anda rd  
s e n s o r s  are in t e rchangeab le ,  t h e  in s t rumen t s  may b e  used t o  r ead  ou t  any 
number of sensors  w i t h  equa l  accuracy when s e l e c t e d  through an  a p p r o p r i a t e  
swi t ch  o r  mul t ip l exe r .  

A l l  ins t ruments  c o n t a i n  a c o n s t a n t  c u r r e n t  s o u r c e ,  f o r  s enso r  exc i t a -  
t i o n ,  which i s  preset a t  t h e  f a c t o r y  a t  10  microamps. 

A s  a s tandard  f e a t u r e ,  a l l  u n i t s  are equipped w i t h  an  analog ou tpu t  of 
t h e  sensor  vol tage .  This  a l lows  t h e  ins t rument  u s e r  t h e  a b i l i t y  t o  record  t h e  
senso r  v o l t a g e  ve r sus  t i m e  o r  t o  u s e  a d i g i t a l  vo l tme te r  t o  measure t h e  sensor  
v o l t a g e  d i r e c t l y .  S ince  t h i s  ou tpu t  is  n o t  b u f f e r e d ,  a h igh  i n p u t  impedance 
r eco rde r  o r  vo l tmeter  must b e  used t o  avoid load ing  of t h e  senso r .  I f  t h e  
senso r  i s  c a l i b r a t e d  by t h e  u s e r  o r  by Lake Shore Cryo t ron ic s ,  I n c . ,  
temperature  may be  determined t o  b e t t e r  t han  10mK. 

Four opt ions  are  a v a i l a b l e  wi th  t h e  DRC-7/70 series of ins t ruments .  
One op t ion  i s  an analog s i g n a l  which is  p r o p o r t i o n a l  t o  tempera ture  (DRC-L/A). 
This  i s  s e t  up t o  have a s e n s i t i v i t y  of 10 mV/K b u t  may be  changed t o  t h e  u s e r ' s  
needs.  Another op t ion  i s  a BCD ou tpu t  of t h e  d i sp layed  tempera ture  (DRC-BCD-0 
f o r  DRC-70 o r  DRC-BCD-I/0 f o r  t h e  DRC-7C/70C). Included w i t h  t h e  BCD output  

* 

I f  p o s s i b l e ,  temperatures  above 330 K should b e  avoided w i t h  DRC series 
senso r s  s i n c e  some of t h e s e  s e n s o r s  may s h i f t  t h e i r  v a l u e s  s l i g h t l y  below 
20 ke lv in  i f  heated above 330 ke lv in .  



o p t i o n  f o r  t h e  DRC-7C/70C ins t ruments  i s  t h e  c a p a b i l i t y  t o  remote program 
t h e  temperature  s e t  p o i n t  v i a  a BCD s i g n a l  from s o u r c e s  such as a computer o r  
d i g i t a l  f u n c t i o n  g e n e r a t o r .  The t h i r d  o p t i o n  i s  e i t h e r  a two p o s i t i o n ,  f i v e  
p o s i t i o n ,  o r  t e n  p o s i t i o n  swi tch  (DRC-SW- 2 ,  5 ,  o r  10) f o r  m u l t i p l e  s e n s o r  
readouts .  The DRC-70 has  t h e  s w i t c h  mounted i n t e r n a l l y  whi le  t h e  DRC-7C/70C 
h a s  t h e  swi tch  mounted i n  an e x t e r n a l  box. The f o u r t h  o p t i o n  i s  a custom 
c u t  PROM (Programmable Read Only Memory) which corresponds t o  t h e  c a l i b r a t i o n  
curve  of t h e  customers DT-500 series s e n s o r .  A combination of c a l i b r a t i o n  and 
custom c u t  PROM w i l l  i n c r e a s e  ins t rument  accuracy t o  0 . 1  k e l v i n .  P l e a s e  n o t e  
t h a t  any sensor  may b e  used w i t h  t h i s  o p t i o n ,  i . e . ,  t h e  customer i s  n o t  
r e s t r i c t e d  t o  t h e  DRC series s e n s o r s .  

1 .3  Descr ipt ion-Specif  i c  

The fol lowing provides  a d e s c r i p t i o n  f o r  t h e  DRC-70 and DRC-7C/70C 
ins t ruments .  

The DRC-70 and DRC-70C p r o v i d e  d i r e c t  temperature  readout  i n  k e l v i n  
degrees  w i t h  0.1 degree  r e s o l u t i o n .  The DRC-70C c o n t r o l s  i n  a p r o p e r l y  
designed system t o  0 .1  k e l v i n .  The DRC-7C h a s  1 degree  r e s o l u t i o n  and c o n t r o l s  
t o  1 k e l v i n .  Conformity t o  a s t a n d a r d  DRC curve  i s  b e t t e r  t h a n  0.5 k e l v i n  
over  t h e  temperature  range from 4.0 t o  380 K .  

The DRC-7/70 series is  designed around an F8 microprocessor  u s i n g  a 
3850/3853 c o n f i g u r a t i o n  and a s s o c i a t e d  suppor t  c i r c u i t s .  The DRC curve  is  
s t o r e d  i n  a PROM which can handle  up t o  32 break  p o i n t s .  The d a t a  c o n s i s t s  
of a t a b l e  of tempera ture ,  v o l t a g e  and s l o p e  between each break  p o i n t .  These 
s t r a i g h t  l i n e  segments g e n e r a t e  t h e  DRC curve  t o  a n  accuracy of b e t t e r  than  
0 . 1  k e l v i n  over  t h e  e n t i r e  tempera ture  range  (4 .0  - 400 K ) .  Sensors  are  
s e l e c t e d  t o  conform t o  t h i s  curve  t o  a n  accuracy o f  b e t t e r  t h a n  0.5 K over  t h e  
e n t i r e  range.  

1 . 3 . 1  General S p e c i f i c a t i o n s  

The fol lowing s p e c i f i c a t i o n s  f o r  t h e  DRC-7/70 ser ies  are a p p l i c a b l e  
when used w i t h  t h e  s t a n d a r d  DT-500-DRC o r  DT-500CU-DRC-36 temperature  s e n s o r s .  

General  : 

Temperature Range: 1 t o  4 0 0 K  (Accuracy n o t  guaranteed below 4 . 0  K) 

Sensor:  S i l i c o n  Diode (Model DT-500-DRC o r  DT-500CU-DRC-36) 

Sensor I n p u t :  4 t e r m i n a l  connect ion,  c o n s t a n t  c u r r e n t  e x c i t a t i o n  

Sensor E x c i t a t i o n :  Constant  c u r r e n t  10  microamperes 

Current  Regulat ion:  ±0.01% 

Input  L i n e  Voltage:  115 V o r  230 V ,  50 - 60 Hz, swi tch  s e l e c t a b l e  

Operat ing Environment: 10 - 45°C 

C i r c u i t  Design: I n t e g r a t e d  c i r c u i t s ,  microprocessor  c o n t r o l l e d  



Input  Impedance: Greater t h a n  100 megohms 

Weight: 5 . 9  Kg (13 pounds) 

Dimensions: 10.7cm ( 4 . 2 " )  h i g h  x 31.0cm (12.2") wide x 
25.4cm (10.01”) deep 

Temperature Readout: 

Display:  3 d i g i t s  ( f o r  DRC-7C), 1.1cm (0.43") h i g h ,  7 
segment, non-blinking 

4 d i g i t s  ( f o r  DRC-70/70C), 1.1cm (0.43") h i g h ,  7 
segment, non-blinking 

Temperature C o e f f i c i e n t  
E r r o r :  0 .01  K/°C 

Conformity To LSCI Standard 
DRC-70 S i l i c o n  Diode Table:  0.5 K (4 - 400 K) 

Resolu t ion :  1 K f o r  DRC-7C 

0 . 1  K f o r  DRC-70/70C 

Response T i m e :  2 .2  seconds t o  r a t e d  accuracy 

o u t p u t s  : 

Analog (S tandard) :  Monitor o u t p u t  of s e n s o r  v o l t a g e  

Analog (Opt iona l ) :  10mV/K a t  <10 ohm o u t p u t  impedance 

D i g i t a l  (Opt iona l ) :  TTL compatible  p a r a l l e l  BCD 

Temperature Cont ro l :  (For DRC-7C/70C on ly )  

S e t  P o i n t :  D i g i t a l  thumbwheel s e l e c t i o n  d i r e c t l y  i n  
k e l v i n  tempera ture  u n i t s  

S e t  P o i n t  Resolu t ion :  1 K f o r  DRC-7C and 0 . 1  K f o r  DRC-70C 

Opt iona l  Remote S e t  P o i n t :  TTL compatible ,  p a r a l l e l  BCD 

C o n t r o l l a b i l i t y :  1 K ( f o r  DRC-7C) w i t h  a p r o p e r l y  designed system 

0 . 1  K ( f o r  DRC-70C) w i t h  a p r o p e r l y  designed system 

Standard 0 - 46 w a t t s ,  0-1A, 0 - 46 VDC Heater Output:  

Cont ro l  Mode: T i m e  p r o p o r t i o n a l  g a i n  and reset 



1.4 Major Assemblies Supplied 

The DRC-7/70 series includes as standard equipment, in addition to 
the digital thermometer, the following: 

A. Operating and Servicing Manual. 
B. Five Pin Plug for Temperature Sensor Cables. 

C. Three Pin Plug for Monitor of Sensor Output Voltage. 

Model DT-500 series silicon diodes are not supplied as part of the 
DRC-7/70 instrument. 

1.5 Accessory Equipment and Custom Options Available 

The following accessory equipment and custom options are available from 
the factory. Items marked with an asterisk (*) are of a custom nature, the customer 
should discuss these items with a factory representative before ordering. 

