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ABSTRACT 

A common and persistent problem in modern instrumentation is the 

observation and recording of small signal waveforms that are removed 

from ground by very high voltages. Examples of this are the instrumen- 

tation of neutral particle injectors used in controlled thermonuclear 

research and the construction of safety breaks for air core toroidal 

devices. 

To overcome this problem a very high voltage isolation amplifier 

was designed. It employs analog-to-digital conversion with serial data 

transmission on a fiber optic cable. 
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AN OPTICALLY COUPLED HIGH VOLTAGE ISOLATION AMPLIFIER* 

James W. Pearce 

1. INTKODUC1l'1ON 

A common and p e r s i s t e n t , p r o b l e m  i n  modern ins t rumenta t ion  i s  the  

obse rva t ion  and r eco rd ing  of small s i g n a l  waveforms t h a t  a r e  removed 

from ground by v e r y  h i g h  vo l t ages .  Examples of t h i s  a r e  t he  instrumen- 

t a t i o n  of n e u t r a l  p a r t i c l e  i n j e c t o r s  used i n  c o n t r o l l e d  thermonuclear 

r e s e a r c h  and t h e  c o n s t r u c t i o n  of s a f e t y  breaks  f o r  a i r - co re  t o r o i d a l  

dev ices .  

A technique used a t  t h e  p re sen t  time i s  a f l o a t i n g  osc i l l o scope  

t h a t  i s  remotely viewed o r  photographed. This  technique has obvious 

d isadvantages  i n  t h e  a r e a s  of s a f e t y  and convenience. 

To overcome these  problems, a very  h igh  v o l t a g e  i s o l a t i o n  a m p l i f i e r  

w a s  designed.  It employs ana log- to-d ig i ta l  conversion wi th  s e r i a l  d a t a  

t r ansmis s ion  on a f i b e r  o p t i c  cab le .  A s i m i l a r  system1 designed a t  Oak 

Ridge Nat iona l  Labora tory  (ORNL) uses  voltage-to-frequency (VF) con- 

v e r s i o n  and o p t i c a l  t ransmiss ion  b u t  s u f f e r s  from a common problem wi th  

VF conve r t e r s .  The response time i s  a func t ion  of s i g n a l  l e v e l .  For 

ve ry  s lowly  changing s i g n a l s  t h i s  does n o t  pose a g r e a t  l i m i t a t i o n  b u t  

f o r  pulsed s i g n a l s ,  such a s  those  encountered i n  tokamak devices ,  a 

uniform response t i m e  i s  h i g h l y  d e s i r a b l e .  



2. DESIGN SPECIFICATIONS 

A system was required that would isolate a 0-10-V signal super- 

imposed on a 150-kV dc voltage. Power for the system was available at 

the high voltage level through isolation transformers. The isolation 

amplifier was to have unity gain and a sample rate of four points per 

nlillisecond. In one application the output was going to be fed to a 

computerized data acquisition system that had a sample rate of two 

points per millisecond. A resolution of 1 part in 256, i.e., 8 bits, 

was considered acceptable. The linearity was to be at least as good as 

the resolution. 

3. CIRCUIT DESCRIPTION 

The system designed to meet the above specifications consists of a 

signal processing amplifier and transmitter that float at the high 

voltage level, a receiver that is at ground potential, and a fiber optic 

cable connecting them. 

Figure 1 is a schematic diagram of the transmitter with its gain 

s e t l l n g  preamplifier Al. The transmitter consists of an 8-bit analog- 

to-digital converter (ADC), a Universal Asynchronous ~eceiver/Transmitter 

(UART), and some timing logic. The ADC's parallel digital output is 

connected to the Transmit Buffer Register (TBR) inputs of the UART. The 

UART converts these data to a serial form and adds start and stop bits 

that are recognized by the receiver. The UART is the speed limiting 

device in the system, and the one used here is a state-of-the-art com- 

plementary metal-oxide-semiconductor (CMOS) device. A characteristic of 



CMOS dev ices  i s  t h a t  t h e i r  maximum ope ra t ing  speed inc reases  with.power 

supply  v o l t a g e .  Th i s  dev ice  has  a maximum c lock  frequency of 6.4 MHz 

when opera ted  a t  10  V.  S ince  each b i t  r e q u i r e s  16 c lock  pu l se s  t h e  

throughput  r a t e  i s  approximately 40 kHz, which exceeds the  base  requi re -  

ment by a f a c t o r  of t e n .  However, i f  b e t t e r  than 0.5% r e s o l u t i o n  were 

r e q u i r e d ,  a major speed s a c r i f i c e  would have t o  be  made. 

