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1 ' . CCD CHARCE SPLITTER 2

Field of the Invention 3 The field of: the invention relates
to charge coupled 4 devices and in particul ar to charge splitters

I mpl ementing a Wogeses0 1 binary split. 6 PCT/US96/1279S
Backar ound of the Invention 7 : Char ge coupled devi ces (CCDs)
(e.g., photodetectors, 8 analog to digitgIe converters, signal
processors, etc.) are known. 9 Such devitds are used for acconpl i shi ng
charge domai n operations 10 such as charge packet transfer, sunmation
and splitting. CCDB 11 are useful in certain signal processing
operations such as 12 decodi ng of radio frequency signals. For exanple,
charge domain 13 filters have been constructed which provide finite

I mpul se 14 response (FIR) filtering or infinite inpul se response

fl ter.l n%. CCD CHARGE SPLITTER

2 _ Field of the Invention
3 The field of the invention relates to charge coupled
4 devices and in particular to charge splitters implementing a 2
5 to 1 binary split.
6 Background of the Invention .
7 Charge coupled devices (CCDs) (e.g., photodetectors,
8 analog to digital converters, signal processors, etc.) are known.
9 Such devices are used for accomplishing charge domain operations
10 - such as charge packet transfer, summation, and splitting. CCDs
11 are useful in certain signal processing operations such as
12 decoding of radio frequency signals. For example, charge domain
13 filters have been constructed which p:rov:.de finite " impulse
14 response (FIR) filtering or 1nf1n1te 1mpulse response filtering
15 (IIR) filtering, often from within a single CCD device at very
16 low rates of power consumption.
17 - Charge domain analog to digital (A/D) converters are
i8 further examples of CCD devices that process signals in the
19 charge domain. Charge domain A/D converters, in fact, are often
20 used in conjunction with charge domain FIR or IIR filtering
21 devices because signals received by a radio frequency receiver
22 in the frequency domain are often more efficiently processed in
23 the charge domain before conversion to the digital domain withih
24 the charge domain A/D converter.
25 One of the listed charge domain operationé, charge
* 26 splitting, is of critical importance in charge domain analog to

27 digital (A/D) or digital analog (D/A) converters in that it is
* 28 used to implement fractional multiplication by binary weighting
29 . (i.e., ¥) and therefore is one of the fundamental operations in
30 A/D and D/A converters. Charge splitting, as a consequence,
31 determines conversion accuracy, and therefore the converter




15 (IR filtering, often fromwithin a single CCD device at very 16

| ow rates of power consunption. 17 Charge domain analog to
digital (AD) converters are 18 further exanples of CCD devices that
process signals in the 19 - charge domain. Charge domain A/ D converters,

in fact, are of ty, used in conjunction with charge domai n gehitis8kndhR
filtering 21 deV| cesf‘%ecause signals received by a radio frequency
recei ver 22 in the frequency domain are often nore efficiently processed

in 23 t he charge domain before conversion” 20 the digital domain within 24
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response (11R) filter been este

splitti n"go may qharge packet in the charge channel pass:.ng the barr:.er is
11 uniform and reproducible. The suggestion is also based upon the
12 assumption that the barrier can be accurately located within the
i3 charge channel and that the divided charges may then be later
14 removed from the isolated reservoirs without recombining the
is previously divided charge.
16 ' . Charge splitting error produced under the previously
17 suggested methods have ranged from as high as a few percent to
is as little as a few tenths of a percent. Efforts aimed at
s improving accuracy have included increasing the width of the
20 charge channel (to reduce the impact of an inaccurately placed
21 charge splitter) and placing dummy splitters in the charge
22 channel to compensate for nonlinearities caused by edge effects
23 and to equalize lateral forces applied to charge carriers.
24 Because of the importance of charge splitting in CCDs, a need
25 exists for a method of improving the accuracy of charge splitting
26 that is not dependent upon process parameters used in creating

27 the CCDs.

28 ' - Summary of the Invention

29 It is an object of the invention to provide a charge
30  splitter that divides a charge packet into two equal charge
31 packets with improved accuracy over the prior art.

32 It is a further object of the invention to provide .a
33 charge splitter that can be used in an iterative mode to achieve

34 varying levels of improved accuracy.




6 acconplished by creating a field oxide barrier in a charge 7

transfer channel and cl ocking a charge packet into adjacent but 8
Isolated reservoirs separated by the barrier. Such a suggestion 9 S
based upon the assunption that charge distribution of the 10 char ge
packet in the okengessehrannel passing the barrier is 11 uni f BCRUSHGEAL2795
reproduci bl e. The suggestion is al so based upon the 12 - -assunption that
the barrier can be accurately |located within the 13 charge channel and
that the divided charges may then be later "14 renpved fromthe isolated
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14 sixth component and the fourth and fifth components.
15 - Description of the Drawinas
16 ' FIG. 1 deplcts a prlor art charge splltter and charge
17 transfer gates;
i8 FIG. 2 deplcts a prior art charge transfer gate;
19 FIG. 3 is a time line diagram of charge transfer using
20 a four-phase clock;
21 FIG. 4 depicts a charge Spllttlng system in accordance
22 with an embodiment of the invention; _
23 FIG. 5 depicts a specific charge transfer system for
24 the charge splitting system of FIG. 4;
25 FIG. 6 depicts a particular type of charge transfer and
26 combining gate of FIG. 5;
27 FIG. 7 depicts a sequence of charge transfer states of
28 the apparatus of FIG. 5; and
29 FIG. 8 is an alternate charge transfer system for the

30 warge splitting system of FIG. 4.
31 _ Bri Description ¢ £ dimen

¢ 32 " Under an embodiment of the invention, accurate charge
33 splitting is accomplished through an iterative charge splitting
34 process involving at least one charge splitter and a series of

35 charge transfer gates. To aid the reader in his understanding
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-3- 1 It is a further object of the invention to provide a
2 charge splitter that can continuously process charge node .3

si gnal s. 4 These and ot-her objects are provided by an _
appar at us 5 hod of equalizing a first and second c e
6pp appar at us iﬁ@?gﬂ% a charge splitter for splitting the firgﬁﬁﬂﬁw?ngp
charge packet into a third charge conponent on the first side ‘of 8 t he
charge spliitter and into a fourth charge cotfbonent on the . 9 second

si de of fhe char SO T a [ | i
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art charge tran ferd%fteh 194 . FI a,ls a time I'ine diagram
of chargé traf8r&P ng® 2c5§rdages, with,An embegiment 5¢f the invention.
FI G 4 d8pi ct Ynderhdhge emppddinent,syst eharge aspbitierel0 i22compiribednof a

enbodi megt Of chBegkNpAik@ing barrier gate 12, a splitter receiving well 14

10 and a field oxide charge-splitting barrier mechanism 16. (The
11 charge splitter 10 could also be fabricated through the use of
12 an overlapped polysilicon gate.) The charge transfer gates 20
13 may have a similar structure from one gate to the next and may
14 rely on a connection to a multi-phase (e.g., a 4-phase) clock for
15 proper operation.

16 FIG. 2 is a cross-section of a particular type of
17 transfer channel (i.e., an interline charge transfer channel) of
18 transfer gates 20 that may be used under the embodiment in
1s conjunction with the charge splitter 10. Under the embodiment,
20 the charge transfer channel (i.e., gates 20) and the charge
21 splitter 10 may be is fabricated using conventional CCD
22 technology. The CCD backside substrate 30 may be comprised of
23 a single carrier-type semiconductor material, such as P-typé
24 crystalline silicon having a resistivity in the range of 0.01 to
25 0.02 ohm-centimeter (Q-cm). A P-type epitaxial layer 32 may be
26 grown on the heavily-doped backside substrate 30. The epitaxial
27 layer 32 may have a resistivity in the range of from 30-40 Q-cm.
28 Both the backside substrate 30 and the epitaxial layer 32 will
_29 be generally referred to as the substrate.