A. Extra Five Pin and Three Pin Connectors. 

B. 19" Rack Mount. 

C. DT-500-DRC and DT-500CU-DRC-36 Silicon Temperature Sensitive Diodes 
(Uncalibrated). (See data sheets at end of this manual for nominal 
operating characteristics and case styles available). 

D. DT-500-DRC Silicon Temperature Sensitive Diodes (Calibrated). Standard 
laboratory calibration service for correlating diode output voltage 
with diode temperature. 
ation. 

See sensor data sheet for additional inform- 

E. Custom Modification of Sensor Current Supply Value.* 

F. Analog of Temperature (10mV/°K is standard). 

G. TTL Compatible Parallel BCD of Temperature (Also Remote Set Point 
Input - Standard with BCD output for DRC-7C/70C instruments). 

H. Custom Cut PROM of calibrated DT-500 diodes series. 

I. Two Position, Five Position and Ten Position Switches for multiple 
sensor readout. (Switch is mounted internally in DRC-70 instruments 
(See Table 3.1) 
instruments . ) 

Switch is mounted in an external box for DRC-7C/70C 

1.6 Ordering of Replacement or Additional Sensors 

Two different sensor configurations are available for use with the 
Model DRC-7/70 series instruments. These are the DT-500-DRC and the DT-500-CU- 
DRC-36 sensors. Their description is included in the cryogenic temperature 
sensing elements brochure which is included in the back of this manual (see 
reference numbers 8 and 14 for dimensions of these sensors). 

Three curves presently exist which can be used with the DRC series 
instruments. The correct curve must be specified so that your instrument 
will have its stated accuracy. 
following ways : 

The proper curve may be determined in one of the 



A. Specify t h e  s e n s o r  s e r i a l  number t h a t  i s  c u r r e n t l y  be ing  used 
wi th  t h e  ins t rument  ( s e r i a l  number is  found on t h e  end of t h e  
p l a s t i c  box i n  which t h e  sensor  w a s  r e c e i v e d ) .  

B.  Most i n s t r u m e n t s  i n d i c a t e  t h e  c o r r e c t  curve  on t h e  s e r i a l  
number s t i c k e r  l o c a t e d  on t h e  back of t h e  i n s t r u m e n t ,  e . g . ,  
DRC-70C-B-BCD-L/A. The B i n d i c a t e s  t h a t  a B s e n s o r  must b e  
s p e c i f i e d ,  e .  g . , DT-500-DRC-B. 
bo th  t h e  BCD and analog of temperature  o p t i o n  are on t h i s  
ins t rument .  

The BCD-L/A i n d i c a t e s  t h a t  

C .  The t h i r d  way i s  t o  open your instrument  and observe t h e  
w r i t i n g  on PROM U13. The fol lowing t a b l e  g i v e s  t h e  cor res -  
pondence between t h i s  w r i t i n g  and t h e  a p p r o p r i a t e  curve: 

Curve PROM U13 

0 B 3  
A B 4  
B B 6  

D.  A f o u r t h  way i s  t o  measure t h e  d iode  v o l t a g e  f o r  your sensor  
a t  4.2K 

DRC Curve Sensor Voltage a t  4 . 2  K 

0 2 .42  - 2.48 
A 2.30 - 2.34 
B 2.50 - 2.56 



SECTION II 

Installation 

2.1 Introduction 

This section contains information and instructions necessary for the 
installation and shipping of the model DRC-70/7C/70C Cryogenic Temperature 
Indicators and Controllers. Included are initial inspection instructions, 
power and grounding requirements, installation information and instructions 
for repackaging for shipment. 

2.2 Initial Inspection 

This instrument was electrically and mechanically inspected prior to 
shipment. 

It should be free from mechanical damages, and in perfect working 
order upon receipt. To confirm this, the instrument should be inspected 
visually for obvious damage upon receipt and tested electrically by use to 
detect any concealed damage. Be sure to inventory all components supplied 
before discarding any shipping materials. If there is damage to the instrument 
in transit, be sure to file appropriate claims with the carrier, and/or 
insurance company. Please advise the company of such filings. In case of 
parts shortages, please advise the company. The standard Lake Shore Cryotronics 
warranty is given on page iv. 

2.3 Power Requirements 

Before connecting the power cable to the line, ensure that the line 
voltage selector switch (115 V or 230 V) is in the appropriate position for 
the line voltage to be used. Examine the power line fuse to ensure that it 
is appropriate for the line voltage. (115 V, 230 V = 0.4 Amp) Nominal 
permissible line voltage fluctuation is ±10% at 50 to 60 Hz. 

Caution: Disconnect line cord before inspecting or changing line fuse. 

2.4 Grounding Requirements 

To protect operating personnel, the National Electrical Manufacturer's 
Association (NEMA) recommends, and some local codes require instrument panels 
and cabinets to be grounded. This instrument is equipped with a three-conductor 
power cable which, when plugged into an appropriate receptacle, grounds the 
instrument. 

2.5 Installation 

The DRC-70 Thermometer and DRC-7C/70C Thermometer/Controller are all 
solid state and do not generate significant heat. It may therefore be rack 
mounted in close proximity to other equipment in dead air spaces. The heat 
from such adjacent equipment should not subject the thermometer to an ambient 
temperature in excess of 50°C (122°F). A s  with any precision instrument, it 
should not be subjected to the shock and vibrations which usually accompany 
high vacuum pumping systems. 

The recommended cable diagrams for the sensor diode and heater element 





(in the case of the DRC-7C/70C controllers) are shown in Figure 2.1(a) and 
(b). The use of a four wire diode connection is highly recommended to avoid 
introducing lead IR drops which will occur if the alternate two lead sensor 
cable connection is used. For example, for a two lead connection, every 25 
ohms of cable resistance corresponds to a .1 K error above 30 kelvin. The 
alternate wiring scheme shown in Figure 2.1(c) may be used for the diode in 
less critical applications where lead resistance can be kept small. The 
indicated shielding connections are the recommended standard practice to 
avoid ground loops. 

2.6 Repackaging €or Shipment 

Before returning an instrument to the factory for repair, please 
discuss the malfunction with a factory representative. 
suggest several field tests which will preclude returning a satisfactory 
instrument to the factory when the malfunction is elsewhere. If it is 
indicated that the fault is in the instrument after these tests, the repre- 
sentative will send shipping instructions and labels for returning it. 

He may be able to 

When returning an instrument, please attach a tag securely to the 
instrument itself (not on the shipping carton) clearly stating: 

A. Owner and Address 

B. Instrument Model and Serial Number 

C .  Malfunction Symptoms 

D. Description of External Connections and Cryostats, 

If the original carton is available, repack the instrument in 
plastic bag, place in carton using original spacers to protect protruding 
controls, and close carton. Seal lid with paper or nylon tape. Affix 
mailing labels and "FRAGILE" warnings. 

If the original carton is not available, wrap the instrument in 
protective plastic wrapping material before placing in an inner container. 
Place shock absorbing material around all sides of the instrument to prevent 
damage to protruding controls. 
carton and seal with tape. 

Place the inner container in a second heavy 
Affix mailing labels and "FRAGILE" warnings. 



SECTION III 

Operat ing I n s t r u c t i o n s  

3 . 1  In t roduc t ion  

This  s e c t i o n  c o n t a i n s  a d e s c r i p t i o n  of t h e  o p e r a t i n g  c o n t r o l s  and 
t h e i r  adjustment under normal o p e r a t i n g  c o n d i t i o n s ,  and t y p i c a l  c o n t r o l l e r  
a p p l i c a t i o n s .  These i n s t r u c t i o n s  are based upon t h e  ins t rument  having been 
i n s t a l l e d  a s  o u t l i n e d  i n  Sec t ion  II. The d iode  p o l a r i t y  as shown i n  F igure  
2 .1 (a )  i n  p a r t i c u l a r  must b e  c o r r e c t .  
ohm hea t ing  element i s  assumed t o  t h e  "Heater" t e r m i n a l s  as shown i n  F igu re  
2 . 1 ( b ) .  

3.2 Cont ro ls ,  I n d i c a t o r s ,  Connectors 

For t h e  DRC-7C/70C ins t rumen t ,  a 50 

The ope ra t ing  c o n t r o l s ,  i n d i c a t o r s  and connec tors  on t h e  DRC-70 and 
DRC-7C/70C ins t rumen t ' s  f r o n t  and rear pane l s  are shown i n  F igu res  3 .1 ,  3 .2 ,  
3 .3 ,  and 3.4. The numbers w i t h  l e a d e r s  t o  v a r i o u s  c o n t r o l s  i n  t h e  f i g u r e s  
are keyed t o  the  e n t r i e s  i n  Table  3.1. 

Table  3 .1  - Entry  Number C o r r e l a t i o n  

NO. KEY NAME FUNCTION 

1 NO LABEL Dig i t a l .  t empera ture  d i s p l a y  l o c a t e d  behind 
f i l t e r  pane l .  

2 NO LABEL Ten p o s i t i o n  swi t ch ,  selects senso r  number 
from one through t e n  ( s e e  S e c t i o n  1 . 5 ( I ) ) .  

3 POWER A.C. l i n e  swi t ch  (ON/OFF) 

4 115/230 V A.C. l i n e  v o l t a g e  s e l e c t o r  s l i d e  swi tch  

5 .25A S.B. A.C.  l i n e  f u s e  (FUI) 

6 NO LABEL Sensor i n p u t  connector  f o r  s e n s o r s  one 

7 Remote I/O BCD ou tpu t  of tempera ture  ( o p t i o n a l )  

8 NO LABEL A.C. l i n e  cord 

9 Monitor Analog ou tpu t  of s e n s o r  v o l t a g e  (0-2.5 V) 

Maximum range  1-400 K. 

