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INTRODUCTION 

A device has been fabr icated to produce l i n e a r , lov; noise copies of 
analog waveforms fo r such appl icat ions as scan conversion, signal averag : 

i n g , and s l i d i ng window funct ions. This Repl icat ing Memory uses a f l o a t i n g 
gate sensor combined wi th a f i l l and s p i l l input to perform rep l i ca t i on of 
charge packets in a CCD ser ia l s h i f t reg is te r . Device measurements have 
demonstrated the f e a s i b i l i t y of using th i s type of charge rep l i ca t i on tech­
niques fo r a wide range of signal processing funct ions. 

DEVICE DESCRIPTION 

The Repl icat ing Memory is a device v/hich combines the analog data 
storage capab i l i t y of CCDs, wi th the a b i l i t y to read them non-dest ruct ive ly . 
The device consists of two independently clocked 128 stage registers which 
are interconnected by a charge rep l i ca to r c i r c u i t as shown in f igure 1. 
During device operat ion, analog data is clocked in to the A reg is te r and 
stored there fo r regeneration in to the B reg i s te r . This non-destructive 
readout can be repeated as long as the data in the A reg is ter remains v a l i d . 
The output of the B reg is te r is the contents of the A reg is te r concatenated 
upon i t s e l f at the clock frequency of the B reg is te r . 
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FIGURE 1: CCD SIGNAL REPLICATOR BLOCK DIAGRAM 

*Honeywel1 Systems & Research Center, Mpls . , MN 55413, USA 

156. 



The device is designed wi th a conventional f i l l and s p i l l input s t ruc­
ture on both the A and B reg is te rs . The B input is used fo r tes t and f a t 
zero i n j e c t i o n . Both registers have a f l oa t i ng d i f f us ion output s t ruc ture 
wi th two DC screens f o r clock i s o l a t i o n . One stage of the charge rep l i ca ­
to r c i r c u i t i s shown in f igure 2. The A reg is te r operates much the same 
as a f l oa t i ng gate transversal f i l t e r , wi th 0 C used to reset the f l o a t i n g 
gate Lo the quiescent value V c . This condi t ion is shown at T l in f igures 
3 and 4. The 0 S d i f f us ion is also pulsed negative at th is time to f i l l 
the f i l l and s p i l l s t ructure of the charge rep l i ca to r . On the f a l l i n g edge 
of 02A signal electrons are clocked to the f l oa t i ng gate in the A reg is te r 
and the resu l t ing voltage change causes electrons to s p i l l out of the f i l l 
and s p i l l c i r c u i t . The charge rep l i ca t i on process is therefore i nve r t i ng . 
Although a non- invert ing s t ructure could be b u i l t by f l oa t i ng the f i r s t 
gate in the f i l l and s p i l l s t ruc ture instead of the t h i r d , t h i s would re ­
su l t in considerably more clock feed-through. 

FIGURE 2: CIRCUIT SCHEMATIC DIAGRAM 

The f i l l and s p i l l c i r c u i t in the rep l i ca to r has been designed wi th 
three gates rather than two so the reference and input ( f l oa t i ng ) gates 
are on the same poly l e ve l . This technique minimizes the f ixed pat tern 
noise generation due to threshold var ia t ions since the thresholds on a 
single level of poly can be very wel l con t ro l l ed . The gate between the 
two poly 1 gates is biased at a high postive potent ia l so i t acts only as 
a storage wel 1. 
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FIGURE 3; PROCESSOR TIMING DIAGRAM 

" 1 A '•'Ik 3h 

rr 

TRANSFER C IRCUIT ] 9 f lEGISTt f l 

FIGURE 4 : CHARGE TRANSFER SEQUENCE 
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EXPERIMENTAL RESULTS 

The Rep l i ca t i ng Memory was f a b r i c a t e d at the Honeywell S o l i d State 
E lec t r on i cs Center using a double poly NMOS process. A photograph of the 
device i s shown in f i g u r e 5. 
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FIGURE 5: PHOTOMICROGRAPH OF CHARGE REPLICATOR 

To t e s t the device a f i x t u r e v/as f a b r i c a t e d which would c lock the B 
r e g i s t e r cont inuous ly wh i le c l ock i ng the A r e g i s t e r i n a t i n t e r v a l s which 
were synchronized t o the B r e g i s t e r . The output c i r c u i t s on each r e g i s t e r 
were observed and the r e s u l t i n g waveforms are shown i n f i g u r e 6. The inpu t 
waveform was regenerated 16 t imes in t h i s case w i t h no s i g n i f i c a n t degrada­
t i o n w i t h t ime . A blow up of one of the edges o f the t r i a n g l e waveform out 
of the B r e g i s t e r i s shown in f i g u r e 7. The l i n e a r i t y of t h i s curve i s be t ­
t e r than 1% bu t i s d i f f i c u l t to measure because of the f i x e d p a t t e r n noise 
created by the r e p l i c a t i o n process. 

One of the prime measures of the u t i l i t y of the Rep l i ca t i ng Memory i s 
the u n i f o r m i t y o f the r e p l i c a t i o n process. Figure 8 i s an expanded view of 
the ou tpu t o f the B r e g i s t e r o f the device w i th a DC inpu t t o the A r e g i s t e r 
being r e p l i c a t e d . I t was expected t h a t the main cause of t h i s nonun i fo rm i t y 
would be t h resho ld v a r i a t i o n on the p a r a l l e l f i l l and s p i l l i n p u t s . From 
f i g u r e 8 , we see t h a t the f i x e d p a t t e r n noise cons is ts of a random d i s t r i ­
bu t i on of o f f s e t s along w i t h a l a r g e r o f f s e t appearing a t the f i r s t 7 ou t ­
put b i t s . A r e l a t i v e l y good c o r r e l a t i o n e x i s t s between the random d i s t r i ­
bu t i on and the CCD th resho ld v a r i a t i o n s , but i t i s f e l t t h a t the l a r g e r 
o f f s e t s f r a n the f i r s t 7 output b i t s i s design r e l a t e d s ince the same 
c h a r a c t e r i s t i c s appeared on a l l . t h e devices t e s t e d . 

At the present t i m e , the Rep l i ca t i ng Memory dynamic range ( l i m i t e d 
by the f i x e d pa t t e rn noise) i s 43db. The dev ice , however, can be opera­
ted i n a se l f -compensat ing mode by i n i t i a l l y i n j e c t i n g a uni form ar ray 
charge packet i n t o the A r e g i s t e r i npu t and combining the i n v e r t e d f i x e d 
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FIGURE 6 : CHARGE REPLICATOR PERFORMANCE CHARACTERISTICS 

FIGURE 7: DETAIL OF A TRIANGLE WAVE 
OUTPUT FROM THE B OUTPUT REGISTER 
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FIGURE 8: DETAIL OF DEVICE NONUNIFORMITIES FOR A 
UNIFORM INPUT SIGNAL 

CONCLUSIONS 

A CCD device v/hich w i l l accurately and nondestructively reproduce seg 
ments of analog waveforms has been fabr icated and characterized. The 
measured performance character is t ics of th is device demonstrates the feasi 
b i l i t y of the use of th is unique structure fo r a large number of signal 
processing appl icat ions. 
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