30 A buried channel implant 34, formed by diffusing a
31 light doping of an opposite carrier-type material (shown as N-)
32 into the (P-type) silicon substrate, extends below the surface
33 of the semiconductor. A threshold adjust implant 36 is formed
34 by diffusing a light doping of the same type (P-type) material
35 (shown as P-) into the substrate after the buried channel implant
36 34 has been formed. A silicon-dioxide dielectric layer 38 is

37 then grown on the semiconductor surface before the CCD




23 FIG 5 depicts a specific charge transfer systemfor 24

the charge splitting systemof FIG 4, 25 FIG 6 depicts a
particular type of charge transfer and 26 conbi ning gate of FIG 5;

27 FIG 7 depicts a sequence of charge transfer states of

28 the apparatweonbesi3 G 5; and 29 FIG 8 is BEUI/USK6HRTIAL €
charge transfer systemfor the 30 charge splitting systemof FIG 4.
31 Brief Description of a Preferged Enbodi nent * 32
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9 defining the barrier 16 before the implant 34 occurs. Placing
10 the field oxide barrier over the epitaxial layer 32 results in
11 a longitudinal separation (i.e., the field oxide barrier 16) in
12 the charge transfer channel.

13 , The polysilicon'g_ates of the charge splitter 10 is also
14 longitudinally divided to provide an A and B clock connections.
15 The A and B clock c_onnections allow charge packets on each side
16 A, B of the barrier 16 to be independently controlled.

17 .Charge transfer within the. gates 20 of the charge
18 transfer channel occurs under control of the multi-phase clock.
19 - Where unidirectional charge transfer is required by the process,
20 a two-phase clock @,, @, as shown in FIG. 2 may be used. Where
21 bidirectional charge transfer is necessary a four-phase clock
22 would typically be used. :
23 For the charge transfer channel 20 of FIG. 2 a two-

24 phase clock would typically be used. When a first phase e, is
25 high +V, a charge packet Q (entering the channel 20 from the
26 left) is attracted to and held in a first potential well 31 under
27 the first gate 30. On the next clock pulse, the first clock
28 signal e, goes low 0V and the second clock phase @, goes high +V.
29 The charge packet Q, in response, flows to the next potential
30 well 33 under a next gate 22 and so on from left to right in FIG.
31 2, or from top to bottom in FIG. 1.

T e 32 FIG. 3 is a time-line diagram of a'four-phase charge
33 transfer channel. Using a four-phase clock, the adjacent clock
« 34 connections of FIG. 2 would be interconnected as shown in FIGS.

35 3b-3e with a four-phase clock and clocked with the signals shown

36 in FIG. 3a. The threshold implant 36 is also not present with
37 four-phase clocking.




8 Under the enbodinment, a charge splitter 10 is conprised of a 9

charge splitting barrier gate 12, a splitter receiving well 14 10 and a
field oxi de charge-splitting barrier mechanism 16. (The 11 char ge
splitter 10 could al so be fabricated through the use of 12 an
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16 charge transfer gate 20. Where either clock signal @, ©p is
17 held at a high level any charge entering the charge splitter 10
18 will be held on that side A, B of the charge splitter 10.
19 Where a four-phase clock is used, a charge transfer
20 gate 20 will be assumed to be made up of gates 22, 24, 26, 28
21 with the first phase @, connected to the first gate 22, the

22 second phase @, connected to the second gate 24, and so on. If

23 a two phase clock were used, gates 22 and 24 would make up a

| -24 first charge transfer gate 20 and gates 26 and 28 would make up
i 25 a second gate 20.

| 26 Due to mutual charge repulsion, the charge will be

27 uniformly distributed throughout the input gate 28. The charge
28 Q is held within the transfer gate 28 by the high state of the
29 gate’s clock signal.
30 At the appropriate instant, the gate signals ¢,, @, of
31 the charge splitter 10 are both activated (while the gate signal
‘ 32 of the input gate 28 is deactivated) to draw the charge Q from
: 33 . the input gate 28 into the charge splitter 10. Because of the
34 characteristics of the splitter 10, part of the charge determined
35 by the splitting ratio (e.g., Q,=1/3) will reside in the A-well
36 and the remainder (e.g., Q=2/3) will reside in the B-well. '
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polysilicon gates 22, 24, 26, 28, 30 are applied. Finally, 2

et al i zation (not shown) for the clock lines is applied and 3 connect ed

to the polysilicon gates via contacts as is well known 4 in the art. 5

The charge spli tywewrdésssrey be fabricated in a simlar 6 mManNaRCTAISIEN2795 Or

the addition of the charge splitting barrier 7 16 and netalization. The

barrier 16 is fabricated by depositing 8 a field oxide barrier over the

epitaxial layer 32 in the area 9 defining the barrier 16 before the
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phase e]_is
. 11

the first split produces charge components A and B. The result
12 of the second charge split (first eplitting A and then B and
13  combining) is AD+BC and AC+BD. The result of the third charge
14 Spllt is E(AC+BD)+F (AD+BC) and F(AC+BD)+E(AD+BC).

15 Where iterative charge splitting is used (i.e., using
16 a single charge splitter have a splitting ratio of A:B) the
17 pipelined result can be simplified to a third charge split result
18 of A{AA+BB)+B (AB+BA) and B(AA+BB)+A(AB+BA), since A=C=E and
19 B=D=F. o R '

20 Turning now to FIG. 4 a simplified charge splitter

21 system 50 is shown in accordance with an embodiment of the
22 invention. The charge splitter system 50 includes a charge
23 splitter 10, an input transfer gate 52 and an output transfer
24 gate S54. The charge splitter 10 is assumed to have some unequal
25 splitting ratio A:B (e.g., 1:2) that is characteristic of the
26 splitter’s fabrication. This charge splitter 10 is intended to
27 divide an input charge packet into two equal size output packets,
28 but in practice the splitting ratio of an individual splitter 10
29 will depart from the desired 1:1 ratio by a small amount that is
30 characteristic of the splittexr’s fabrication. The splitter 50
31 is assumed' to receive an input charge Q and to output two charge

« 32 packets Q, and Qz. The splitter 10 of FIG. 4 is assumed to be
33 the same as the splitter 10 of FIG. 1 except that the splitter

v 34 10 of FIG. 4 may be assumed to have a _splitter barrier gate 12
35 on each side of the splitter receiving well 14.
36 For the sake of simplicity, the charge Q will be

37 assumed to have an idealized value of 1 and that the sum of the




25 high +V, a charge packet Q (entering the channel 20 fromthe 26 _
left) is attracted to and held in a first potential well 31 under 27 the
first gate 30. On the next clock pulse, the first clock 28 signal 01
goes | ow OV and the second cl ock phase 02 goes high +V. 29 The charge
packet Q in resgons lows to the next potential 30 well 33pdPEsvs/ 12705
next gate 22 and soO on romleft toright in FIG 31 2, or fromtop to
bottomin FIG 1. 32 FIG 3 is atinme-line diagramof a
four-phase charge 33 transfer channel. Us?ng a four-phase cl ock, the

adj acent Iock 34 connect s_of Fl i.nter ected ,as shqQwn
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ratio wn.ll be exaggerated (e.g., A...1/3 B-2/3) 1nstead of ideal

novenent
11 (i.e., A=B=¥). Table I shows results of charge splitting under
12 the embodiment. On the left side is shown the iteration number.
13 The right side shows the error of each successive iteration under
14 the embodiment.
15 Under the embodiment, the charge packet Q is
16 transferred into the charge splitter system 50 from the left into

17 the charge transfer gate 52. The gate signals @,, e, are both
18 activated to draw the charge Q from the input gate 52 into the
19 charge splitter 10. _ :

20 On the next clock cycle, the charge in the A-well 56

21 (i.e., Q) is clocked into the next charge transfer gate 54 while
22 the other charge (i.e., Q) remaining in the B-well 58. (Q, is

23 clocked out of the A-well by causing the clock signal e, to go
24 high while the clock signal ¢, of the A-well is caused to go low.

25 Q) may then be retained in another transfer gate (not shown in
26 FIG. 4) for subsequent iterative splitting operations.
27 The Q, charge held in the B-well 58 is retained in the

28 B-well by maintaining the clock signal @, high on that side of
29  the splitter 10. During a subsequent clock.-cycle, the charge Q,

30 in the B-well is shifted out on the next iterative cycle.

31 . As shown in Table I and at the end of the first
32 splitting operation, Q, has a wvalue eizual to A (which for the
33 example given, equals 1/3). @z has a value equal to B (i.e.,
34 2/3). The error (since the goal is a 50-50 split) is 17%.

35 During a second iterative cycle the two charge packets
36 Qar Qg are again divided. The results are then added to reduce

37 the overall error.