50-60 Hz 

through t en .  

o r  o p t i o n a l  l i n e a r  ana log  ou tpu t  of temperature  
(0-4 V ) .  
r e c o r d e r  o r  vo l tme te r .  S e e  Sec t ion  1 . 5 ( f ) .  

Sensor i n p u t  l ead  t e r m i n a l s  (P in  A ,  I+, P i n  E ,  
V+, P i n  B ,  I-, P in  D ,  V-, P i n  H ,  S h i e l d ) .  

Should b e  used w i t h  h igh  i n p u t  impedance 

10 

11 NO LABEL Same as Key 1 

1 2  NO LABEL LED t o  i n d i c a t e  when power i s  app l i ed  t o  

Sensor 

h e a t e r  l oad .  



NO. KEY NAME FUNCTION 

13 Heater F i n e  tun ing  power c o n t r o l .  Adjus ts  t h e  
maximum power a v a i l a b l e  from 0 t o  50 w a t t s  
o r  0 t o  2 0  w a t t s  dependent on s w i t c h  s e t t i n g  
on rear of ins t rument .  I n f i n i t e  r e s o l u t i o n  
through u s e  of v e r n i e r  c o n t r o l .  

1 4  POWER Same as Key 3 

15 NO LABEL D i g i t a l  s e t  p o i n t .  H a s  .1 K r e s o l u t i o n  

1 6  .75ASB-115 V Same as Key 5 

1 7  1 1 5 / 2 3 0  V Same as Key 4 

18 HI /LO L i m i t s  m a x i m u m  power t o  50 w a t t s  ( H I  

1 9  Heater Heater element t e r m i n a l s  

2 0  Remote I/O BCD i n p u t  of se t  p o i n t / o u t p u t  of tempera ture  

2 1  NO LABEL Same as Key 8 

22  1. OASB Output power f u s e  FU2 

2 3  Monitor Same as Key 9 

24  Sensor  Same as Key 10 

f o r  70C and 1 K r e s o l u t i o n  f o r  7C. 

.4ASB-220 V 

50-60 HZ 

p o s i t i o n )  o r  2 0  w a t t s  (LO p o s i t i o n )  











3 . 3  Temperature Readout 

The sensor  and h e a t e r  should b e  i n s t a l l e d  fo l lowing  t h e  sugges t ions  
l i s t e d  i n  t h e  " I n s t a l l a t i o n  and App l i ca t ion  Notes f o r  Cryogenic Sensors" 
brochure  i n  Sec t ion  VIII. 

Connect t h e  sensor  t o  t h e  ins t rument  fo l lowing  t h e  diagram i n  F igu re  
2.1. 

Turn t h e  power swi tch  t o  ON and observe  t h a t  t h e  d i s p l a y  shows t h e  
proper  temper a t  u r  e re  l a  t i v e  t o  t h e  s  amp 1 e temper a t u r  e. 

If t h e  d iode  o r  l ead  w i r e s  are s h o r t e d ,  t h e  d i s p l a y  w i l l  r ead  one o f  
t h e  fo l lowing:  

Curve PROM U13 Display 

0 B3 431.0 

A B 4  433.7 

B B6 428.0 

If t h e  d i s p l a y  r eads  one of t h e  above and b l i n k s ,  t h e  d iode  is  con- 
nec ted  backwards. In t h e  c a s e  of an  open l e a d ,  t h e  d i s p l a y  w i l l  s lowly d r i f t  
h ighe r  i n  temperature  from t h e  l a s t  v o l t a g e  r ead ing  taken  by t h e  A/D c o n v e r t e r .  

The sensor  and readout  d i s p l a y  should  fo l low Table  3 . 3  which i l l u s t r a t e s  
t y p i c a l  va lues  expected of t h e  s t anda rd  DT-500-DRC o r  DT-500CU-DRC-36 s e n s o r s  
f o r  your a p p r o p r i a t e  curve.  

I f  t h e  ins t rument  o r  s e n s o r  does n o t  ag ree  wi th  v a l u e s  l i s t e d  i n  t h e  
t a b l e ,  w i t h i n  t h e  accuracy of t h e  system, c o n s u l t  s e c t i o n s  on i n s t a l l a t i o n  
and/or  s e c t i o n  on t roub leshoo t ing  t o  de te rmine  t h e  cause and c u r e  of t h e  
mal func t ion .  

3 .3 .1  Remote P a r a l l e l  BCD Input /Output  Option 

The BCD o p t i o n  c o n s i s t s  of a 1 6  b i t  p a r a l l e l  ou tput  of tempera ture  
and,  f o r  t h e  DRC-7C/70C c o n t r o l l e r s ,  a 1 4  b i t  para l le l  i n p u t  of se t  p o i n t  i n  
k e l v i n  degrees .  The BCD i n  and ou t  i s  handled through connector  53 ,  a 40 p i n  
3M connector  on t h e  rear pane l  of t h e  ins t rument  (Key 7 of F igu re  3 .2  o r  Key 
1 7  of F igu re  3 .4 ) .  A jumper w i r e  i s  p laced  on t h e  p r i n t e d  c i r c u i t  board below 
I.C.'s U10 and U11 and above c a p a c i t o r  C21 ( s e e  F igu re  6.4  - DRC-7/70 S e r i e s  
Components Layout).  Cu t t ing  of t h i s  jumper a l lows  t h e  u s e r  t o  enable  a remote 
set p o i n t  by s e t t i n g  Pin-38, J1 h igh  ( s e e  Table  3 . 2 ) .  Decade coun te r s  i n t e r n a l  
t o  t h e  ins t rument  provide  a 1-2-4-8 code us ing  p o s i t i v e  l o g i c  w i t h  s t anda rd  
TTL l e v e l s  of 0.4 v o l t s  f o r  t h e  l o w  (o r  0) s ta te  and 2.4 v o l t s  f o r  t h e  h igh  
(o r  1) s t a t e  under f u l l  load  c o n d i t i o n s .  
two s t anda rd  l o a d s ,  3 . 2  mA, i n  t h e  l o w  s t a t e .  

The d r i v e r s  a r e  s u f f i c i e n t  t o  s i n k  



3.4 Standard DT-500-DRC and DT-500CU-DRC-36 Curves 

The s t anda rd  DT-500-DRC and DT-500CU-DRC-36 curve  i s  presented  i n  
Table  3.3. The senso r  and readout  d i s p l a y  should fo l low Table 3.3 which 
i l l u s t r a t e s  t y p i c a l  va lues  expected of a s t anda rd  DRC sensor  t o  w i t h i n  0.5 K. 
The t a b l e  a l s o  i n c l u d e s  a l ist  of PROM senso r  v o l t a g e s  and b reakpo in t s  used 
i n  t h e  l i n e a r i z a t i o n  of t h e  DRC curve  t o  a r r ive  a t  t h e  c o r r e c t  t empera ture  
readout .  

3.5 Calibration of the DRC-70/7C/70C Display 3.5 

The A/D ( ana log - to -d ig i t a l  conve r t e r )  and c u r r e n t  source  can b e  
c a l i b r a t e d  i n  t h e  fo l lowing  manner: t h e  senso r  c u r r e n t  has  been f a c t o r y  
c a l i b r a t e d  t o  10  microamperes ±10 nanoamperes. To check t h e  senso r  c u r r e n t  
wi thout  removing t h e  instrument  cover ,  a p r e c i s i o n  r e s i s t o r  of n o t  l e s s  t h a n  
.01% t o l e r a n c e  should be  connected t o  p i n s  A and B(Figure 2.1) of t h e  senso r  
socke t  (J2). A h igh  inpu t  impedance v o l t  meter connected t o  t h e  p r e c i s i o n  
r e s i s t o r  should measure a v o l t a g e  equa l  t o  10microamperes t i m e s  t h e  v a l u e  of 
t h e  r e s i s t o r .  For example, a 100 K±,01% r e s i s t o r  should read  1.0000 v o l t s  
w i t h i n  100 mic rovo l t s .  I f  a r e c a l i b r a t i o n  is needed, t h e  v o l t a g e  a c r o s s  t h e  
100 K r e s i s t o r  can be  ad jus t ed  by va ry ing  r e s i s t o r  R12 ( s e e  component p o s i t i o n  
diagram, F igu re  6.4) u n t i l  c o r r e c t  r ead ing  is achieved.  

The A/D conver t e r  has  a l s o  been c a l i b r a t e d  a t  t h e  f a c t o r y .  
t h e  A/D conve r t e r ,  a v o l t a g e  has t o  b e  a p p l i e d  a c r o s s  p i n s  E and D (F igure  2.1). 
A v a r i a b l e  100 K r e s i s t o r  o r  p r e c i s i o n  v o l t a g e  sou rce  i n  p l a c e  of t h e  d iode  are 
i d e a l  ways t o  g e n e r a t e  t h i s  vo l t age .  I f  a r e s i s t o r  i s  used,  i t  should b e  
v a r i e d  u n t i l  one of t h e  break  p o i n t  v o l t a g e s  i n d i c a t e d  i n  Table  3.3 is  genera ted .  
(A h igh  impedance v o l t  meter must b e  used f o r  t h i s  ad jus tment ) .  A f t e r  an 
a p p r o p r i a t e  v o l t a g e  is  ob ta ined ,  t h e  d i s p l a y  should be  c a l i b r a t e d  hy a d j u s t i n g  
t r impot  R20  u n t i l  t h e  d i s p l a y  r eads  t h e  c o r r e c t  t empera ture .  I f  a p r e c i s i o n  
v o l t a g e  source  is  used ,  a break  p o i n t  v o l t a g e  should be  d i a l e d  i n  and t h e  
d i s p l a y  should b e  c a l i b r a t e d  as above. A break  p o i n t  tempera ture  above 40 K 
should b e  used s i n c e  t h e  v o l t a g e  s e n s i t i v i t y  w i t h  temperature  is  lower a t  t h e  
h ighe r  tempera tures  (dV = 2.5 mV/K) t han  f o r  tempera tures  below 30 Kelvin. 

