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perfornmed. Durépgeséating the sampled analog input signal. In the first

operating phase, the analég input signal is compared to 16
reference values in a set of 15 comparators. The coarse
compafison establishes which one of 16 ranges of analog
20 values the analog ihﬁut signal is within, and generates the
 four more significant bits (MSBs) of the digital output
signal.

. The same analog signal is then compared in a

second set of 15 comparators with a second series of 16

25 reference values which are selected in response to the
coarse comparison. The second, fine, comparison, (
establishes which one of 16 subranges of analog values (in
the range determined by the coarse comparison) the analog
input signal is within, and generates the four lesser

30 significant bits (LSBs) of the digital output signal. The
results of the first and second comparisions are combined
to form an 8-bit sample representing the level of the
analog input signal.

The coarse and fine comparisons, reqg.ire

35 successive clock cycles to complete. During trhe first
clock cycle, the coarse comparison is performed. During the
second clock cycle, the fine comparison is performed based
on the results of the coarse comparison. Thus, each 8-bit



second clock cycle, the fine conparison is perfornmed based on the results
of the coarse conparison. Thus,. each 8-biiz~- -2- sanple requires two clock
gycles to be generated. Present |ow cost ADC technol ogy all ows processing
at a 16 MHz cl ock frequency. The ADC descri bed above, thus, produces
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3 is a partial schematic, parti bl.ock, diagramof an ing the
i nvention; Fl &88Rend fdine [eAFh GaAvR13R Hi‘%l{:ﬁ' RRGF %P%]a?ge ‘%/e*s}P%t or
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‘5\} a bl ock dl a%r a_rg Q:f %h%or}balnngl'en%. ci LlI.L.:l.on output terminal of the
' 15 coarse ADC and a digital output terminal. The digital
' results from the coarse ADC and alternately from the two
fine ADCs are combined to produce a sequence of digital
samples representing the signal at the analog input
terminal. -
20 In the drawings:
FIGURE:1 is a block diagram of a subranging ADC
in accordance with the principles of the present invention;
FIGURE 2 is a timing diagram useful in
understanding the operation of the ADC illustrated in
25 FIGURE 1. : '
\U | f FIGURE 3 is a partial schematic, partial block,
' diagram of an ADC embodying the invention;
. FIGURE 4 is a detailed schematic'diagram of a
coarse resistor segment connected in parallel with a fine
- 30 resistive element; and
FIGURE 5 is a block diagram of a comblnlng circuit
which may be used in the ADC illustrated in FIGURE 1.
In FIGURE 1, thin lines represent analog signal
or clock signal carrying connections and thick lines



which may be used in the ADCillustrated in FIGJRE 1. In FIGURE 1,. thin
lines represent analog signal or clock sggnal carrying connections and .
thick |ines -3- represent digital signal carrying connections which may °
include multibit parallel connections. An analog input signal froma source
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be the MSBs temgBy 9% réﬁéﬁ%iﬁ@'aeédarééediéﬂﬁSl'Qﬂbﬁakiﬁatibﬁnék gRE be
anal og signals which deflne tggnﬁgger apd | ower boundary val ues

range of andiYpk At ddeAnat RE %é?ﬁ@ 20 ThgsMpRE éﬁﬁlﬁﬁupiﬁﬁtt°
signal 10as idreisinpmitedf redmkdntiagecirdubtiry330. encoaksd ADC 10 also
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Zazzu. Fine r tiv I mnals
t he LSBs on%1 (ﬁ%? zgh&)fgggé?gégﬁ??ﬁ§9 eengg?hgﬁaﬁﬂaﬂehg%g These
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signal. This digital indication may be the MSBs
themselves. Alternatively, the rangé indication signal may
be analog signals which define the upper and lower boundary
values of the range of analog values containing the value