10 of the charge packet 42 could be changed at any tinme by a 11

reversal of the phasing of the clock signals 01-04- 12 Each
side A. B of the charge splitter 10 of FIG 1 has 13 an i ndependent |y
controll able clock input signal OA 03- \Were 14 OA'" 0B are clocked
together (W th weemese nmagni tude and phase) 15 - the splitterprC¥duseent®s s
substantially the same as any other 16 charge transfer gate 20. \Were
either clock signal OA- OB is 17 hel d at hi gh | evel any charge

enterlngthe charge splitter 10 18 vviII e held on that side A, B of the
charge splitter 10 19The f:.rst cha FackdtoW, - ﬁéﬂ?é&: 'x%ﬂéi%d E{:o as
charge transfer g be assu d to gat 22,

24, 26, 28 2fA ’V\H’ha gig FP%%F b‘ha%es% °R‘Féjaﬁ Loz g’Fe

the 22 3 secofd yiiade @ desnetaxakcter il slacomull'gzpbym thel fcnrsn cHafrge
23 atyo ph?%%lé'toﬁkbi’)’eéﬁe u&?&'sﬂ.@tﬁn%%ﬁﬂﬂo@%"‘%"éb Braude %woz‘émaller

first charge nsfer gﬁte 20_and tes

second gate 26hargs packets AA apg rﬁ&f‘&iﬁr&P{aFgg F%ﬁﬂ’r‘é Sll‘fgr@f"lep%ﬁ]é?ﬁegs
will be Q? (e xfedmadfy eati mfelmteédtbhaeugabm ishepildaputingat €¢hi®d sPldtting

char ge Qgearagtﬁ% %&ﬂggpﬂ‘@atﬂfe%eéw&aétﬁ&%;% £BE s B9t S I @é%t:%

29 gatesc opriate insta
gate sigrals GRaldex phagge PagketfapBeand| BBy r 10 are both activated

(\fll\’hl | ﬁ t e ga]'E e signal %he ARnfchdwge Hadkedabe QBeléeéiﬁm:tslelﬁItmihé @pdra¥ion
the chary 10 u t |

Because o the 3%]d§§gh%éa ée%?s%?%gégfg%%ﬂ& %Ift Pgergﬁ%’g& s;ﬂt ét}ﬁ{gne (‘:ahrat-'lébn
det er ni fidd 35 to produeespl ReYi Qg VisdtieoARBR, 1Qirf1/ BVBFSF EYEERTER €
A-vell e anydhasstinada=1(/8. and 8-2753) wikilkedydehenashehBryel |packet

13 of the second split is added to the BA charge packet of the third
14 split to produce a new Q; value AB+BA (i.e., 1/3 Xs 2/3 + 2/3 Xs
15 1/3 = 4/9). The error of this split (i.e., 5/9-12 or 1/2-4/9)
16 is now 5.5% as shown in Table I.

17 | Where the first charge packet Q, (1 e., AA+BB) is again

18 passed through the charge splitter 50, the result of the fourth
18 split is A(AA+BB) and B(AA+BB). Similarly the second charge
20 packet Q; (i.e., AB+BA) is put through the charge splitter 50 for
21 a fifth split to produce results of A(AB+BA) and B(AB+Ba).

22 As before the opposing elements of the fourth and fifth
23 splits (i.e., A{(2AA+BB) and B{(AB+BA)) are added together to form
- 24 a new first charge packet Q,. Likewise, the opposing elements of
25 the fourth and fifth splits (i.e., B(AA+BB) and A(AB+BA)) are
26 - added together to form a new second charge packet Q;. The erroxr

27 of this split is now 1.85% as shown in Table I.

28 . Table 1
29 Iteration No. OA - OB ELI_‘Q;_
30 1 A B ' 17%

+ 31 2 AA+BB AB+BA 5.5%
32 3 ' A(RA+BB) +B(AB+BA) B (AA+BB)+A (AB+BA) 1.85%
33 For the example offered above, the splitting ratio was
34 assumed to be 1:2. A wmore practical example, however, is the

35 case where the splitting error were to be less than 1%. For the
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-7- 1 It has been determ ned that the accuracy of charge 2
splitting can be inproved significantly through the use of 3 mul tiple
charge splits. Under an enbodi nent of the invention, 4 the inproved
charge splittin rocess can be iterative (i.e., 5 through us

si ngl e charge ngBt’F’g‘F“?]ave a splitting ratio 6 A:B) or the %r.@{!%%@”ﬁﬁy
be pi pelined through a nunber of 7 splitters (i.e., through-a first
charge splitter having an A'B 8 splittingwoati o, a second splitter have a
CDratig, athird9 splitter having a ratio E F, .etc.). 10

Where pi pel i néXarRLfe shovn gbrye; 50K saR) fikst, spditting jarron oz Afr s serend
produces har ggplddrtpione rdrrok aohlid beltte 02&sul A tAirdokplbet Hrg ostrshakegld
split (figst fbﬁhiot.td'd&f and then B and 13 conbining) is AD+BC and AC+BD.
The result of the third charge 14 split is E (AC+BD) +.F(‘AD+B% and F
(AC+BD) #E (AD+BC). 15 In the case whege Eheigphittingrarde i9(0-5%i.ng $econd
used (i.6& , usipldtiing ®rowgweuldabgeospdst era m&dasﬁmﬁ'ttihggef?équﬁld
A:B) the 7 f&" Alg'(g)ggg%rgesult can be sinplified to a third charge split
result 1 o] A?’e' + +B( AB+BA) ~and B( AA+BB) +A(AB+BA), since A=C=E and
19 B=DF. 20 Implimithiiny $hey akpve -Gxammesiimpltiiatekhthatterative
sphitter 21 pryRieds Tould HROVRLEAISE Y GRRCauNbER @b fidedi MeRE Rimbde SR

i nventio splitter system 50 in¢l,udes a charge 2 splitter

10, an inrbut ;grlgeﬁggqu“é'tsl%ds I ng&YteBqupﬁéﬁggé?nzﬂuSt é‘? eg%‘iﬁr“ﬁ)’ﬂ%d by
char ge slyﬂpi t t &hel @aanrasyumegudgedave some unequal 25  splitting ratio A'B
(e.g., k) that is charaed.erd saépiftst Bep2lctishli bhmplel 3BT At { O rat ive

X . ey . 1 he
;I'Elt 3 tcc\glr:ég gu:l{%:lhgrlgger Osljaljhlﬁscﬁlﬁn%t %vg.%et 902 Z.n acti:lc\t/)!r engg ‘L’:[:I&J tar? gnrlgc?dfn?ecntetof
3

1 the invention. The charge splitter device 70 is a CCD device
14 containing a splitter 10 and a number of transfer gates 20. The
is5 splitting device 70 also includes a charge storage well 60 and
16  an input/output (IZO) gate 62. The storage well 60 is
17 constructed by locating a receiving well between two barrier
18 gates as is well known in the art.

19 The I/O gate 62 is a gate similar to those shown in
20 FIG. 1 but capable of receiving (and combining) charges from
21 transfer gates 20 to the left and right of the I/0 gate 62. The
22 I/0 gate 62 is also constructed to transfer charge into. the
23 charge splitter 10 or to receive an input charge from an external

24 source (not shown) or to output a charge, as appropriate.. The
25 I/0 gate 62 may be constructed as shown in FIG. 6 as a charge

26 well 64 surro_imded by a series of barrier gates 66 all as well

27 known in the art.

28 FIG. 7 depicts the charge splitting device 70 during’
29 two of the three previously described iterative charge splitting
30 operations. The seven depicted steps show the initial charge

31 split as well as the subsequent splitting of the initially split

32 charges and combining of opposing elements to provide an interim
33 = result for the example provided above.