The 

To a d j u s t  

dT 
Table  3.2 g i v e s  t h e  p i n  c o n f i g u r a t i o n  f o r  t h e  BCD I/O op t ion .  

p i n s  shown are f o r  connector  J1 (40 p i n  3M connector  on rear of i n s t rumen t ,  
Key 7 and 1 7 ) .  

Table  3.3 shows a t a b l e  of b reak  p o i n t  d a t a  f o r  t h e  s t anda rd  DRC 
curve.  



Table 3.2 

BCD TEMPERATURE OUTPUT - MODEL DRC - SERIES 
REMOTE I/O 

2 4 6 8 10 1 2  1 4  16 18 20 22 24 26 28 30 32 34 36 38 40 

1 3 5 7 9 11 13 15 17 19 2 1  23 25 27 29 31 33 35 37 39 

BCD TEMPERATURE OUTPUT 

PIN 

1 800 

3 400 

5 200 

7 100 

9 80 

11 40 

13 20 

15 10 

17 8 

19 4 

2 1  2 

23 1 

25 .8 

27 .4 

29 . 2  

31 .1 

33 Data Val id  

35 -15V DC 

37 +15v DC 

39 D i g i t a l  Ground 

BCD TEMPERATURE INPUT 

PIN 

2 .1 

4 . 2  

6 .4 

8 .8 

10 1 

12 2 

14 4 

16 8 

18 10 

20 20 

22 40 

24 80 

26 100 

28 200 

30 Not used 

32 Not used 

34 Analog Ground 

36 Not used 

0 - I n t e r n a l  38 Remote Control  l - External 

40 + 5 V  



Table 3.3 

DT- 500-DRC ( B) Vo I t age - Tamperature Charac t e r  is t i c  
Bias Current 10uA 

T .  Kelvin ‘lean Sensor Voltage PROM Sensor 
Vo 1 t age 

1.0 - 2.6792 BP30 
1.5 2.6647 2.6638 
1.6 2.6623 2.6620 
1.7 2.6593 2.6591 
1.8 2.6562 2.6562 

1 .9  2.6528 2.6534 
2 . 0  2 .649 1 2.6505 RP29 

2 . 4  3.6321 2.6310 
2.6 2.6223 2.6212 

2.8 2.6117 2.6115 
3 . 0 2.6005 2.6017 BP28 
3.2 2.5886 2.5885 
3 . 4 2.5762 2.5754 
3.6 2.5633 2.5622 

3 .8  2.5499 2 .5491 
4.0 2.5361 2.5359 BP27 
4 . 2  2 .  5220 2.5213 

4 . 6  2.4928 2.4920 

4.8 2.4750 2.4774 
5.0 2.4631 2.4628 
5.5 2.4254 2 . 4 2 6 2  
6.0 2.3877 2 .  3896 
6.5 2.3505 2.3531 

7.0 2.3142 2.3165 
7.5 2.2790 2.2799 
8.0 2.2452 2.2434 UP26 
8 .5  2.2127 2.2134 
9 .0  2.1518 2.1835 

9.5 2.1524 2.1535 
10.0 2 .1246 2.12.36 BP25 
11.0 2.0731 2.0741 
12.0 2.0236 2.0245 
13.0 1.9730 1.9750 RP24 

14.0 1.9156 1.3156 
15 .0  1.5561 1.8562 
16 .0  1.7942 1.7967 BP23 
17.0 1.7325 1.7235 
18.0 1.6651 1.6629 

2.6410 2.64015 2.2 

4 . 4  2.5075 2 .  5066 



Table 3.3 

T, Kelvin Mean Sensor  Voltage PROM Sensor 
Vo 1 t age 

19 .0  1.5944 1.5959 BP22 
20.0 1.5159 1 . 5155 

1 . 4389 1.4351 '1.0 
22.0 1.3575 1.3546 BP21 
23. 0 i .2895 1 .2951 

24. 0 1.2378 1.2355 BP20 
25.0 1.1953 1.2000 
26.0 1.1645 1.1645 BP19 
27.0 1.1434 1. 1434 BP18 
28.0 1.1293 1.1288 BP17 

'9.0 1.1192 1 . 1 2 0 2  
30. 0 1.1115 1.1113 BP16 
3 2 . 0 1.1003 1.1003 UP15 
34.0 1.0923 1 . 0922 BP14 
36 .0  1.0859 1.0362 

38.0 1. 0804 1.0802 BP13 
40.0 1.0752 1.0754 
45.0 1 . 0632 1.0632 B P 1 2  
50.0 1.0515 1.0516 
55.0 1.0397 1.0399 BP11 

60.0 1 . 0276 1 . 0274 
65.0 1.0151 1.0149 
70.0 1.0024 1.0024 BP10 

0.98933 0.95923 75.0 
80.0 0.976 10 0.97602 

85.0 0.96277 0.96281 
90.0 0.94939 0.94960 BP 9 
95.0 0.93591 0.93597 

100.0 0.92235 0.92233 
105.0 0.90881 0.90869 

110.0 0.89520 0.89506 
115.0 0.88156 0.88142 
120.0 0.86788 0.86778 
125.0 0.85412 0. 85414 
130.0 0.84035 0. 84051 BP 8 

135.0 0 .  82652 0.82655 
1 4 0 . 0  0.81265 0.81259 
145.0 0.79873 0.79864 
150.0 0.78478 0.78468 
155 .0  0.77081 0.77073 

23 

75 



Table 3.3 

T Kelvin Mean Sensor  V oltage PROM Sensor 
Vo l t age 

75 160.0 0.75680 0 .  7 5677 
165.0 0.74276 0.74281 
170.0 0.72868 0.72886 BP 7 
175.0 0.71457 0.71463 
1so .0  0.70041 0.70039 

185 0 0.68622 0.68616 
190.0 0.67201 0.67197 
195.0 0.65777 0.65769 
200.0 0.64353 0.64346 
205.0 0.62928 0.62922 

210.0 0.61504 0.61499 
215.0 0. 60084 0.60076 
220.0 0.58672 0 .5 8 65 2 BP 6 

0.57268 0.57275 225.0 
230.0 0.55880 0.55899 

235.0 0.54508 0.54522 
240. 0 0.53152 0.53146 BP 5 
245.0 0.51810 0.51814 
250.0 0.50479 0.50482 
255.0 0.49151 0.49150 

260.0 0.47818 0.47819 
265.0 0.46483 0.46487 
270.0 0.45137 0.45155 BP 4 
275.0 0.43773 0.33763 
280.0 0.42388 0.42370 

285.0 0.40988 0.40977 
290.0 0.39574 0.39584 BP 3 
295.0 0.35155 0.38151 
300.0 0.36729 0.36718 
305.0 0.35294 0.35284 

310.0 0.33843 0.33851 BP 2 
315.0 0.32375 0.32368 
320.0 0.30893 0.30885 
325.0 0.29407 0.29401 
330.0 0.27919 0. 27918 

335.0 0.26432 0.26435 
340.0 0.24943 0.24951 
345.0 0.23458 0.23468 
350.0 0.21974 0.21985 
355.0 0.20500 0.20501 

360.0 0.19037 0.1901s BP 1 
365.0 0.17596 0.17619 
370.0 0.16192 0.16220 
375.0 0.14846 0.14821 BP 0 

225 

380.0 0.13597 0.13421 



SECTION I V  

Theory of Operat ion 

4 . 1  I n t r o d u c t i o n  

T h i s  s e c t i o n  c o n t a i n s  t h e  theory  of o p e r a t i o n  of t h e  DRC-7/70 series 
of ins t ruments  and c o n t a i n s  a d e t a i l e d  d e s c r i p t i o n  of t h e  microprocessor  
temperature  d e t e r m i n a t i o n  and c o n t r o l .  

4.2 General D e s c r i p t i o n  

Refer  t o  F i g u r e  4 . 1 ,  4 . 2  and F i g u r e  6 . 1  f o r  t h e  fo l lowing  d i s c u s s i o n .  
A p r e c i s i o n  1 0  microampere c o n s t a n t  c u r r e n t  s o u r c e  i s  used t o  e x c i t e  t h e  
d iode  s e n s o r  (Model DT-500-DRC o r  DT-500CU-DRC-36). The v o l t a g e  genera ted  
is  fed  i n t o  a n  A/D c o n v e r t e r ,  where i t  i s  converted t o  a d i g i t a l  s i g n a l .  
The mul t ip lexed  BCD o u t p u t s  of t h e  A/D are sampled by a microprocessor .  

The 
program f o r  tempera ture  conversion, and t h e  DRC curve ,  which i s  broken up 
i n t o  32 b r e a k  p o i n t  segments,  are s t o r e d  i n  a PROM. The microprocessor  
executes  a program which samples t h e  s e n s o r  v o l t a g e  and, u s i n g  break  p o i n t  
v o l t a g e ,  t empera ture ,  and s l o p e  informat ion ,  c a l c u l a t e s  t h e  c o r r e c t  Kelvin 
temperature .  The microprocessor  then  o u t p u t s  t h e  tempera ture  informat ion  
which i s  decoded and d i s p l a y e d  by an LED d i s p l a y .  

The microprocessor  i s  a n  F8 w i t h  a 3850/3853 c o n f i g u r a t i o n .  

The microprocessor  a l s o  c o n t r o l s  the BCD o u t p u t  of temperature  and 
BCD i n p u t  of se t  p o i n t  ( f o r  c o n t r o l l e r s ) .  

For t h e  DRC-7C/70C Thermometer/Controllers, t h e  F8 determines i f  
c o n t r o l  is  necessary  and carr ies  o u t  t h e  c o n t r o l  by adding power o r  reducing  
power a p p l i e d  t o  a system through a h e a t e r .  