20 of the analog input signal, as illustrated in U.S. Patent
4,542,370 entitled "Cascade-Comparator A/D Converter"
issued 17 Sept. 1985 to Yamada et al. The range indication
signal may also be a combination of analog and digital
signals as described in the above-mentioned article by

25 Dingwall and Zazzu.

Fine ADCs 20 and 40 produce at respectlve digital g;/
output terminals the LSBs of the digital signal
representing the input analog signal. These LSB outputs
are'éoupled to further inputs of the combining circuitry

30 30. Combining circuitry 30 combines the MSBs from the |
coarse ADC 30 with the corresponding LSBs from the
appropriate fine ADC 20 or 40, and arranges them into a
sequence of digital output samples representlng the input
analog signal.

35 _ Sequence control circuitry 50 génerates clock
signals 110, 120, 140 and 130 which are coupled to coarse
ADC 10, fine ADCs 20 and 40 and combining circuitry 30
respectively. These clock signals control and sequence the

f



i . . _
coarse ADC 30 wi-th t.he corresponding LSBs fromthe appropriate fine ADC 20
,or 40, and arranges theminto a sequence_gf digital output sanples

Y epresenting the input anal og signal. 35 _ Sequence contr ol
circuitry 50 generates clock signals 110, 120, 140 and 130 which are

coupl ed to cosperati¥n 19t these bbapdfientd, 48sandseeiBeli A8 fbkeUideitnid0
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better unders&gggbﬁytégffégggecigcﬁggryLning diagranms illustrated in Fl GURE
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cl ock suppliegd.to the circpuit of ¢ 38 A .. Waveform .
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sanpl es 1y cGe ¥OC 20. afdfieddeilhustrptedeinf FIGUREelclinckud@laceanplieons
that S/ H circy t 01k RRU i gnals t] T t

ot most pul ood AELETUS/E) | Sfra0ft Mini8R had 4R°infhr bBEpRRaTEE BRY o,
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i nput sixPal produceidn ofhthacMsBEedbfnmsatcpsbivecsanple8Nby coarse ADC
10. The leftmost pulse of sample clock 101 conditions that
S/H circuit to sample the analog input signal at time A.
The next leftmost pulse conditions it to sample at time B
and so forth. The leftmost pulse of waveform 102.

.20 illustrates the time period when ADC 10 is providing the

MSBs of sample A (MSB(A)) and so forth. .

waveform 121 illustrates a sample clock supplied
to the S/H circuit of fine ADC 20.° The leftmost pulse
conditions the S/H circuit in ADC 20 to sample the analog

25 input signal at time A. The next leftmost pulse conditions

U : it to sample at time C and so forth. Waveform 122
illustrates the time periods when fine ADC 20 provides the
LSBs of the analog input signal. Fine ADC 20 cannot begin
_ the conversion of sample A to generate its LSBs (LSB(A))

30 until coarse ADC 10 provides the range information for the
current sample A. The fine conversion period for analog
sample A, thus, is delayed until after the coarse -
conversion of sample A is completed. The fine conversion

. 1s arbitrarily selected to begin-at time B. At the end of
35 the leftmost conversion period shown in waveform 122, the
.. complete digital sample representing the analog input
. signal at time A is assembled in combining circuitry 30 and
is made available, as illustrated in digital output -



it to sanple at tinme C and so forth. Waveform.122 illustrates the tine

peri ods when fine ADC 20 provides the g§§§-of the anal og i nput signal. Fine

ADC 20 cannot begin the conversion of sanple A to generate its LSBs
(LSB(A)) 30 until coarse ADC 10 provides the range information for the
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35 the | efdgmsde qmn/emlaﬁupﬁnedmbom Iﬁhuﬁye§éﬁ€r&'285 aheomplptet e