34 As shown in FIG. 7, for the first step (labeled "i%),

35 a charge -is input from an external device (not shown). In the
36 second step the first charge packet "a" is transferred back to

37 the splitter 10 along a circular path going clockwise to the left




28 but in practice the splitting ratio of an individual splitter 10 29
wll depart fromthe desired 1:1 ratio by a snmall anpunt that is 30
tharacteristic of the splitter's fabrication. The splitter 50 31 S
assuned to receive an input charge Q and to output two charge 32 packet s
QA and @B. Thewspdrossedr 10 of FIG 4 is assuned to be 33 t h@CTAIS6/1%79% he
splitter 10 of FIG 1 except that the splitter 34 10 of FIG. 4 may be -
assuned to have a splitter barrier gate 12 §€%_ on each side of the
splitter receiving well 14. 36 r the sake of sinplicity,

the chargg Q wihiiberid se@&wmm#agﬁeen"bdeﬂ M Mal HBeObhbrgodvdtileo

}32:% EJgETG;) Zgggfor a sufficient nu%e:gr oP c“:fl.%?ék cycles to f?:llc_l,h_r thecﬁ:(iﬁ'@té charge

accumyl at3ng apackeh Satletof redch sin jtheI/0vgateaddedn advancegef Hthe second
equal s Q g4A andhBrik! babRefissyied to have a fractional 3 value
consistent with the splitti ratio SO, _Si BFQ..4. A =A,

and BQ=Q®rr]=B, the let Ergﬁﬁ g#’lﬂr% %T’? ‘B)g gg‘sd% %? eFiTer Ch%%&&aCket
charge paéket s"aft bast lrethirnedd £l thei chavgersplittes L#ldnd 6is dixsided thmeto
splittingafracti [ u napt ey %?ﬁggﬂ t,

t he chargz pacﬁ%?gégrgamgggé EESaéf tEﬁ%u %bthe g%l?%%%é i%igﬁg nberégah 7
times to PeduckherhaEge apmpongnt,ab F%ﬁ%ﬁﬁGé@gfﬁFr JAr Ehs, chrkge ekl
in the spbittieg bb@ is riatstead ldouvedetaggdiatimittion ®f thel/dhafye/ansfer
i nstead 9f i deglenlinown( inCtne BEELSH Heht B¥IrYds SROWRAr 95Ul ts of charge

splitting under _
1l Step 4 of FIG. 7 shows the second charge packet "b"

12 being split within the charge splitter 10 (shown as components
13 "ba" and "bb" in Step 5). Step 4 of FIG. 7 also shows the charge
14 packet "aa" being transferred back to the I/O gate 62 along the
15 circular charge transfer path on the left side.
16 After splitting the second charge packet "b" the split
17 packet "bb" is transferred through the charge well 60 without
18 delay (step 5) so as to ensure that the split packet "bb" arrives
s {step 6) at the I/0 gate 62 at the same instant as the -split
20 component "aa" of the first charge packet "a".
21 As the two opposing packets "aa" and "bb" reach the I/0
22 .gate 62 they are combined within the I/0 gate 62. The combined
23 packets "aa" and "bb" may then be output or the process can be
24 repeated. _
25 It is to be understood that the iterative charge
26 splitting process shown in FIG. 7 (using the iterative charge
27 splitting device of FIG. 6) could be terminated after the two
28 iterative charge splitting operations shown (and the resultant
29 packets provided as outputs) - or the iterative process may be
30 continued as in the first example. Where the process is to be
31 continued, the iterative process of the embodiment may be

e 32 continued to achieve degrees of charge splitting accuracy not
33 available with prior charge splitting devices.

. .34 Under another embodiment of the invention, iterative
35 charge splitting is accomplished in-line using a number of charge

36 splitting devices 10. Under the embodiment, charge splitters 10,
37 charge transfer gates 20, charge combiners 62, and charge storage




12 the enbodinent. On the left side is shown the iteration nunber. 13
The right side shows the error of each successive iteration under 14

t he enbodi nent. 15 Under the enbodinent, the charge
packet Q is transferred into the charge splitter system 50 from

16
the left into charge transfer gate 52. The gate sig%{l Jgé ,
[err] are both J‘12(997"'(’15%%“vated to draw the charge Qfromthe i S %@LSZ
into the 19 charge splitter 10. 20 On the next cl ock
cycle, the charge in the A-well 56 21 (h2e., Q) is clocked into the

next charge transfer. .gate 54 L 22 t.he other charge.(i.e., err])
remaining in t“'ﬁg‘s"ﬁ\ﬁé)lg hr: R 15??] tog pr%"'ge & SS‘ﬁEgeoﬁgf?ﬁgt%ﬂ% ﬁ-%{efir’vﬁ?e
causi ng #he cléfcKFIGn&) [pdr highoagourady andigpeadhi | e the clock signa
[err] of gthe A-well is d 5 n r [

I n anot hgr transfer gat gr:?%gt téﬁo?mﬁb%‘%%%%@' a Fclk{(gptr §4e§ %}Atéggsggégngkg ngt
Citerativé@ spli‘ftliGig BpAn i HhsSPLPY into charge pagketpef'al amsh Jd™helthena
~the B-welsl 58packett andeth ipackke) @&thinBaWEiksbychargé aspliigrdierd! oCkhe a
signal [err] ki n;thg | lite . ri a,
subseque(r?t cl gcak%kce%cf'% e%ﬁ%éfci%%]?égde% &° rc% ngéﬂékg% %%%&ﬁe\,}g#’ iqgagﬁf‘gt 8gc:d
out on tHe nefharaer gPLittipg xatin) while the b pagkethdntiransfprret tndand
the end @f thaellidr dh 32chargpl stbrage OpeIBté®N, QA has a value equal to A

which fgr the 33 ex lven. .equals 1/ r], has_a yal ue equal
50 B (i. % 34  2/3). ﬂ%gegsrer%?nd( Shares, ﬁBﬁéBﬁF%’g‘g a{“]h§o?58a§%FFt ¥s; gplit
17% 3510 into pacigtisndag"saaehd ad"er Gierednc pditet et we @raker pand cad
36 Qharr], pRlwet) .ar ehagat pakNétlashtert RS chhegbN@E10088d tPhe ag
reduce %.E E;Q%k%\éeg.gl lshg%{:gcri'into a third charge well 60.

13 After splitting the a packet, the b packet is shifted
14 out of the charge well 60 and split in.the second (c:d) charge
15 splitter to form a bc packet and a bd packet. The bd charge
16 vacket is transferred to where the ac charge packet was
17 previously stored in an adjacent charge well 60 and combined with
is the ac packet in the charge combiner 62. The sum (i.e., ac+bd)

19 is transferred to and split within the third charge splitter 10
20 (having a ratio of e:f). The results (i.e., e{ac+bd) and
21 f (ac+bd)) are stored in charge wells 60.

22 The be packet split in the second charge splitter 10
23 is transferred to the charge combiner 62 adjacent the ad packet
24 and combined with the ad packet. The sum (i.e., ad+bc) arrives
25 at the third splitter 10 after (because it had a longer path to
26 travel) the previous sum (ac+b). The ad+bc packet is split.
27 within the third splitter to produce the charge packets e (ad+bc)

28 and f(ad+bc). The f(ad+bc) packet is shifted along the charge
29 transfer channel until it is opposite the e(ac+b) packet stored
30  in a charge well 60. The f(ad+bc) ‘and e (ac+bd) are combined in
31 the charge combiner 62 and transferred to an output gate 20.

32 Similarly the e(ad+bc) packet is transferred to the gate opposite
33 the f(ac+bd) packet and combined with the f(ac+bd) packet.

34 In another embodiment of the invention, charge
35 splitting is used to create precisely proportional charger
36 packets by splitting and combining unequal portions. For

37 example, a charge packet having a value of 1 could be iteratively
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The first charge packet Jerr] (hereinafter referred to as 2 "A') is
again split in a second splitting operation, the result 3 of which can
be characterized by nultiplying the first charge 4 packet A by the two
splitting rati oswo o7isds® produce two smaller 5 char ge packet BCEUS%12795B.