An LC o s c i l l a t o r  is  used a s  t he  c lock  f o r  t h e  UART. High frequency 

s t a b i l i t y  i s  n o t  necessary  due t o  the c h a s a c t e r i u t i c s  of t h e  UAKT; t h e  

trans~uiLLrr. and r e c e i v e r  c locks  need t o  be  w i t h i n  only a few percexit of 

t h c  same f requeucy . 
The t r a n s m i t t e r  is  assured  of running a t  i t s  maximum speed through 

t h e  usc  of a t iming c i r c u i t  made up of two monostable m u l t i v i b r a t o r s  

(U2A and U2B). One of them (U2B) i s s u e s  a convert  command t o  t h e  ADC 

when t h e  TBR of t h e  UART i s  emptied. The o the r  (U2A) i s s u e s  a TBR l o a d  

command t o  t he  UART when t h e  ADC has  completed i t s  conversion.  I n  t h i s  

way they  form a r i n g  o s c i l l a t o r .  42 and i t s  a s soc i a t ed  components form 

a power-on r e s e t  t o  i n s u r e  o s c i l l a t i o n  when power is  app l i ed .  

The output  of t h e  UART i s  connected t o  an emi t te r - fo l lower  t ran-  

s i s t o r  t h a t  d r i v e s  a Motorola MLED930 i n f r a r e d  l i gh t - emi t t i ng  d iode .  

F lgu re  2 I s  a schema ti.^ diagram of t h e  r e c e i v e r ,  which ope ra t e s  i n  

a manner s i m i l a r  t o  t h e  t r a n s m i t t e r .  A PIN3D diode manufactured by 

Un ive r sa l  Detec tor  Technology i s  used a s  t h e  p h o t o d ~ t ~ c t o r .  A f t e r  

a m p l i f i c a t i o n  and shaping t h e  rece ived  d a t a  a r e  fed  t o  t h e  r e c e i v e r  

s e c t i o n  of a UART where they  a r e  converted t o  p a r a l l e l  form. A d i g i t a l -  

to-analog conve r t e r  r econve r t s  t h i s  d i g i t a l  word back t o  an analog 



s i g n a l .  No t iming l o g i c  i s  necessary  i n  t h e  r ece ive r  a s  t h e  UART's  

ou tput  d a t a  remain v a l i d  u n t i l  a complete new word i s  rece ived .  

The f i b e r  o p t i c  cab le  used t o  connect t h e  t r a n s m i t t e r  and r e c e i v e r  

i s  a m u l t i f i b e r  bundle (Corning 5013). It has  a . h i g h  numerical a p e r t u r e  

which a s s u r e s  n o n c r i t i c a l  coupl ing.  Its moderately high a t t e n u a t i o n  was 

n o t  a problem s i n c e  s h o r t  l eng ths  (<20 m) were used. BNC connec tors ,  

modif i e d l  a s  shown i n  F ig .  3 ,  were used t o  connect the '  f i b e r  o p t i c s  t o  

the  t r a n s m i t t e r  and r e c e i v e r .  

4 .  SYSTEM PERFORMANCE 

The system described above was cons t ruc ted ,  t e s t e d ,  and found t o  

meet o r  exceed a l l  des ign  s p e c i f i c a t i o n s .  Its ga in  can be v a r i e d  t o  a 

accommodate s i g n a l  ranges o t h e r  than  0-10 V ,  and i t s  o f f s e t  adjustment . 

a l lows  the  system t o  handle b i p o l a r  s i g n a l s .  Transmissions along 

l eng ths  of f i b e r  o p t i c  cab le  up t o  10 m have been e n t i r e l y  e r r o r  f r e e .  

Worst c a s e  n o n l i n e a r i t y  f o r  t h e  system i s  112 Leas t  S i g n i f i c a n t  B i t  

(LSB) f o r  t h e  ADC and 112 LSB f o r  t h e  DAC o r  1 LSB o v e r a l l .  System 

performance i s  shown i n  F igs .  4 and 5. This  i s o l a t i o n  a m p l i f i e r  has  

proven i t s e l f  t o  be q u i t e  u s e f u l  and could f i n d  a p p l i c a t i o n  wherever 

i s o l a t e d  grounding i s  requi red .  

The au thor  would l i k e  t o  thank G .  R .  Dyer, who suggested us ing  t h e  

UART, and P .  H .  Edmonds, whose a s s i s t a n c e  was inva luab le .  
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Fig. 1. Transmitter schematic diagram. 



Fig. 2. Receiver schematic diagram. 



Fig. 3 .  BNC connectors modified for  f iber  opt ics .  



~ i g .  4. Oscillogram of input (bottom) and output (top) waveforms. 

Fig. 5. Enlarged oscillogram of input and output waveforms. 
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