digital sanp].e r esen th t t ti Al nbl ed
ihgeonblnlgp t%%mg*ﬁgﬁﬂefgaﬁgﬁ éeﬁgrﬁgézgnas ?Ilugpfateeslgszfglt:
output 5 -5- sequenc@;&Gﬁ)ddmgdfgneaADcawpl,eaAcomEILaéeAB)ﬁ:giﬁa&loesmpdte
oGl . An0 N Slasf B G Lol Lot T Gor LhE160TR BAL! 2019buERgT AnARE . 10

and fine ADC T nis generates’ a co I'ta e ev two cl ock
cycles. 5 At time B, Eﬁh%dﬂfﬂgcirﬁﬁlhﬁcpﬁocoaréénﬁPStéodﬁgﬁt§Fn§aﬁBFe may

be obt ai ned &'%dtﬁ'&&kplfé'%&el anabsgcszh§w BigfENChs éuhg&eaaedt he S/ H

circuits of coarse ADC i ne Al
signal, as iYavRfemedoh WSctdtns 4811

ﬁoz, 1(1? C s £ ADA 01 gegenet ases hehdBRSBsf ofaspplB. B. vmmeuoapaesADc.lo
as conplete t nversi o nQni. pal 0 i
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i n wavef or m f#fe ADC t40cb&yinsecopwpketiondiodi anhlognpgampdepBesonti ng the 15
anal og | nbulg S Ghgte A +f | H8pE kﬁsﬂgﬁsthgdﬂaug%edatt@anqncwawfroa—yn 3@zand is

made available, as Tl ustr ed I N
sanpl e B. CdﬁtS%iﬂ@XP&OtbﬁoﬁﬂﬁﬁéeFﬁe WBB§aéfS?W€ 5n5FB§Q§%H&¥&9 &ach

clock cygle &:@916%nfnw@ss2Qnamdaﬁ0tnmedsceszessehmeasam combialiog sanpl es.
at alternatecfég&ltr CégsandTQgsmade available, as illustrated in
digital output sequence 160, as digital sample'B.
Coarse ADC 10 produces the MSBs of the analog _
samples at each clock cycle and fine ADCs 20 and 40 produce
20 the LSBs of analog samples at alternate clock cycles. Thus
the ADC illustrated in FIGURE 1 produces a complete dlgltal
sample at every clock cycle. '
. FIGURE 3 illustrates a more detailed
configuration of an 8-bit A/D converter embodying the
25 - invention. Coarse ADC 10 includes a coarse resistor

element 22 with 24 coarse taps (TCi) located at equal L,/

increments along the string, 24 coarse comparators, a
coarse S/H circuit 27, and a coarse logic array
decoder/encoder 28. Fine ADC 20 includes a fine resistor
30 string 24 comprised of 2% segments with each segment
further subdivided into 24 sub~-segments with (24-1) fine
- taps formed between each of the 24 fine sub-segments. The
fine segment also includes (2 41) transmission gates per
segment for coupllng the (2 —1) taps of a sub-segment to
35 the correspondlng (2 -1) fine comparators. Fine ADC 20
further includes a fine S/H circuit 25, and a fine logic
array encoder 32. A similar fine ADC 40 is coupled in

parallel with fine ADC 20.

l.e th | t .
aas§£§%a§§15|wa§p%§?gg nagveform

out put sequence 16Q, as_.digital \J/



the ADCillustrated in FIGURE 1 produces a conplete digital sanple at every

clock cycle. FIGURE 3 i | lustrates a nor e déat-a-i | ed configuration of an 8-bit