~Simlarly the second charge packet Jerr] 6 (hereinafter referred to as
"B" ) is split inathird splitting 7 opeﬁ.gtlon (multiplied by the two
splitting ratios) to produce two 8 smal | ér“charge packets AB and BB. 9

The AA ch rge 1 t S aggipd
the BB chglrge p et of %ﬁé‘vthlr é%éf tl}é]age@e%% %%ll%ﬂ?%;é?oduce <Tr’1€wthe

Qerr] vare qte gould again, be, ixexsedvely split topspdice paRlkets of
A=1/3 and B= 2/ 3/4 &mi nNadrl.y Ohe B tHeapgedpathketf ltthe se@bndhspiémnnl/gpbotld

i dded tp s t.h Is’fji]iﬁ

Iqse(rfir] evaI ue A +BA % gl?op?gé( %ﬁﬁi}%/%@ of a-5g3|f—:l'ljé;f?l-'QI)Q'EE . f{Qbrt’o
of this sflit @rosduces@ytesad, PEFEeE/ ¥ylug of 3 54 nowts. 5SFUtshewA Pregasedy
Ilé 17 Gth ropdNtﬁrt ondde3 {ir ghaehar gﬁvﬁ.&bﬁt QAlzhl 61? sifiED) tmazmah z | Bhe

asse r e u our
spli !to S 2\7 (AA ea%d c%l?“?‘ﬁﬁi;ﬁB?OhEggﬁe ar? &é"?éseeca(t'tjl Q%eg g& °PO %&I?é‘t
Qerr] (i.%., AB+BA) i s gutshefididgh embedinenteos pPPY?JermSUh@%? 'gnd apparatus
L |;th s1tol ig tocrfrodmﬁale@;ﬂ EafaetgﬁA( £ am&(ﬁBga&r gé2 ¢ oupled devibis
eror.e oppaosI n e e ur, a

AAnEE) Sha BERSHEEIE S ik PrEseotn dnveAtion e Besn Skpotiadd Far jene
packet Q¥¥r]. pu:rpqaa of, ilhestoppuiig ¢hel vasnes iof wRich thédnvemttilomig made
fifth spligs (lafy uddd\BR) @ﬂéuféﬁﬁé%aeféeo&ﬁ tha@d@i%i iﬂpfé'béﬁté&éﬂrgr

a new secopd change packel, QLerml iy Me$i2tidls o el TnvBhbloh M ics
14 various aspects will be apparent to one skilled in the art, and

15 that the invention is not limited by the specific embodiments

16 described. Therefore, it is contemplated to cover the present

17 invention any and all modifications, variations, or equivalents

18 that fall within the true spirit and scope of the bas:l.c
19 - underlying pr:.nc:.ples dlsclosed and claimed herein.




28 Tabl e I__2_9___’I~t_eration No. QA
OB Error B

L "
32 3 A( AA+BB) +B(AHIH“J A(AB+BA) , 1.85% 33
For the exanple offered above, t,he spFittifdy fatio was 34 m{%g}l be
1:2. A nore pr 9?7'@{; exanpl e, ‘however, is the 35 case whére e #1s
splitting error were to be |l ess than 1% For the : WO

97/ 06563 - -14-PCT/ US96/ 12795

-10- 1 exanpl e, shown, above for an first splitting error or 1% a second

2 splittir@%—%ﬁﬁ%@-ﬁiw% Athird splitting error would 3 |

be 0. 000%% 1. IAppairatoas fovhecqmal heisgl at tﬁ:u:rgtr @E#Hnd assb8cdid

a secon 5 t r e 0.005% A third splitting error
& be“%*p%%o%%%‘ge@ fipiibiis

woul d Implicit in the above-exanple is
t hat th€3I terative 8 procﬁa’ss Gofhpuge Srldtber foraplHtRiag Hshet Ehrst

The nunber ofchdkge pd@fs rianiy kedhied ohyrges YRItIRAPIOnCal EQRsEUSid8COf the
determ ned by, Qe b AGEUAEYa "EMtkE Yharge packet on a second side of

6 the charge splitter and for splitting the second charge packet

7 into a fifth charge packet on the first side of the charge
8 splitter and a sixth charge packet on the second side of the
9 'charge splitter; and _
io b} a charge combiner for adding the third and
s:.xth charge packets and the fourth and fifth charge packets.

2. The method of claim 1 further comprising means for

'l-'
| oud

iteratively repeat_iné_ the equalization process.

3. The apparatis as in claim 1 further comprising a
second charge .splitter for splitting the second charge packet
into fifth and sixth charge packets.

4. A method of equalizing a first .and a second charge
packet within a charge splitter comprising the steps of:

a) 'splitting the first charge packet into a
third charge packet on a first side of the charge splitter and
a fourth charge packet on a second side of the charge splitter;

b) splitting the second charge packet into a
fifth charge packet on the first side of the charge splitter and

W w20 A WD K WNRNR

a sixth charge packet on the second side of the charge splitter;
and ' '
1

(=)

c) adding the third and sixth charge packets and
the fourth and fifth charge packets. '
5. The method of claim 4 further comprising the step
of repeat:mg the process 1terat1vely.
6. A method of splitting a charge within a charge.
coupled device comprising the steps of:
a) splitting the charge into a first charge.
component on a first side of a charge splitter and a second

(o)
B

charge component on a second side of the charge splitter;
b) splitting the first charge component into a
third charge component on the first side of the charge splitter -

O I T B T VLR S R R R




11 FIG 5 depicts a-practical exanple_qQf an iteratr ”“3 :,E%\gég BEEN

charge splitting device 70 in acb an enbodi nent of
invention. The charge splitter | )(ﬂ @M device 14 cont ai ni ng
a splitter 10 and a nunber of tr he 15 splitting

devi ce 70 al so iwobuesses a char ge storage wel | 60 and 16 an PCT/US96/12795

I nput/output <(1/0O gate 62. The storage well 60 is 17

constructed by locating a receiving well betegen two barrier 18 gates
as is well known in the art. 19 The /O gate 62 is a gate

simlar ta) thos:edslnﬁw an fallyth dHa@gel doniponaimbleh Ofthd €6668hAIsi8Bd of the
conbi ni ngy q% Pler: transfer gates 20 to the left and right of
EFY
23

the I/0 ate 6 1/0 gate 62 is also constructed to transfer
charge.ih®o the char ge€kpl isRldit tingo theo sesemd, eharden momponende into

froman gxter r@-'fltﬂﬂl chas:@ér eémpORéEns ttﬁw&heOf:Li—et M&beatﬁéaélgé‘rgé‘%p&lét
appropri ae. structeq as shogn N

as a charge 2" 14e %FFXEH §ﬁ??§ﬁn888p8?e%t s%?l gge FeFORP; 8ldgaPEs thE shaxge

wel | 2713 kremwiteexhe art. 28 FIG 7 depr cts the charge

splittinggdevice 70 during. 2915 adai%y  RGad hrﬁl‘?lféevbé?tgé!:ﬂ 9@5‘35%;86(1
seven picted s

Iterativ charg I|tt|n oeratrons

the i n|t ‘?‘B%‘? nt t PFPd‘&SeV\éI Eixst, wpldtnrgn andi the néovrthh@nd
initiallyésplififen comﬁsmgﬂss argl presdicei agsei:oﬁdpﬁplﬂﬂ W} Sa@ pr OV' de
an inter 33 result for the e

shown i nh'l?l G 7, for the firs stégﬁgah%tgfj g’i’g} l%g'g%t gngharsﬁe’m’tds ﬁ?ﬂ'dtt
from an &%t erf@Pa¥R8®F ce (not shown). In the 36 second step the first
charge parket "a" is transfermesd deatiod @s3dn clditn 0fuiricherl @obp248idg the
circular Bath Qgéﬂg 8£O%yegﬁﬁ'18 tsp.gpgei:t through 4@ an at least second time

3 using the first split charge as the first component and the

4 second split charge as the second component.

1 _ 8. The method as in claim 6 further comprising the

2 step of using an at least second charge splitter to split the

3 first and second charge components.

1 9. A charge coupled device for splitting a charge

2 comprising:

3 a) a first charge splitter for splitting the

4 charge into first and second charge components;

5 b) a second charge splitter having first and

6 second sides for splitting the first charge component into a

7 third charge component on the first side of the second charge

8 splitter and into a fourth charge component on the second side

9 of the charge splitter;

10 c) a third charge splitter having first and

i1 second sides for splitting the second charge component into a

12 fifth charge component on the first side of the third charge

13 splitter and a sixth charge component on the second side of the
' 14 third charge splitter;

is ' d) a charge adder for adding the third component
v 16 and sixth component to produce a first split charge and the

17 fourth and fifth components to produce a second split charge; and

18 e) a transfer channel for outputting the first

19 and second split charges. '

This Sheet Has Been Rep laced

iAW

- ————
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t he second charge packet "b" is m 60 2 faor.a
sufficient nunber of clock cycl esLMm, .st charge 3 packet "a"

to reach in the I/Ogate 62 in ad I Mk’m nd 4 char ge packet

"b". 5 In the third sfep®oft F heflrst char%?mg%gﬁ

"a" has returneWNQ¥M6H3 charge splitter 10 and is divided i nt o®

conponents "aa" and "ab". In the third step of FIG 7, 8 “the charge
conponent -"ab" is not transferred into the-gharge well 9 60 but is