4.3 D e t a i l e d  D e s c r i p t i o n  

A d e t a i l e d  d e s c r i p t i o n  of t h e  o p e r a t i o n  of a DRC ins t rument  is out-  
l i n e d  i n  t h e  fo l lowing  s e c t i o n s .  Refer t o  F i g u r e s  6 . 1  and 6.2  f o r  t h e  
fo l lowing  d i s c u s s i o n .  

4 . 3 . 1  Power Suppl ies  

There are s i x  d i f f e r e n t  power s u p p l i e s  i n c o r p o r a t e d  i n  t h e  DRC 
ins t rument .  The main power t ransformer ,  TX 1, h a s  two s p l i t  p r i m a r i e s  f o r  
115 o r  230 v o l t  AC o p e r a t i o n .  The s l i d e  s w i t c h ,  S 1 ,  selects t h e  proper  l i n e  
v o l t a g e .  There are t h r e e  d i f f e r e n t  s e c o n d a r i e s  which provide  t h e  r a w  v o l t a g e s  
f o r  t h e  s u p p l i e s .  

The f i r s t  secondary,  which i s  outputed through l e a d s  5 , 6  and 7 of t h e  
t ransformer ,  i s  r e c t i f i e d  by CR5-8. The 5 V r e g u l a t e d  supply t h a t  i s  used by 
t h e  I.C.'s i s  formed by C7, C 8  and a 5-vol t  p o s i t i v e  v o l t a g e  r e g u l a t o r ,  U34. 
A 5-vol t  u n f i l t e r e d  (bu t  r e g u l a t e d )  supply f o r  t h e  LED d i s p l a y  i s  provided 
by C6, C9 and t h e  5-vol t  p o s i t i v e  v o l t a g e  r e g u l a t o r  U31. The reason  f o r  
s p l i t t i n g  t h e  5-vol t  s u p p l i e s  i s  t o  avoid t h e  LED d i s p l a y  from loading  down 
t h e  main 5-vol t  supply .  







The second secondary, through l e a d s  8 ,  9 ,  and 10 ,  i s  r e c t i f i e d  by 
A -15 v o l t  supply  i s  generated by C2, C5 and t h e  n e g a t i v e  15  v o l t  CR1-4. 

v o l t a g e  r e g u l a t o r  U35. This  v o l t a g e  i s  used p r i m a r i l y  by t h e  A/D c o n v e r t e r .  
A +15 v o l t  supply i s  genera ted  by C 4  and t h e  p o s i t i v e  1 5  v o l t  v o l t a g e  r e g u l a t o r  
U 3 3 .  T h i s  +15 v o l t  supply i s  a l s o  used p r i m a r i l y  by t h e  A/D c o n v e r t e r .  A 
t h i r d  v o l t a g e  produced through t h i s  primary i s  a +12 v o l t  supply genera ted  
by C 1 ,  C 3 ,  and t h e  p o s i t i v e  12  v o l t  v o l t a g e  r e g u l a t o r  U32. The +12 v o l t  
supply is used t o  d r i v e  t h e  microprocessor .  

The t h i r d  secondary i s  outputed through l e a d s  14  and 15  and i s  
r e c t i f i e d  by CR9-12. A f l o a t i n g  1 5  v o l t  supply  is  genera ted  by C40 and a 
p o s i t i v e  1 5  v o l t  v o l t a g e  r e g u l a t o r  U36. T h i s  f l o a t i n g  15  v o l t  supply i s  
used t o  supply  t h e  c o n s t a n t  c u r r e n t  source .  

4 .3 .2  P r e c i s i o n  Curren t  Source 

The d iode  c o n s t a n t  c u r r e n t  supply is  s u p p l i e d  by t h e  p r e c i s i o n  
c u r r e n t  s o u r c e  U22. A r e f e r e n c e  v o l t a g e  used by t h e  c u r r e n t  source  i s  
d e r i v e d  from a n  i n t e r n a l  temperature  s t a b i l i z e d  p r e c i s i o n  v o l t a g e  r e f e r e n c e  
of 6.95 v o l t s  between p i n s  E and C of U22. R e s i s t o r s ,  R12A, R 1 3 ,  R14 and 
t r impot  R12 vary  t h i s  v o l t a g e  t o  match t h e  v o l t a g e  genera ted  by feedback 
r e s i s t o r  R19. R e s i s t o r  R19 has  been s e l e c t e d  t o  g e n e r a t e  4.99 V (by t h e  
feedback c u r r e n t  of  10 microamps). The trimmer r e s i s t o r  R12 a l lows  f o r  an 
adjustment  of t h e  r e f e r e n c e  v o l t a g e  t o  e q u a l  t h i s  feedback v o l t a g e .  The 
10 microamp o u t p u t  c u r r e n t  is  fed  through p i n s  G and B of U22 t o  t h e  s e n s o r  
connector  ( s e e  F i g u r e  2.1).  

4.3.3 A/D Converter  

The ana log- to-d ig i ta l  c o n v e r t e r  c o n s i s t s  of a p r e c i s i o n  4½ d i g i t  
I . C .  p a i r  t h a t  produces a mul t ip lexed  BCD o u t p u t  t h a t  is  a c c u r a t e  t o  ±1 
count over  t h e  e n t i r e  40,000 count range.  The 7 1 3 A  r u n s  on a 50 K Hz c l o c k  
genera ted  by U1. T h i s  c l o c k  frequency a l l o w s  f o r  one r e a d i n g  every .8 
seconds ( s i n c e  one c l o c k  p u l s e  i s  r e q u i r e d  t o  make one count ;  50,000 p u l s e s  
p e r  second would a l l o w  f o r  1 . 2  r e a d i n g s  p e r  second) .  
i s  outputed i n  a b i t - p a r a l l e d ,  b y t e - s e r i a l  form. 
is  mul t ip lexed  by U12 and converted t o  a  u s e a b l e  f o r m  f o r  t h e  microprocessor .  

The d i g i t a l  s i g n a l  
The A/D c o n v e r t e r  o u t p u t  

4.3.4 Microprocessor  Hardware 

The microcomputer used i s  a n  F8 microprocessor  i n  a 3850/3853 
c o n f i g u r a t i o n .  The 3850 i s  t h e  C e n t r a l  P r o c e s s i n g  Uni t  (CPU) and c o n t r o l s  
e x t e r n a l  suppor t  l o g i c .  
f o r  d a t a  t r a n s f e r  between t h e  3850 and l o g i c  e x t e r n a l  t o  t h e  microprocessor .  
The tempera ture  d e t e r m i n a t i o n  program and b r e a k p o i n t  d a t a  ( p l u s  c o n t r o l  
program) are s t o r e d  i n  2048-bit b i p o l a r  PROMS (256 b y t e s  x 8 b i t s  p e r  b y t e ) .  
The CPU r e a d s  t h e  program through t h e  SMI. 

The CPU h a s  two b i - d i r e c t i o n a l ,  8 b i t  I/O p o r t s  



The SMI u ses  e x t e r n a l  g a t e s  i n  t h e  de t e rmina t ion  of which PROM is  
enabled t o  be read .  

4.3.5 Software 

Refer t o  F igu re  4 . 3 ,  Figure  4.4  and 4 . 5  as an a i d  i n  t h e  fo l lowing  
F igure  4 . 3  i s  a flow c h a r t  which g i v e s  t h e  major s t e p s  of t h e  d i scuss ion .  

program and t h e i r  l o c a t i o n s  i n  memory. When t h e  ins t rument  i s  turned on, 
t h e  program i s  reset t o  s ta r t  from t h e  beginning.  
i n i t i a l i z e s  i n t e r n a l  r e g i s t e r s  t o  be  used i n  t h e  program. 
mult iplexed A/D i n fo rma t ion  when t h e  A/D c o n v e r t e r  t e l l s  i t  t h e r e  is  f r e s h  
d a t a  ready ( t h e  program s t a y s  i n  a loop u n t i l  t h e  A/D s i g n a l s  t h e r e  i s  in-  
formation ready) .  S ince  t h e  A/D c y c l e s  once every  .8 seconds,  t h e  program 
t akes  a l i t t l e  under one second t o  run  through.  

A t  t h i s  p o i n t ,  t he  program 
The program i n p u t s  

A f t e r  t h e  program has read  and s t o r e d  t h e  a p p r o p r i a t e  sensor  v o l t a g e ,  
i t  goes t o  the  d a t a  t a b l e  of 32 break  p o i n t  v o l t a g e ,  t empera ture ,  and s l o p e  
r e l a t i o n s h i p s .  The f i r s t  b reak  p o i n t  ( s e e  T a b l e  3 . 3 )  i s  t h e  lowest  v o l t a g e  
and h ighes t  t empera ture  p o i n t  w i th  t h e  s l o p e  be ing  t h e  s l o p e  of t h e  second 
break  p o i n t  ( s i n c e  t h e  f i r s t  b reak  p o i n t  does n o t  have a s l o p e  t o  a p o i n t  
above i t ) .  The program f i n d s  t h e  c o r r e c t  b reakpo in t  by checking each 
break  p o i n t  v o l t a g e  t o  see i f  i t  i s  lower t h a n  t h e  i n p u t  vo l t age .  A s  t h e  
break  p o i n t  i s  found, t h e  tempera ture  i s  c a l c u l a t e d  us ing  t h e  fol lowing 
equat ion  : 

T = (VBP - VAD) * SBP + TBP 

where : 
T i s  tempera ture  i n  K 
VBP i s  b r e a k p o i n t  v o l t a g e  
VAD i s  i n p u t  v o l t a g e  
SBP 
TBP i s  b reak  p o i n t  tempera ture  dV 

i s  s l o p e  between s u c c e s s i v e  b reak  p o i n t s  (dT) 

The tempera ture  is  then  ou tpu t  i n  a s e r i a l  form t o  a s e r i a l - t o -  
p a r a l l e l  s h i f t  r e g i s t e r  which is  l a t c h e d  i n t o  a decoder  d r i v e r  t o  feed  t h e  
d i g i t a l  d i s p l a y  board.  The l a t c h i n g  of d a t a  avo ids  a f l i c k e r  of t h e  d i s p l a y  
wh i l e  t h e  d a t a  is  changing. 