W D converter enbodying the 25 i nvention. Coarse ADC 10 includes a

coarse resistor elenent 22 with 2 coarse taps (TG) Iocat ed at equal

increments al ong ‘the st finad cdst'dd Ic‘étga_{ss‘golccgmﬁéf:@ % gircuit
| nc
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~encoder 32. A simlar I'S coupled “I'n para
-6- The coar s¥or&agst épceqeevmns ACHossy e ingpigttive iehements dmgatedf

equal val ue, Béltiwéthe(‘a@!hp beb&fﬁé@@&tﬁ“%ﬂ@”&lﬁ’&é& frfb%af gred at

t he junctions betvFve ﬁ[ﬁ I‘ea[il st or A further tap (e. TC16) may be

connected 5 ™MPROtABicAt1y: along dhe cqRanse greﬁ?\‘ﬁ%pm‘coﬁﬁ%t e tiFRerr] The

coar se r&ei st closksteto dmcemesuﬁept VWO ty e ﬁz Itage i ncrenents

across the resistive el a eac nsequ t he
SR e Ber e sl vy 16

vol tage increases nonot dnica
cl osest to [edpy wpterientcaprelsa%@tnqeo [@Y]Wamwf:maswlreamm dIhenetwork 22
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[err] is apprBREHEEBI YrEelt VREjtlé't it l@pproximately 500 ohns.

15 22 is divided into 16 (i.e. 24) coarse segments of -
substantially equal ohmic increments (e.g. approximately 30

" ohms each) to produce 16 substantially equal reference
- wvoltage steps, which can be represented by 4 bits. 1In the
discussion to follow, it is assumed, for illustration, that
20 WV is ground and V

REF~ REF | _
(2VC) across each coarse segment is 400 millivolts, with

+ is 6.4 volts. The voltage drop

the voltage at a succeeding tap along the string being 400
millivolts greater than the voltage at a preceding tap.

"There are 16 coarse comparators, one comparator

25 for each coarse tap along resistor network 22 including a

U sixteenth comparator for the tap to which V___+ is applied.

The sixteenth comparator senses an overflow,REgndltJ.on, i.e.
when VIN (the voltage of the signal at the output of S/H

_ circuit 27) is greater than Veprt:
30 .it is not necessary to sense the overflow condition, the

In applications where
sixteenth comparator may be eliminated.

The outputs (0CCi) of the coarse comparators are
applied to the coarse logic array decoder/encoder 28 which

-produces: 1) a coarse indication of the value of V and

IN/
35 2) control signals indicative of the two taps exhibiting
" the incremental reference value which bracket the input

voltage being. sampled. Logic array decoder/encoder 28 may

be of the type used in the CA3300 and CA3308 integrated



4 15 22 is divided into 16 (i.e. 2) coarse segnents of substantially
equal ohmc increments (e.g. approxinmately 30 ohms each) to produce 16
substantially equal reference voltage steps, which can be represented by 4

bits. In the discussion to follow, it is assunmed, for illustration, that 20
[err]is grougdrandty mahu'f%c@:&e‘@'ﬂys ReATo 9] e qEaPr{186d )i R0QES each
coarse segnenh s 40 I Its with the voltage at a succeeding tap .
al ong the st FPR§THEMRS 1|RﬁﬁtQQEBr%HQ%t?FﬁﬁF%YE;EDI?@%e at a Radie
pr eﬁedl ng taaecshlewem, dex Q@am wmfk yatcmf oprae mﬁm@faéprkzi’&mh for

each coarse i resd staor 22 1nc t eent h_conpar at or
for the tap %l%g&ﬁleggg%:??]ei gr ntﬁ'ue ‘13%8 %n RY %?%R%rf%ng:'e%n%n

over f | owScondi ahdn2 notediabovd.N (the vol tage of the signal
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of Sihcircult 27) is §geditle WhN A6 HesidtbARM LG 52 10

not necessary to sense t Qv er

ol

at the output
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cmmmaor

nay

be el i m nat eélnt‘PhéGOlfteth-sz( C)C@l)nebfrﬁﬁ”i'es“eld%ﬁ wlensRke ator stire applied to
thg cogrse Ifeatgﬁteatrsqywde;qp@%rdrﬁrmﬁgr%eg&mm é’{éﬂé&i‘@l %ei]al %Sﬂé’éd é?e f
i ndi cation o e Vv err an contro nals indicative o
the two tapsiBxRAE ﬁﬁé PHET A HARRROTE SRAE Ve SROTHRE B FROYR! he
i nput vadt agénbFICYREarp| eEadhp diinennresi sieicrsl s ) et ei s 28uwddy bidedf t he