I nstead routed to the bottom% e charg ir&tn‘iﬁfer 10 thls,hown Ln the
bottom ri*ght of FIGs. 5xftd Fregharge couple e &5 ’Iﬂé SAM 1, EUF Her
second cl2ar ge coagkeisingha i@urtl'beﬂng‘gsmspliwemlhawtlg f:ha&rtgandptset:bnd é:Ddes
(shovn ag compagents) ifeing e Htkebbopl e Schlrgl. Blep 4 Yeveh ﬁg

shows the charge 14 packet "aa" bei n grans to the |

al ong thé 15 componeRtyExamthe £immsf th?Ze‘rFBf ¢harge. sa%ltter and
After splsitti dagticha aeghnﬂ ceargpe cp&pbﬁént tfrdnhthapbet:oﬂd? sideaolfethe boutth
transferred t Rk Lkgé 'r e well 60 without 18 delay (step 5) so as to
ensure that t he | t pac "bb" arrives 19 (step 6) at the I/O gate 62
at the sdme instant as tie sﬂTﬂ t charge cepRifchdevige 8f ineclaimile er.

packet " Q 2komprising a flfﬁhté‘tﬁaﬁgw s@&&&ﬁéﬁ%m@tﬁrsﬁaananéle R £ ERed
the I/0O te 62 tggé conbi ned wrtgg r}bﬁ te 62. gg

conbi ned 3 FokBPEEEART RS BeCORS FRAA °tr?e PrBERs chaxge
be 24 HepeatsthpzEnt from the flrstlslde)mtthépgrbdehdtme t$pliteeatand

charge 2¢  sphtld 'anﬂeﬁEﬂC@ﬁéréé'%inﬁdheﬁther(éﬁé Nedon@ Ei8EabE VEné B @S n

27 Sp|éttl ng oi_eg\g Cs%ﬁftt':el 6) could be term pated after the two

()

12. The charge coupled dev:.ce as in claim 11 further
comprising a second charge adder for adding the seventh and tenth
charge component to produce a third split charge and the eigth
and ninth components to produce a fourth split charge.

13. The charge coupled device as in claim 11 further
comprising a second charge adder for adding the seventh component
and ninth component to produce the first; split charge and the
eighth and tenth components to produce the second split charge

14. The charge coupled device as in claim 9 wherein
the charge splitter further comprises a field oxide barrier
dividing a charge transfer channel.

15. A method of charge splitting in a charge coupled
device comprising the steps of:

a) splitting the charge within a charge splitter
having a first and second side into first and second charge
components; ' _

b) splitting the first charge component into a
third charge component on the first side of the charge splitter
and a fourth charge component on the second side of the charge
splitter;

W O 30 W & WP WD PP WwNhHFEWwD

c) splitting the second charge component into
a fifth charge component on the first side of the charge splitter
and a sixth charge component n the second side of the charge
splitter;

I I
W N+ O
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28 Iterative charge splitting ope[a_u_gns—shewn—f-and the resultant 29
packets provided as outputs) or the i ter -may be 30
¢ontinued as in the first exanple \m“lgm ss is to be 31
continued, the iterative process * .may be 32 conti nued .
t o achi eve degr agg opbgsedar ge spl i.ttl ng -accur acy not 33  avai | abteusseri279s
prior charge splitting devices. 34 Under anot her enbodi nent of
the invention, iterative 35 charge splitt] ng is acconplished in-line
using a nunber of charge 36 splitting devices 10. Under the enbodi nent,

charge splitters 10 37  chaf)ge tdRRHer afsesteﬂxachééﬂﬁoﬁaw ngha 6%ixch
and charge stora 97/ 065

PCT/ USQé'i 279 onent to produce awgirst t?I.n: cha% arid “—hﬁeff’gréb m
-conbi ned& o prifitde caommxag'é:smq tptnnglc@CB gecppd split goaxgeGamd of high

accuracyand speed 3 out i ngheneHiedt 'Ed sedonhias Qcmtx@’e%
fromthe |eft (FIG 8 ad S t%llt I'nto charge. packets ' aﬁlan "
(the a ¥ ﬁasc thfrﬁ?eo YF-a first charge splitter 10. Thea

-6 packdt is transferreb+ o'mmmnhla@eispblaimrls_(ft(rta‘xdmg:mpuri&lnl_; the
charge s tt a r r
ge s i 'srt%g’ Y @ﬁmeaﬁn@ Rragdeht! én& é‘ﬁé&?& a&&ﬁar fhpd ﬁ | tteg.

in a charge stor '_g_‘ e secon
10 the a38acké’t & Fharge FPLittexy packets ac and "ad" (herein after

the ac packet and ad 1117. paiHeetmethoBhasadnpatain bétfnslerseompdicisggehe
wel I 60.  The ﬂp of transferring the first charge component back to the
3 charge splitter.

1 18. The method as in claim 16 further comprising the

2 step of transferring the second charge component back to the

3. charge splitter. '

i 19. The method as in claim 15 further comprising the

2 steps of repeating steps b through d and at least second time

3 using the first split chaxrge as a first charge component and the

4 second split charge as the second-Charge component.

1 20. A method of charge spllttlng in a charge coupled

2 device comprising the steps of:

3 splitting the charge within a charge splitter

4 having a first and second side into first and second éharge

5 components;

6 transferring the first and second chaxrge

7 components out of the charge splitter;

8 transferring the first charge component back to

9 the charge splitter and splitting the first charge component into
10 a third charge component on the first side of the charge gplitter
11 and a fourth charge component on the second side of the charge
12 splitter;
13 transferrlng the second charge component back to
14 the charge splltter and splitting the second charge component
15 into a fifth charge component on the first side of the charge
16 splitter and a sixth charge component on the second side of the
17 charge splitter;




12 packet is shifted into a third.-charge wel| 13 Af ter

splitting the a packet, the b pag shifted 14 out of the charge
well- 60 and split in the second (gjﬂuy !Hﬁ"m lM[splitter to forma bc
packet and a bd packet. The bd Is transferred to
where the ac char packet was 17 prevrously stored in a

charge well 60 WO @Sﬁfﬁl ned with 18 the ac packet in the chgfggjsg‘g%sner
62. The sum (i.e., ac+bd) 19 is transferred to and split within the
third charge splitter 10 20 (having a ra%o of e:f).  The results

i.e., ac+bd and 21 f a o) e
Sl'he bc acket )spl it in the séa%%noéj)t%l]le Eﬁl?h ééﬁhéﬂ%@b%&g SE'l'\ﬁult FIR %??'éoto
to the £ far gePERBFRR Bhrafdjsaddit crlﬁegacarrﬁcgt@c fourth and £bfh mempenents
the ad packetto gheaaos 41 s€con@deplilt aHareRs aﬁd at the third splitter

10 after, (because it had a IQ th.to 26 eI Vi QUS sum
(ac+b) . £:LThe ad+bc packet is°% lf‘tté)%ﬁ ttk\ﬁ %I;rfrﬁtt ﬁ?%?f‘%p?éil’te\‘e ccl}q;:ges as
produce22 he pmmgermcaplstwamume and f (ad+bc). The f (ad+bc)
packet t 'ﬁt ?\m fted+g|) Ongz%(hte &Péﬁﬂ?@gcwﬁié’dﬂséﬁhlégafaﬁl st&lil&th % IS CthTl‘?S
opposi te_the e(ac acket, store in a charge wel

and e(ac%bd) %‘%Bn%‘?ﬂ%ﬂl?W%l t he charge combi ner 62 and transferred to
an outpud gate 20. 32  Si nia achyrgaespiittbear havdanigeif ivstt mnds becord taidde
gat e Opp,QSI tegss spﬂl%fﬂ@%ﬁﬁdéhgﬁgﬁht@glfgmg na Eherdd Trﬁi@nents,

packet . . | ment | nventr

char ge 3% splitting i s used ¥Fsh ShaEIs EEFEEf?rp‘FW tHansferTicg
packets &y spthét ifigrsmnd andnbsacond urigirgle pooipoments okt 3F tlexamtsrged
char ge p.gcketsﬁrﬂ/é@gr? value of 1 could be iteratively

8 a second charge transfer channel for transferring

9 the first charge component back to the charge splitter and

10 splitting the first charge component into a third charge

11 component on the first side of the charge splitter and a fourth
- 12 charge component on the second side of the charge splitter;

13 a third charge transfer channel for transferxring

14 the second charge component back to the charge splitter and

1s splitting the second charge component into a fifth charge
16 component on the first side of the charge splitter and a sixth
17 charge component on the second side of the charge splitter;