If t h e  in s t rumen t  is  a c o n t r o l l e r ,  t h e  program con t inues  on t o  
determine t h e  c o n t r o l  f u n c t i o n ;  i f  n o t ,  i t  loops  back f o r  t h e  next  A/D 
i n p u t .  

To prepa re  f o r  c o n t r o l ,  t h e  program i n i t i a t e s  i n t e r n a l  i n t e r r u p t  
l e v e l s  and v e c t o r s .  The set  p o i n t  can be  i n p u t  i n  one of two ways. One 
way i s  t h e  BCD swi t ches  on t h e  f r o n t  of t h e  i n s t r u m e n t ,  t h e  o t h e r  i s  through 
t h e  BCD I/O opt ion .  If t h e  f r o n t  pane l  swi t ches  are used ,  t h e  u s e r  can d i a l  
i n  t h e  c o n t r o l  tempera ture  d i r e c t l y  i n  Kelv in  deg rees .  I f  t h e  e x t e r n a l  BCD 
op t ion  is used,  a BCD s i g n a l  (from a source  such as a computer) i s  app l i ed  
t o  connector J1 ( s e e  Table  3 . 2 ) .  In o r d e r  f o r  t h e  ins t rument  t o  accept  t h e  
remote set p o i n t  and d i s a b l e  t h e  BCD swi t ches ,  a jumper on t h e  c i r c u i t  board 













has  t o  be  c u t  and a l o g i c  h igh  s i g n a l  app l i ed  t o  p i n  38 of J1. 
jumper i n ,  p i n  38 i s  he ld  low ( l o g i c  z e r o ) ,  s o  i n  o rde r  t o  enab le  t h e  remote 
s e t  p o i n t  t h e  jumper has  t o  b e  removed. 

With t h e  

To remove t h e  remote-set-point-enable ,  remove t h e  ins t rument  cover  
and c u t  a jumper between U10, U11, and C 2 1  ( s e e  F igu re  6 . 1  and 6.4) .  

Once t h e  set  p o i n t  has  been i n p u t ,  an e r r o r  s i g n a l  i s  determined,  
w i t h  t h e  e r r o r  s i g n a l  def ined  as: 

E = TAD - TSP 

where : TAD i s  c a l c u l a t e d  tempera ture  
TSP i s  s e t  p o i n t  tempera ture  

The ga in  f u n c t i o n  f o r  t h e  e r r o r  s i g n a l  is g iven  i n  F igu re  4.4 .  The 
f u n c t i o n  i s  based on t h e  tempera ture  and se t  p o i n t .  For a tempera ture  which 
i s  more than  2.55 K below t h e  set  p o i n t ,  t h e  c o n t r o l  power i s  f u l l  on (or  on 
f o r  100% of t h e  c y c l e ) .  
as t h e  e r r o r  reduces.  The pe rcen tage  of on t i m e  i s  given by: 

From 2.55 K t o  0 K ,  t h e  power is  reduced l i n e a r l y  

100 E % Power On = 2.55 

For example, i f  t h e  e r r o r  i s  1.52 °K, t h e  c o n t r o l  power i s  on 1 .52/2 .55  o r  
59% of t h e  per iod .  

However, i f  only t h e  p r o p o r t i o n a l  t e r m  from F igure  4.4 w a s  cons idered  
i n  t h e  de t e rmina t ion  of t h e  c o n t r o l  s i g n a l ,  i t  i s  obvious t h e  c o n t r o l l e r  
would c o n t r o l  below t h e  set p o i n t .  The re fo re ,  t h e  l i n e a r  t e r m  i s  i n t e g r a t e d  
(an i n t e g r a l  term added) .  
s i g n a l  and i n t e g r a l  t e r m  added. I n  an under temperature  c o n d i t i o n ,  power is  
added wh i l e  i n  an over  tempera ture  c o n d i t i o n ,  power i s  taken  away. 

F igu re  4.5 shows t h e  r e l a t i o n s h i p  between e r r o r  

The e r r o r  l i m i t  of 2.55 i s  chosen f o r  two reasons .  The f i r s t  is  t h e  
l i m i t a t i o n s  of t h e  hardware s i n c e  one so f tware  i n s t r u c t i o n  (o r  one by te )  
has  8 b i t s ,  t h e  maximum decimal  number t h a t  can be  manipulated is  255 ( o r  FF 
base  1 6 ) .  The second is  t h e  pe r iod  of t h e  F8 i n t e r n a l  t imer .  The t i m e r  t h a t  
i s  s e t  f o r  c o n t r o l  gene ra t e s  an  i n t e r r u p t  every 4 m s e c .  The c o n t r o l  s i g n a l  
is genera ted  by s e t t i n g  an e x t e r n a l  f l i p - f l o p  and count ing t h e  number of 
i n t e r r u p t s  u n t i l  t h e  pre-determined c o n t r o l  count i s  reached.  A t  t h i s  p o i n t ,  
t h e  t i m e r  s h u t s  i t s e l f  o f f  and resets t h e  f l i p - f l o p .  Here, 255 counts  t h a t  
are 4 m sec a p a r t  equa l  j u s t  over  1 second ( o r  j u s t  longer  than  t h e  pe r iod  
f o r  t h e  program t o  run  once) .  I n  t h i s  way, t h e r e  i s  cont inuous h e a t  on f o r  
more than  2.55 K below set p o i n t  cond i t ion .  

A l i g h t  has  been hard-wired t o  i n d i c a t e  when the  power is  be ing  
app l i ed  t o  the  h e a t e r  t e rmina l s .  This  l i g h t  is  a decimal p o i n t  i n  t h e  
lower r i g h t  corner  of t h e  least s i g n i f i c a n t  d i g i t .  

4.3.6 D i g i t a l  Display Board 

The d i g i t a l  d i s p l a y  d a t a  P i n  1 and c lock  P i n  2 and ground P i n  4 



are  a p p l i e d  t o  t h e  se r ia l  BCD t o  p a r a l l e l  BCD c o n v e r t e r s  (U110 and U111). 
The f o u r  d i g i t  BCD l i n e s  are a p p l i e d  t o  f o u r  BCD 7 segment decoder d r i v e r s  
(U106, U107, U108, and U109). A l a t c h  s i g n a l  (EL P i n  3)  is  a p p l i e d  i n  
p a r a l l e l  t o  t h e s e  decoder  d r i v e r s  t o  provide  f o r  a non-blinking d i s p l a y  
s i g n a l .  The o u t p u t  of t h e s e  c o n v e r t e r s  are t h e  7 segment d r i v e r s  t o  t h e  
LED d i g i t a l  d i s p l a y  (U102, U103, U104, and U105). 

P r o v i s i o n s  are made t o  d i s t i n g u i s h  between a n  overrange v o l t a g e  
such as may occur w i t h  a n  open sensor  l e a d  and a s h o r t e d  sensor .  For t h e  
normal range  of t h e  d iode  sensor  thermometer, t h e  t y p i c a l  v o l t a g e  v a l u e s  
are 0 .1  v o l t s  a t  400 K and 2 .5  v o l t s  a t  1 K. I f ,  however, 3 v o l t s  i s  
exceeded, t h e  A/D c o n v e r t e r  provides  a n  over range  s i g n a l  which i n  t u r n  i s  
a p p l i e d  through P i n  4 and U101 t o  t h e  BCD decoder  d r i v e r s  t o  provide  f o r  
a f l a s h i n g  l i g h t  as explained i n  S e c t i o n  3 . 3 .  The p r o v i s i o n  i s  a l s o  made 
f o r  a z e r o  i n p u t  ( a s  w i t h  a s h o r t e d  connect ion)  t o  d i s p l a y  a temperature  
a l s o  o u t l i n e d  i n  S e c t i o n  3 . 3 .  

A broken v o l t a g e  o r  c u r r e n t  l e a d ,  however, w i l l  b e  s e e n  as a g r a d u a l  
i n c r e a s e  i n  tempera ture  w i t h  t i m e ,  due t o  t h e  v e r y  h igh  i n p u t  impedance of 
t h e  A/D c o n v e r t e r .  



SECTION V 

Troubleshoot ing 

5.1 In t roduc t ion  

This  s e c t i o n  c o n t a i n s  t h e  i n s t r u c t i o n s  f o r  ma in ta in ing  and t rouble-  
shoot ing  t h e  DRC-7/70 series of ins t ruments .  

5.2 T e s t  Equipment and Accessor ies  

A high  i n p u t  impedance d i g i t a l  v o l t m e t e r a n d  o s c i l l o s c o p e ,  a f i f t y  ohm, 
t e n  w a t t  r e s i s t o r  t o  s i m u l a t e  a h e a t e r  element ( i n  t h e  case  of c o n t r o l l e r s )  
and a p r e c i s i o n  r e s i s t o r  connected t o  s i m u l a t e  t h e  d iode  wired according t o  
F igu re  2 .1  ( c )  are normally s u f f i c i e n t  t o  test t h e  DRC-7/70 ins t ruments .  