by RCA Cor p. B4R FesdPiodd ) Fupareaieit N lbrowide Frfoh o ERECT 0T oC

Al ternativel yefewsnaecmt/a@ecmazgwmeem eaghcpmnfoé mmme Bap&known:

not ed above. In fine

decoder / encogegjapnhdngeqai &s capabl e of producing functions.
ADC 2
fine resistive el ement $5(dd

5

1 and 2

bei ng cepnectefinected, or formed, at the junctions of every two fine.
sub-segments of each resistive element resulting in 15 fine
taps (Tf1l through T£f15) at which are produced 15 different

fine monotonically increasing reference voltage levels (V

. through Vfls)

20 _The total ohmic value of the fine resistive

element between a pair of coarse taps is typically 100 _
times the ohmic value of the coarse resistor (Rc) connected
between those two taps. By way of example, where the
coarse resistor value is approximately 30 ohms, the ohmic
25 value of the fine resistive element is 3200 ohms and the
impedance between any two fine taps is approximately 200

.ohms. Hence the voltage level at each coarse tap is

'prlmarlly determined by the coarse re51stance.

Referring again to FIGURE 3, there are 16 sets of
- 30 fine transmission gates, (TGfi) each set being comprised of

15 transmission gates (as shown in FIGURE 4).

Each set of

fine transmission gates is enabled by a control signal

(fsci) produced by coarse logic array 28. During operation
of the A/D converter, only one set of fine transmission
35 gates is enabled at any one time. When the set of fine

transmission gates is enabled, the 15 fine taps associated

‘'with that set are coupled to their correspondlng fine

comparator inputs.

reS|stor network 24 is divided into 16 (err)

FIGHRE, Sach fife tami CFEYD :ﬁememu
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in parallel.with a correspondi ng coarse segnent, as shown 10 i n FI GURE 4.
Each fine resistive el ement is subdivided_gnto [err] (or 16) sub-segments
Yo provide 2 (or 16) fine reference voltage steps between each pair of
coarse taps [TC and TG +l]. As illustrated in FIGURE 4, a fine tap (Tfi)

is 15 connected, or fQTRIREA!3 té&edwnﬁwﬂﬁteﬁdéa%a MW tREL

sub-segnents of each resistive elenent resulting 1n 15 fine taps (Tfl

thigagh Tf 15) “RERAEh 2P0 RRINABE PFackehs RnEnpBhovehtege) ythe 15
i ncreasing r efﬂmﬂdfapsal(t'me) | et #ied r\htﬂiliﬂuﬂﬂile %féck@@lng coarse 'he

total ohm c valu the fine resistive elenent be en a palr of coarse
taps is typi Céﬁ@hﬁ’%ﬁo a}]ierreco"f%e%tﬁﬁca?/%? Tdance Rt their r%%‘%%F%‘P (Re)
connect ed Shet wasrandemsmt wiLa dfs. tiynswissionxgapes, T@ﬂpr €1+1®) coar ke

t I I : al ue of the fine
resistor valUed e A Wil os 3 Bradea C0halaroryal U |

resistive el enent | e | npedance ween -any two fine taps
i s approximately 200 ohfengke the fine gempavators CBCh thruowsh &L}

primarily det e.rlmdmahsed fi@n FORBUHE [ 15d S CQuthiet §réi:é'9c | & 0o FE{REE 3,
there are 16 %gts i ne transmgi Cﬁg%eﬁé 'Bé each set beilng
conpri sed of i rﬁnsq:ﬂ FREY ¢ argLer Ras Bfofine
transm sdioon gdaiperts.s @rebligbuty is andpats Svened '(:I&escvc)lilsé@dupe by ?@]arse
logic array 2§, D opvert y t o i ne
transm ssion 3 e%%&to%ef %’t "Eﬂgnzf/g S Hie 06,20 | S 9T | ne
transmi ssion gm iis mqwme\etqum ref tthe h&s@%la@‘éeidvxfimetmt‘emce
are coupl ed t diiide GRARASRAUPIUE [EMEr SNy 3iE FEBStive ugla?d