18 . an adder for adding the third component and sixth
19 component to produce a first split charge and the  fourth and
20 fifth components to produce a second split charge; and
21 an output buffer for outputting the first and
22 second split charges as a charge splitter output.
1 22. The charge coupled device as in claim 20 wherein
2 the charge splitter further comprises a field oxide barrier

'3 dividing a charge transfer channel.
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-13- 1 split to provide precise packets of 1/2 and 1/2. One of the 2
packets-could, again, ‘be iteratively split to.produce packets of 3 - 1/4
and 1/4. One of the products of the second split, 1/4 could 4 be added

to the remai ni ngvepvsdsedt of the first split, 1/2, to 5 pr odigarusosizovs

packet value of 3/4. The result is a pre(“i Sely 6 . proportioned 3:1 charge
di vi si on. In a simlar manner the 7 pré ess could be. cgptinued to
produce any desired proportion, 8 A speci fic enpodi nent of
novel nethods a@gratss 9 RVIRT 3thin
charge coupl ed s f0 agcording to the present inventfon have been
descri bed for e osefof illustrating the manner in ich the

i nventi,on i s neERIR ARINd used. |t shoul d be understood thated he

i mpl enentation of 13  other variations and nodifications of| the invention
and its 14 vari ous aspects w in the t,
and 15- that the invention is{not limted by the specific epbodi nepfs 16
described. Therefore, it is cpntenplated to cover the presenta47

I nvention any and all nodificafions, variations, or equivale 18 .that
fall within the true spirit angd scope of the basic 19 under | yi ng

princi pl es di scl osed and cl ai mgd hereln.
26
v
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—28
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SPLITTER RECEVING o WELL
Op2] — %82
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-14- What is clained is: 1 1. Appar atus for
equalizing a‘first -and a second - 2 charge packet conprising :© 3
a) a charge splitter for splitting the first 4 charge packet into a
third charge packet on_a first side of the 5 charge splitter and a
fourth charge pgg% ¥ a second S|de of t he charge spH|¥QQHsgmﬁm§or
splitting the second charge packet Zgo a fifth charge packet on the
first side of the charge 8 splltter aﬁ a sixth charge packet on the
second side of the 9 charge splitter; and 10 b) a
charge conbiner for adding the third and 11 si xth charge packets and
the fourth and fifth charge packets. 2. The net hod of
claiml1 further c ng ans for iteratively repeating. the
equal i zation pr ﬁ?@ j : The apparatus as in claim1l
further conpri si nd charge splitter for splitting the second
charge packet ?RIOR |fth and gi xt hlcharge.padkets 1 4,
A nethod of equal’iZing a flrst @nd cond L 2 packet within a
charge splitter conprising the steps | 3 . © o a)
splitting the first charge packet |Hto a. 5 thgd charge packet on a
first side of the charge splitter agd 5 ? f@u Eh charge packet on a
b

second side of the charge splitter; | 6 b) splitting the
second charge packet into a7 93 fpfth Hndrge pac et on the first side of
the charge splitter and 8 a sixtfh chadrge!padketi on the second side of
the .charge splitter;. 9 and 10 l N 5 C) adding the third
and si xth charge packets and 11@s the fourth #d—fitt h charge packets. 1

5. The net hod of claim4 further conerSIng the step

A to 1| f:z *'3 fe4 A
F/G3b 0, 9 0 03 2, 9
PRIOR ART 7 773 rP7 vr7a 7273 v 70

i
FIG. 3¢
PRIOR ART

2
FlG. 3d
PRIOR ART

- FI1G.3e

PRIOR ART

ta




2 of repeating the process iteratively. 1 6. A net hod of
splitting a charge within a charge 2 coupl ed device conprising the steps

of: 3 - a) splitting the charge into a first charge 4
conponent on a first side of a charge splitter and a second 5 char ge
conponent on a S®WO8TeEsSss de of the charge splitter; 6 PCT/US96/12799°)

splitting the first charge conponent into §57 third charge conponent on
the first side of the charge splitter / '
-15- 8 and into a fourth cha ée conponent on the second side of the 9
charge splitter; 10 Ox B)y splitting th o ge
conponent into 11 a fifth changgscoffponent on the fifst 6:3 t he

charge 12 splitter and arsixt g)narze conponent on the—second-—si-de of the

13 charge splitter; 1F
t

d) adding the third conponent

and sixth 15 conpone to |prédude a f]rst split charge and the fourth and
16 fifth conponents té produceg-l@ |second splij charge; and 17

e) oUtputting'tfﬁ“’Ti_gg_t' and sEﬂ:oni""@AL 18 charges. 1

7. The nethod as in ¢laim|6 grther cpnprising the 2 steps of repeating

steps b through d an af | easit cgdnd tifre 3 using the first split charge as -

the first conponent and/yne 7 e{ond szbt. charge as the second conponent.
20 58 1 10 .
50 %p OUTPUT
INPUT
62
20 , 20
F6.5 [TT T
Yy 20
20 t /
\ D 10 T 60
20 /
A = 20 ~
20 4 20
-
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1
usi ng an at

8.
| east second charge splitter to split the 3

char ge conponents

a charge 2
splitting the
b) a second

The nethod as in claim6 further conprising the 2 step of
first and second

1

conprising: 3

GHQPH@%ggl:?Egr

the first charge conponent
side of the secon
t he second side 9

third charge spli
second charge conponent

9.

havi ng first

into a7 third

a)

45,

10

c)

A charge coupl ed device for splitting
a first charge splitter for
first and second charge conpone
d 6 second side
rge conmponent on-the first
litter and into a fourth charge conponent on
ond charge splitter;

g&or sf) Pt ng

a

of the third

side of the 14

adder for adg
a first split

second split

outputting theg fi

-16-

yfirst and 11 second sides for splitting the
|nt y a 12 fifth charge conponent on the first side
ratge—hS—sptahter —amd o ST}t h [Chafge gomnmponent on tjhe eccwd

third char‘ﬁ'.plit er;} 15 a |chagge
e+ Hre—tiprea—6 ormgnt [armoRsT e

chaf 17 d e\ f h afd flifth onght s o \pr te o
8—thRrige-{ang\1 b r e anngel— for

[ST\}2 aep nd sp]it]chgrgey a@ v
ag ab
-
/
’ }
@ L[] [1A\k] ® =
// N\ aa
ab-4—m
_0 «t+b
]
©) a9 ® bb
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T ab
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bat++=| (aa+bb) | =—ab
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1 10. The charge coupled device as in claim9 further 2
conprising a fourth charge splitter having first and second 3 sides for
splitting the first split charge into a seventh 4 charge conponent from
the first side of the fourth charge 5 'splitter and into a eighth charge
conponent from WMO97868%3dnd 6 side of the fourth charge splitt eerudosnzros
11. - The charge coupl ed device as in clai méd® further 2 conprising a fifth
charge splitter having first and second 3 sides for splitting the second
split charge into a ninth charge 4 conponent fromthezirst side of the

fourth charge splitter and 5 into a te charge co ent fromthe second
side of the 6 fourth charge splitter. 1% 1 The charge -coupl ed
device as in claim1l1l further 2 conpri &Eng a second rge adder for

addi ngy t he seventh and 3 tenth charge c“érrponent to prdgduce a third split
charge and the 4 eigth and ninth corrporfg\nts to produc® a fourth split
charge. 1 13. The charge coupl ed device asin claim 1l further
2 conprising a second charge adder for\@dding the sew&ath 3 conponent and
ni nth conponent to produce.a fifth splitecharge 4 andait hgei ghth and tenth

conponents to produce a sixth split 5 harge 1 o . The charge
cha@&ge spl iltter urt her

coupl ed device aw(] claim9 wherei (rﬁ
conprises a fiel de barrier 3 I
15. A nethod of chajige splitting i

a &yrgeltransf channel . 1
ge coupl ef 2 |de¥Pce conprising

the steps of: 3 | . a) + sh ' tHé“w{ra-r..gngithin a
charge 4 splitt ving a first a@dg side intadzfilrst and second 5.
charge conponentg,; ® gl itting the Ififrs char ge
conponent into atl? hird charge comg on the fifst 'sNé of the charge

splitter 8 and a tolirth charge conpon v [TQ%&:LJHd qi de of the charge

9 litter;
spli er _8 8
+
g ] - ""2
[
e o
oy N ' K.8
~N o= ‘\ 8
\ e \ % O
e A °© - ®
{
N 8J "'8
o~
o ©
(= (8
8-
N o
N
] T
. g/' o] 0
4
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10 : _,_c)_—ser—I—H—rﬁg—the second charge conponent iinREPLACEMENT SHEET

fifth charge to rst side,of the charge 12 splijttier and a
sixth charge c ﬁﬁiﬁm"mt‘mi #‘ ond side of the 13 charge spl{i tit g6 JUL 1999
REPLACENENT SH i -17-

adding the third conponent anmdSsixth 15 corrponent to~produce—a

flrs char ge a e f urth and 16 fi ft one o produce a
secohd ﬁﬁlﬁat 5’% E%‘ﬁjagi arge component one) eoﬁ éFFI%éI#%Y and

secofd sphargehapgmstéﬁ as a charge splitter output. 16.