5.3 General Remarks 

On i n s t a l l a t i o n ,  one of t h e  major problems i s  an  improperly connected 
temperature  sens ing  d iode .  It is advised  t h a t  o t h e r  p o r t i o n s  of t h e  cryogenic  
system be  t e s t e d  b e f o r e  t h e  ins t rument  i s  t roub leshoo ted .  Some checks t h a t  
could be  made are: 

1) Open o r  s h o r t e d  sensor  o r  h e a t e r  l e a d s  ( e s p e c i a l l y  i n  an  

2) Leakage pa ths  between h e a t e r  and senso r  l e a d s  t h a t  induce 

area of f r equen t  d i sassembly) .  

e l e c t r i c a l  feedback i n  a d d i t i o n  t o  thermal  feedback. 

I f  t h e  mal func t ion  p o i n t s  toward t h e  in s t rumen t ,  more d e t a i l e d  tests 
should b e  made. 

5.4 Instrument  Tests 

The f i r s t  check t o  b e  made would be  t o  check t h e  i n p u t  l i n e  f u s e .  A 
3 / 4  Ampere, 250 V ,  f a s t - b l o  f u s e  i s  recommended. I f  t h e  i n p u t  l i n e  v o l t a g e  
and sensor  i n p u t  v o l t a g e  have been checked, t h e  fo l lowing  sequence should b e  
followed : 

1) Check a l l  t h e  power s u p p l i e s  f o r  proper  o p e r a t i o n .  The 5V supply 
f u r  t h e  d i s p l a y  should b e  between 3 . 8  and 5.0 V. Th i s  is  an un- 
f i l t e r e d  b u t  r egu la t ed  supply.  Power supply l i n e s  are i n d i c a t e d  
on F igu re  6 . 4 .  
w i l l  r e s u l t  i n  your DRC ins t rument  n o t  o p e r a t i n g  p rope r ly .  

5 .1  f o r  waveforms 

The f a i l u r e  of any of t h e s e  s i x  power s u p p l i e s  

2) Check f o r  t h e  waveforms a t  t h e  fo l lowing  p i n s  and r e f e r  t o  F igu re  



Table  5 . 1  

DRC S i g n a l s  and Funct ions 

S igna l  Funct ion 

a )  P in  1 2  of U 2 1  Clock s i g n a l  of A/D. conve r t e r .  Frequency 
I f  n o t  p r e s e n t  should b e  about  150 K Hz. 

r e p l a c e  U 7 .  Also check R22 and C36A. 

I n t e g r a t e d  s i g n a l  of A/D t o  de te rmine  t h e  
count pe r iod .  The pe r iod  should b e  about  
.8 seconds.  I f  n o t  p r e s e n t ,  check* U21 
and C30. 

b)  P in  14  of U20 

c)  S igna l  a t  R4 ( c l o s e s t  t o  This  i s  t h e  microprocessor  s i g n a l  between 
U16) t h e  CPU (3850) and SMI (3853).  The s i g n a l  

should p u l s e  once every second. 

I f  t h i s  s i g n a l  i s  n o t  p r e s e n t ,  check Table  
5 .1 ,  s i g n a l  d ) ,  e ) ,  f ) .  I f  t h i s  s i g n a l  is  
p r e s e n t  b u t  does n o t  p u l s e ,  U 1 8  and U19 
should b e  checked f o r  proper  ope ra t ion .  
U18 i s  a quad two-input NAND g a t e  (7400) 
and U19 is  a hex i n v e r t e r  (7404).  

Checking l o g i c  levels of t h e s e  I C ’ s  w i l l  
i n s u r e  proper  g a t e  ope ra t ion .  I f  bo th  
U 1 8  and U19 are working, see Table  5 . 1  
s i g n a l s  d )  , e ) ,  and f )  . 

d)  P i n  40 of U 1 7  Microprocessor RC c lock  s i g n a l .  I f  n o t  
p r e s e n t ,  check v a l u e s  and connec tors  f o r  
R2, R 3 ,  and C37. The frequency should b e  
about  250 K Hz. I f  t h e  c a p a c i t o r s  and 
r e s i s t o r s  are good, check t o  b e  s u r e  t h a t  
t h e  +12 v o l t  supply  t o  t h e  RC network i s  
p resen t  . 

e )  P in  1 of U 1 7  
P in  2 of U16 Clock l i n e  from CPU (3850) t o  SMI (3853). 

I f  no t  p r e s e n t ,  microprocessor  is  n o t  
c locking  t h e  i n t e r f a c e  dev ice .  Replace U17. 

f )  P in  2 of U 1 7  Wri te  l i n e  from CPU t o  SMI. I f  n o t  p r e s e n t ,  
P in  3 of U 1 6  r e p l a c e  U 1 7 .  

* Note t h a t  t h e  easiest way t o  check on I.C. i s  by d i r e c t  replacement .  
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S i g n a l  Funct ion 

g) P i n  1 0 ,  11, 1 4 ,  15 ,  of U12 Represents  A/D b i t  in format ion .  S i g n a l s  
should  b e  v a r y i n g  from low (0 )  s t a t e  t o  
h i g h  (1) s ta te .  A l l  of t h e  d i g i t  l i n e s  
(D1-4) should b e  checked s o  t h a t  t h e s e  
l i n e s  go h igh  a t  some p o i n t .  These s i g n a l s  
should a l s o  b e  p r e s e n t  a t  t h e  a p p r o p r i a t e  
I/0 p o r t  l i n e s  of U17.  I f  s i g n a l s  are n o t  
p r e s e n t ,  r e p l a c e  U21. I f  s i g n a l s  are p r e s e n t ,  
b u t  do n o t  appear  a t  U 1 7 ,  r e p l a c e  U12. 

h )  P i n  4 ,  6 ,  8 ,  11 of U18 A r e  l i n e s  t h a t  select  t h e  a p p r o p r i a t e  PROM. 
I f  n o t  p r e s e n t ,  check f o r  o p e r a t i o n  of U 1 8  
( 7 4 0 0 )  as d e s c r i b e d  i n  T a b l e  5 .1 ,  s i g n a l  c .  

i )  P i n  6 of U 7  Should b e  same a t  P i n  12 of U21. If s i g n a l  
n o t  p r e s e n t ,  check  in te rconnec t ions  on P.C. 
board.  

S i g n a l  pa ths  should a l s o  be  checked. If  s i g n a l s  are p r e s e n t  a t  s o u r c e  
components and n o t  a t  d e s t i n a t i o n  components, a p r i n t e d  c i r c u i t  board problem 
r e q u i r i n g  a r e p a i r  of t h e  p r i n t e d  c i r c u i t  f o i l  may b e  r e q u i r e d .  
checks between p o i n t s  w i l l  t u r n  up any unwanted open c i r c u i t s  i n  s i g n a l  p a t h s .  

I f  t h e  s i g n a l s  a t  t h e  component p i n s  o u t l i n e d  i n  Table  5 . 1  are p r e s e n t  and 
a problem s t i l l  ex is t s ,  check Table  5 .2  f o r  a l i s t  of problems and s o l u t i o n s  
f o r  t h e  instrument .  

Cont inui ty  







Table  5.2 

Problem S o l u t i o n  

1) Instrument  blows f u s e s .  Check f u s e  s i z e  and l i m i t s .  Make s u r e  
S 1  i s  se t  f o r  proper  l i n e  v o l t a g e .  Check 
f o r  any s h o r t s  between S2 and instrument  
case .  

2) Instrument  g e t s  ex- Check C7, and CR7-8 f o r  proper  ope ra t ion .  
c e s s i v e l y  ho t .  F a i l u r e  of t h e s e  components w i l l  r e s u l t  i n  

T X 1  warming up. Also check f o r  any s h o r t s  
between any of t h e  l e a d s  of TX1. 

3 )  A/D conver te r  d r i f t s .  Check pe r iod  of waveform b ,  Table  5.1.  I f  
pe r iod  i s  i n c o n s i s t e n t  (should be ~.8 s e c ) ,  
t h i s  w i l l  cause  A/D conve r t e r  t o  d r i f t .  
The re fo re ,  r e p l a c e  U20, and a l s o  check C30. 

4) Display seems t o  f l i c k e r .  Check f o r  any s h o r t s  between p i n s  2 and 3 
going t o  t h e  d i s p l a y  board.  

Check t o  make s u r e  +5 V and ground go t o  t h e  

on U 3  and U 5  are h igh  ( f o r  example, i f  100.0 
were d i a l e d  i n ,  t h e  only  l i n e  on would be 
t h e  most s i g n i f i c a n t  d i g i t ,  d i g i t  1). I f  
t h e  proper  l i n e s  are on and i t  does n o t  
respond,  check and see i f  t h e  c o n t r o l  s i g n a l  
is  p r e s e n t  (U6 of p i n  9 ) .  This  should be 
h igh  when c o n t r o l  i s  on. I f  s i g n a l  i s  p r e s e n t ,  
t hen  problem i s  i n  power board - probably U 4 0 .  
I f  s i g n a l  i s  s t i l l  n o t  t h e r e ,  t race c o n t r o l  
s i g n a l  back through U 1 9  t o  t h e  CPU (U17 
I/O p o r t  2 ) .  The d i s c o n t i n u i t y  of t h e  
s i g n a l  would b e  t h e  f a i l u r e  of e i t h e r  U 6 ,  
U19 o r  U17. 

5) Con t ro l l e r  does n o t  respond t o  
s e t  p o i n t  swi tches .  swi tches .  I f  s o ,  check t h a t  t h e  proper  l i n e s  

6) Power s t a y s  on all t h e  t i m e ,  Check U 4 4 .  I f  t h i s  power Dar l ing ton  is 
no ma t t e r  what set p o i n t  is. 

7) Cont ro l  does n o t  respond and 

bad ,  t h e  power w i l l  s t a y  h igh  a l l  t h e  t i m e .  

Problem could b e  i n  c o n t r o l  PROM U 1 4 .  
cond i t ions  5 and 6 check o u t .  
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Problem S o l u t i o n  

8) Display does n o t  correspond The A/D conve r t e r  (U21) could be  l o s i n g  
t o  curve  a t  o t h e r  p o i n t s  counts .  A l s o  PROM U 1 3  could be  bad. 
than  t h e  c a l i b r a t e d  p o i n t .  