4 afe intended to show that whenever a coarse segnment Dbrac ets an I np
vol t age, the P3G ne taps (Tfi) contained within the bracketing coarse

segment ase coupl ed in a@ROAAMEI (FFEDPi 6 £ OEl®T £he comparators FCi
are applied to.a fine logic array decoder/encoder circuit
.32 of FIGURE 3. Circuit 32 produces an output which
indicates the value of an input voltage being sampled
within its four least significant bits (LSB). Fine ADC 40
20 is constructed similarly to fine ADC 20 and will not be
described in detail. ' '
FIGURE 5 illustrates a combining circuit 30 which
may be used in the ADC of FIGURE 1. The MSBs from coarse
ADC 10 are coupled to the data input terminals of four bit
25 latches 302 and 306. The LSBs from fine ADCs 20 and 40 -
U -+ are coupled to the data input terminals of four .bit latches
304 and 308 respectively. The four bit output terminals
from latches 302 and 304 are concatenated to form an eight
_ bit signal which is routed to one data input terminal A of
30 a multiplexer (MUX) 310. The four bit output terminals
from latches 306 and 308 are also concatenated to form an
eight bit signal which is routed to another data input
terminal B of the MUX 310. The data output terminal of MUX
310 is coupled to the digital output terminal of the ADC.
35 A clock signal, as illustrated in waveform 141 of
FIGURE 2, is coupled to latch enable input terminals (en)
of latches 302 and 308 and the set (S) input terminal of RS
flip-flop (FF) 312. A clock signal, as illustrated in
waveform 121 of FIGURE 2, is coupled to latch enable input



5 arrangenment via 15 transm ssion gates TG ) .(1-15) ;to the reference

I nput of |ike ordered conparators. Thergqare 15 fine conparators (FCl
through FC15) illustrated in FIGURE 3 whose outputs are coupled to fine
decoder/encoder circuit 32. Each fine conparator has two 10. inputs. One

nput s ! esansiRd A ddP yP!126EnésT $042knlNS0BuURR! tAE PEEEL! el 25 Of

fine ADC 20 IS responsive to one of the 15 selected flqg B
reference\wﬂnnﬂﬁaﬁﬁﬁmﬁn% u%fe%stﬁgr%%% byTPﬁe°PEEH§cFP?@lpP&n9n9§sFén e

gate. 15  pr 312 is Té*&apyé@u{:é %anﬁfolhenﬁuﬂetemﬁaat OESMBER 3a0e
applied to a fine | ogi ra coder/enc .Clrcuit 3% gB EIGUR%'S.
Gircuit 32 produces ant ﬁﬂ% 2R ?ﬁdFB éElPﬁec&ﬁFHé of %akSi RSEE vol t age

bei ng s@ml asheilpiundésstood byasefergncei tanthei wavelsBhs Eldusibated 20

5 constriotad siignlarly 19, hneneOhel 8p0ithhlooGhuBt o8 HLUCHER

detail. -FI GJRE tates—a conbinrng Cire used in
the ADC of RdRURErtied That MsBaefBdm tbeysernoeamhedeleo&ercea 882t he data

i nput term &%}ffhﬁ Q%ﬁlféatlbﬁtSheﬁavéggrﬁnd4ioﬁo itee1h®Bh enhawll ne
ADCs 20 and are coupl e he data ipgput term nal §P¥efL0ur bit | atches