They pEt hod as in claim Ly f“%g'i%t‘iﬁgp“ché' %%cto%f ?chﬁxrg%har é\?orferf’cnsir%cg' ng

t he rst and second charge nponents Itter
17. ¥lTheanefhbth asharag acempenentet et d&epr firal tHhide of st:bg otharge

tramaferépmﬂttae khash Qﬂﬁtﬁecﬁaﬂaénéahpbﬁéﬁttéhtﬁﬁé3sec6ﬂ&”§EaéF6ftﬁﬁé 1
aim 16 further conprising the 2 step of

trar’réferf’ ﬁﬁthﬁpiéEBﬁH'charge component back to the 3 charge splitter. 1
19. 14The method as in CH@Inl&adﬁngth&meXNmmiﬁdngcbhponent and sixth

15 component to produce a first split charge and the fourth and
16 fifth components to produce a second split charge; and

17 e) outputting the first and second split
18 charges.
1 7. The method as in claim 6 further comprising the
2 steps of repeating steps b through d an at least second time
3 using the first split charge as the first component and the
4 second split charge as the second component.
1 8. The method as in claim 6 further comprising the
2 step of using an at least second charge splitter to split the
3 . firsf and second charge components.
1 | 9. A charge coupled device for splitting a charge
2 comprising:
3 a) a first charge splitter for splitting the
4 ~charge into first and second charge components;
5 b) a second charge Splitter having first and
6 second sides for splitting the first éharge component into a
7 third charge component on the first side of the second charge
8 splitter and into a fourth charge component on the second side
9 of the second charge splitter;
10 c) a third charge splitter having first and
11 second sides for splitting the second charge component into a
12 fifth charge component on the first side of the third charge
13 splitter and a sixth charge component on the second side of the
14 third charge splitter;
15 4d) a charge adder for adding the third
16 component and sixth component to produce a first split charge
17 and the fourth and fifth components to produce a second split
18 charge; and
19 e) a transfer channel for outputting the first
20 and second split charges.

A FoabON—b o
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2 st.geps.~of repeatfﬁg—s%eps—b—LhLough d and at |east second tine 3 usi ng

the first splif |r charge conponent and the 4 second split
charge as the maiﬁ! Enent 1 20. A nethod of
char ge Sp|itt| g 1nc cha d 2 device conprising the steps of: 3

splitting the charge within a charge spgitter 4 having a first and second
side into first and second charge 5 conponents; 6

trangf er ring the 1dJ I Sthe aéﬁhr@@C@mblédwdee aéIOﬁ@OBEaiﬁ ouifuefhiehe
Chﬁﬁg litter, errln t he

o o ing 02 SOt aFBRTYR R ey BATIRY | Al tERe $99 6 EosRE e
conpdnergidead o £o& spln.btlﬂgcl”ta'regefamspormﬁlt)ncmegbi rintsi de skevenéh

ho Zhargiiidf’ cbhponBF Sk’ |che NRLOBCURMPRE CPub TE AR s

the charge I trans
charye c¥dpoHest aaék infol4a eiightdnaeharas| FOTRPRERY s‘-momtthg SREoFec ond
charge qgﬂmgnﬁpttﬂéifodﬁﬁﬂ)dhdydgigpgﬁgggg conmponent on the first side of

the gharge 16 ol ttopend 2 s RSy deysomponent, on e 3egand i de of

PCT/ 2)SO6ddi¥Bsing a fifth charge splitter having 18irst and second
3 sides for splitting the second split charge into a ninth charge
component from the first side of the fourth charge spiitter and
into a tenth charge component from the second side of the
fourth charge splitter.
' 12. The charge coupled device as in claim 11 further
comprising a second charge adder for adding the seventh and
tenth charge component to produce a third split charge and the
eigth and ninth components to produce a fourth split charge.

13. The charge coupled device as in claim 11 further
comprising a second charge adder for adding the seventh
component and ninth component to produce a fifth split charge
and the eighth and tenth components to produce a sixth split
_charge

14. The charge coupled device as in claim 9 wherein
the charge splitter further comprises a field oxide barrier
dividing a charge transfer channel.

15. A method of charge splitting in a charge coupled
device comprising the steps of:

a) splitting the charge within a charge
splitter having a first and second side into first and second
charge components; '

b) splitting the first charge component into a
third charge component on the first side of the charge splitter
and a fourth charge component on the second side of the charge

W 0 0 U WN PR WD R Ve WNRE B WDNDRE OO

splitter; _ _
10 c) splitting the second charge component into
11 a fifth charge component on the first side of the charge
12 splitter and a sixth charge component n the second side of the
13 charge splitter;
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18

produce a first split charge and the fourth and frfth conponents 20
produce a second split charge; Co
first and second split charges as 22

A charge coqutgld
c

21.
3

.%‘

and 21

harge splitter

a charge splitter out putgHs

evi ce f%mmhﬁﬁm&oﬁmr&enhmnacket
Heteriafiree! B

IIoUE- &

adding the third conponent and sixth conponent to "g§ <oPy

tmlqremen'l‘
he S

out put ti

< A'\

|‘Un|)l' S| ng

wepsst  and second sides 4
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a frrst
char ge .cqnp
second ch

L 10r LT
t he charge 7 A
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- conpongnt
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~for trans
splitter

char ge 16
17 char
an adder
a first

second sy
out puttin
out put. 1
wherein 2
di vidi ng |a

q

b

VAU TU 1 11e Uitar yco DPI I L LCI IIU J.‘r
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ézz)srb 7 August 1996 ( 96&
ferrrng 14 the second char ge com
&nu*mewnmnsprrtt t he second c

c SHHSABNt N ? ‘F?’?@i""s’?)de/of’s
ge conponent on the second side of
1) Applitarit:nQ-DOT ANG. PS/US]: A0S Eae Pfve, ol
plit °E’FPaﬁP%§'€8%P’?’H‘é Steurth and 20
(12§ Invedtor: JEINNENBRINR | Thomas, E.; 475 Silver Saddle
g t hdoddj Mogumepf CC 80132 (USk c JADSY

Mark; 536 Wemw Drive, E‘( |
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t s

char ge transfer “Channel .

{74) Agents: KATZ, A,, Sidney et al,; Welsh & Katz, Ltd., 22nd

floor, 120 South Riverside Plau, Chicago, IL 60606 (US)

J D}Jlllllllld LIIC
@1) (Desipiatid!Saited: ICAIP, KRYSGCE)
b on €A DEp PK B FLIR v5=“éﬁd5hﬁhﬁfNL
thrraréﬁhrge transfer channel
)ggﬁgé back to the charge

onent into a fifth
he cff g?@@”?ﬂﬂﬁ?? PP%8nd a sixth
the charge splitter; 18
sixth 19 conponent to produce
 fifth conponents to produce a

an out put buffer for

charges as a charge splitter
ed device as in claim 20
brises a field oxide barrier 3

(54) Title: CCD CHARGE SPLITTER j&‘

(57) Abstract
An apparatus and method of equalizing a first (a) and

second (b) charge packet. The apparatus includes a charge splitter

for splitting the first charge packet (a) into a third charge packet
(aa) on the first side of the charge splitter and a fourth charge
packet (ab) on the second side of the charge splitter. The second
charge packet is split into fifth charge packet (ba) on the first
side of the charge splitter and a sixth charge packet (bb) on
the second side of the charge splitter. The apparatus includes a
charge combiner for adding the third (aa) and sixth (bb) charge
packets and the fourth {ab) and fifth (ba) charge packets.
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