Other s u b t l e  problems could occur  w i t h  t h e  DRC series of i n s t rumen t s .  
t h i s  s e c t i o n  w a s  no t  h e l p f u l  i n  r e s o l v i n g  t h e  problem wi th  t h e  f a u l t y  DRC, 
a f a c t o r y  r e p r e s e n t a t i v e  should b e  con tac t ed .  

If 



SECTION VI 

6.1 DRC Series Parts List and Schematics 

Table 6.1 
Model DRC -Series Circuit Board Components 

REF. LAKE SHORE 
DESG. DESCRIPTION PART NO. 

U1 Dual Retriggerable Monostable Multivibrator 74123 
U2-5 Quadruple 2-line to line Data 74157 

Selector/Multiplexers 

Flip-flops with Preset and Clear 
U7 Hex Inverter 74C14 
U8 Quadruple 2-Input Multiplexer, 8234 

U9-10 8-bit Parallel - Out Serial Shift Register 74164 
U11-12 Quadruple 2-Input Multiplexer, Inverting, 8234 

U13 2048-bit Prom (Temperature Determination 74571 

U14* 2048-bit Prom (Control Program stored) 745471 
U15 2048-bit Prom (Break Point Data stored) 745471 

U17 Central Processing Unit 3850 
U18 Quadruple 2-Input Positive - NAND Gates 7400 
u19 Hex Inverters 7404 
u20-21 Precision Pair for A-D Converters 8052A/ 7103A 
U22 10 uamp Constant Current Source 
U3 1 5-volt Positive Voltage Regulator 7805CT 
U32 12-volt Positive Voltage Regulator 7812CT 
U33 15-volt Positive Voltage Regulator 78 15CT 
U34 5-volt Positive Voltage Regulator 7805CT 
U35 -15 Volt Negative Voltage Regulator 7915CT 

15-Volt Positive Voltage Regulator 7815CT U36 
U40-41* Solid State Darlington Coupled Relay 4N33 
U43* PNP Silicon Switching Transistor 2N2907 
U44* 8 Ampere Darlington Power Transistor 2N6045 
U101 Hex Inverters 74 04 

U6 Dual D-type Positive-edge-triggered 7474 

Inverting, Open-collector 

Open-collector 

Program stored) 

U16 Memory Interface Unit 3853 

U102- 105 Seven Segment Indicator hp5082-7751 
U106-109 BCD-to-seven Segment LED Decoder/Driver 9374 

with Latch 
U110- 11 1 8-bit Parallel-Out Serial Shift Registers 74 164 
U2 01- 2 04 Quad Latch 14042 
U2 05 - 2 08 4-bit Presettable Up/Down Counter 4029 
U209 Quad 2-Input NAND Schmitt Trigger 14093 
U210 Dual D Flip-Flop 14013 
U211 BCD-to-Decimal Decoder 5042-2 
U212 Low Offset Monolithic JFET LF 355 -H 

Input Operational Amplifier 

* Components in DRC-7C/70C only 
40 



REF. LAKE SHORE 
DESG. DESCRIPTION PART NO. 

R 1  19.6 K ±1% ¼ W RN60C 
R 2  8.25 K ±1% 1 /8  W RN55C 
R3 33.2 K ±1% ¼ W RN60C 
R4- 11 10  K ±5% ¼ W 
R 1 2  5 K t r impot  ( cu r ren t  source  a d j u s t )  58PR5KSH HS 
R 1 2 A  487 1% ¼ W RN60C 
R13 1.82 K 1% ¼ W RN60D 
R14 5 K  1% ¼W PME6 0 19 
R15 200 K 1% 1 / 8  W RN55D 
R16 1 0 7  1% ¼ W RN60C 
R17 1 1 8 0  1% ¼ W RN60C 

R19 499 K 1% ¼ W RN60C 
R19A 36.5 K 1% ¼ W RN60C 
R2 0 5 K t r impot  (A/D Adjust)  58PR5KSH HS 

R18 301 K 1% 1 / 8  W RN55c 

R2 0A 1 4 6 . 9  1% 1/8 W RN55C 
R2 1 1 2 1  K 1% 1 / 8  W RN55c 

R101 3 1 6  1% 1 / 8  W RN55C 
R2 2 30.1 K 1% ¼ W RN60C 

R201 1 . 2 1 M  1% ¼ W RN60C 
R202 1 . 2 1 M  1% ¼ W RN60C 
R203 95 .3  K 1% ¼ W RN60C 

R205 5 6 0 0  1% ¼ W RN60C 
R206 Not p r e s e n t  RN60C 
R207 1 0 5 0  1% ¼ W RN60C 
R208 1 0  K ±.5% ¼ W 

R2  04 47.5 K 1% 1/8 W RN55C 

R209 10  K t r impot  ( s c a l e  a d j u s t )  3005P-D72-353 
R 2  10 35 K t r impot  ( o f f s e t  a d j u s t )  3005P-D72-103 

R25* 1 1 8  1% ¼ W RN60C 
R26* 4.87 K 1% ¼ W RN60B 
R27* 2 2 . 1  K 1% ¼ W 
R28* 3 3 0  1% ¼ W RN60C 
R29* 10 K Poten t iometer  (power a d j u s t )  CM4 3 05 5 

19-4924 

C1 470 MFD, 25  V ,  E l e c t r o l y t i c  
C2 470 MFD, 25 V ,  E l e c t r o l y t i c  
C3 .33 MFD, 100 V ,  Mylar 
C4 .33 MFD, 100 V ,  Mylar 
C5 .33 MFD, 100 V ,  Mylar 
C6 .33  MFD, 100 V,  Mylar 
C7 2700 MFD, 25 VDC, E l e c t r o l y t i c  
C8 .33 MFD, 100 V,  Mylar 
C9 .33 MFD, 100 V ,  Mylar 

* Components i n  DRC-7C/70C only 



REF. LAKE SHORE 
DESG. DESCRIPTION PART NO. 

C10 .1 MFD, 100 V, Mylar 
C11 .1 MFD, 100 V, Mylar 
C12 .1 MFD, 100 V, Mylar 
C13 .1 MFD, 100 V, Mylar 
C14 .1 MFD, 100 V, Mylar 
C15 .1 MFD, 100 V, Mylar 
C16 .1 MFD, 100 V, Mylar 
C17 .1 MFD, 100 V, Mylar 
C18 .1 MFD, 100 V, Mylar 
C19 .1 MFD, 100 V, Mylar 
C2 0 .1 MFD, 100 V, Mylar 
C2 1 .1 MFD, 100 V, Mylar 
C22 .1 MFD, 100 V, Mylar 
C23 .1 MFD, 100 V, Mylar 
C23 .1 MFD, 100 V, Mylar 
C25 .1 MFD, 100 V, Mylar 
C26 .1 MFD, 100 V, Mylar 
C27 .1 MFD, 100 V, Mylar 
C28 .1 MFD, 100 V, Mylar 
C28A .1 MFD, 100 V, Mylar 
C29 330 MFD, 100 V, Polypropylene 
C30 .33 MFD, 200 V, Polypropylene 
C31 .68 MFD, 100 V, Mylar 
C32 .68 MFD, 100 V, Mylar 
C33 1.5 MFD, 10 V, Tantalum 
C34 .68 MFD, 100 V, Mylar 
C35 .33 MFD, 200 V, Polypropylene 
C36 .033 MFD, 50 V, Polypropylene 
C36A 320 MFD, 100 V, Polypropylene 
C37 180 MFD, 100 V, Polypropylene 
C40* 470 MFD, 25 V, Electrolytic 
C4 1 1300 MFD, 50 VDC, Electrolytic 

C101 Nominal Value, may not be present 
C102 Nominal Value, may not be present 
C103 Nominal Value, may not be present 
C104 3.3 MFD, 25 V, Tantalum 
C105 Nominal Value, may not be present 
C106 Nominal Value, may not be present 

C201 3.3 MFD, 25 V, Tantalum 
C2 02 100 PFD, 50 V, Mica 
C203 .22 MFD, 100 V, Polypropylene 
C204 .22 MFD, 100 V, Polypropylene 
C205 .01 MFD, 50 V, Mylar 
C206 1.5 MFD, 10 V, Tantalum 

* Components in DRC-7C/70C only 



REF. LAKE SHORE 
DESG. DESCRIPTION PART NO. 

CR1-4 S i l i c o n  Diode, 100 V,  1 A  I N  4001 
CR5 - 6 S i l i c o n  Diode, 100 V ,  1A I N  4001 
CR7 - 8 S i l i c o n  Diode, 100 V,  3A MR 501 
CR9- 1 2  S i l i c o n  Diode, 100 V ,  1 A  I N  4001 
CR15-16 S i l i c o n  Diode 
CR2 0-23* S i l i c o n  Diode, 100 V ,  3A MR 501 
CR201 P r e c i s i o n  Reference Diode, 6 . 9  V LM 229A 

FU 1 Fuse Holder,  3/4A, 250 V ,  Fuse L i t t  l e f u s e  
FU2* Fuse Holder ,  1A, 250 V,  Fuse L i t t l e f u s e  

J1 40 p i n ,  3M connector  ( f o r  BCD In/Out 
Option) 

J2 5 p i n ,  Sensor  Socket ,  Amphenol 
J3 3 p i n ,  Monitor Socket 
J4* Heater  Binding Pos t  
J5  * Heater Binding Pos t  (ground) 

S1 115/230 VAC S e l e c t o r  Switch 
S2 Hi/Lo Power S e l e c t o r  Switch 
S3* Hi/Lo Power S e l e c t o r  Switch 

* Components i n  DRC-7C/70C on ly  






















