304 and 308 #@b‘éﬁtl%ﬁ’? ?hESPSUbePPaGBEpEPmP&FmAn & at ches 302

and 304 @r e sopesEeadt edttelﬁerm)antneghhrbl flatiched inhilaltchs 30dauted to one
data input t

term nal s fr@?ﬁ?'é?al&h%%p%b%aﬁﬁﬂnﬁ 'Y §e§>f<’ ém #Q:t e -LIQ%hf %ﬂ%btailnt e?;LPUt

bit signal wiphtis Absbedtt mmeoChewauraﬁarmnﬁtZtl conditiong &S #F¥e 33X 310.
The data outpyly ) chitgal 2bgit+8i0s Zarﬁsqualteqttso oftput Helcili il PUirhi s

term nal of Si naI as I1Tustrated in \
vavef or m 141legi¢| HURES2gnad, cvbirhd io apRliR the Gomtrod FPRts (en)

of lat fif 302r@{Ha BOS £ sttt BE0Seohdl tidpidl MU 7311IOa|td)fcdﬁ§]fé ithef | 0p (FF) .
312. ock signal, as L1 ust r%t %d | N v%f oI mt:thl doft Fl. t2 I's coupl ed
to latch enadbignfhpat data inpu a outpu

terminal. Digital sample A is thus produced at the dlgltal

ermina

output terminal at time C, as illustrated in digital signal
sequence 160 of FIGURE 2.

20 When the MSBs of analog sample B have been
converted (at time C), they are latched in latch 306
through the application of waveform 121 to its latch enable
input. ‘When the LSBs of analog sample B have been
converted (at time D), they are latched in latch 308 .

25 through application of waveform 141 to its latch enable - |
input. Waveform 141 also conditions RS FF 312 to produce a _,
logic '1' signal at its output terminal. This logic 'l'
signal, which is applied at the control input terminal of
MUX 310, conditions MUX 310 to couple the signal at data

30 input terminal B to the data output terminal. Digital

- sample B is thus produced at the digital output terminal at
time D, as illustrated in digital signal sequence 160 of
FIGURE 2. As the above sequence repeats, digital signal
sequence 160 is produced at the dlgltal output terminal at

35 a rate of one sample per clock cycle.

Although any subranging coarse and fine ADC
converters may be used as the ADCs 10, 20 and 40,



i-9- termnals (en) of I|atches 304 and 306 and the reset (R) input term na
of RS FF 312. The output termnal Q of R FF 312 is coupled to the control
vinput termnal of MJX 310. The operation oP conbining circuit 30 is nost 5

easily understood by reference to the waveforns illustrated in FI GJRE 2 _
Wien the MsBsg Ag EBEER! SfAtﬂéV% BEEN coRPERELBH ERbel LR
| at ched in Iat g’ ?hrough t he app |catFon o wave#g?n1l4l énlts Iatch

endte input. PQWﬁﬂrmﬁECESBs of anal og sanpl e A have-been 10 converted (at
time C), they are latched in latch 304 through application of waveform 121
toits latch enable input. Also at tine C, waveform 121 conditions RS FF
312 to produce a logic '0' signal at its output termnal. This logic 'OQ"
signal, which is applied at the control input 15 - term nal of MJX 310,
condltlons NUX 310 to couple the signal at data input termnal Ato the
data output terminal. Digital sanple Ais thus produced at the digital
output termnal at time C, as illustrated in digital signal sequence 160 of
FIGURE 2. 20 Wien the MSBs of anal og -sanple B have been
converted (at time C), they are latched in latch 306 through the
application of waveform 121 to its latch enable input. When the LSBs of
anal og sanpl e B have been converted (at tinme D), they are l-atched in latch
308 25 t hrough application of waveform 141 to its latch enable input.
Wavef orm 141 al so conditions RS FF 312 to produce a logic '1' signal at its
output termnal. This logic '1' signal, which is applied at the control
input termnal of MJX 310, conditions NUX 310 to couple the signal at data
30 , input termnal Bto the data output termnal. Digital sanple Bis

t fO0s produced at the digital output terminal at tine D, as illustrated in
digital signal sequence 160 of FIGURE 2. As the above sequence repeats,
digital signal sequence 160 is produced at the dlgltal out put term nal at
35 a rate of one sanple per clock cycle.



- angi ng coarse and finé ADC converters may be.used as the
ml lﬂﬁ;ﬂmﬁ “0, subrangi ng ADCs qfijthe flash, conversion type wl |
xVecDESL Werst ormance.

CLAI MS: 1. A subrangi ng anal og-to-digital

converter, conprising: an analog input termnal; 5 a coarse
anal og-to-digiA s converter having an anal og i nput. port coupled to said

input termmar, a digital oytpui ternminal _and a.range.indication_ output -
Kl Bz A R S A

ternminal; f

AR89 8P g4

rst and setond

anal og i nputc@mptisbmgted to said 10 input termnal, a range selection

I nput term nal coupled Boﬁéggggragggg QQE%&%%&H output termnal, and a

di gital out put t er mi naft

t he digisal
fine anal og-

sai d coarse

h ng respective input termnals coupled
out put terai aakssef apal@dcterdd git@ls slapves Hen avimy fdtond

to

slgaﬁzs i ig{o?ﬁogzsf-et ebapled ot 21 SinpudO iR 1S Waigiftam .
nd seton I n d

said first a ] anal og-to-digital, converters wth si, ga:s from
ewtPul- tergigatarndoy &aNge @B EHIOR é’%rﬁ?&“ﬂgl ifgi t al

aznpl es rep&esenti ng sgiésgga?ms&ic@&? £izie ?.x}alo'ﬂﬁ-d:d;-fﬂi\garﬁaﬂg_ of C: aim1l
erein said coarse and sa i st and _second .fine anal.og-to--digital_ _.
h B tadued Kispin

converters eSRRAVEEREFFs8agRsBASIEIAR AAFE ARk

B

sal

anal og i nputifpgfaterinalThe camger tserlegitiCmiimphtwHeEmiinalaiabupagd ecand

hold circuit

converters a?

15

3 hgeC S Stphit’ Herlitfa30 A LU LY diput
2P, 28hHeCagIEat S uitoli! Yeruld Jt 4
terminal; _

means having respective input terminals coupled
to the digital output terminals of said coarse and said

first and second fine analog-to-digital converters for

" alternately combining signals from said first and second

20

25

30

35

fine analog-to-digital converters with signals from said
coarse analog-to-digital converter to produce a sequence of
digital samples representing said analog signal.

,

2. The converter of Claim 1 wherein said coarse

and said first and second fine analog-to-digital converters
each comprise a sample and hold circuit responsive to said
analog input signal.

3. The converter of Claim 2 whérein said sample
and hold circuits of said coarse and said first fine
analog-to-digital converters are conditioned to sample
simultaneously at successive points in time, and said
sample and hold circuits of said coarse and said second
fine anélog—to-digital converters are conditioned to sample
simultaneously at points of time intermediate to said

successive points in time.
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jsimul taneously at successive points in tinme, and said sarrpl’ﬂmﬂl u'ﬂ[””
«circuits of said coarse and said second fimel2amal og-to-di gi A ””"I
sare conditioned to .sanple sinultaneously at points of tine internedi‘hte’ tod
said 35 successive points in tine. -1 M

2_ *
S * 4. The converter ofd-CTiSnmeonvREey PEFErLunk arwherein
anal.og-to-digital convert@ai¥ Glisesndd SN digitdl dotrePtes each
haw¥g n bits, where n is an,.i ntqej]‘?er?é]r‘?gg{ 1{1%{;\;2.; 5 . .said
coarse anal og-té’-r(ﬂdgﬁcteﬁ S SeBHeRGR | G Y3 AP IRT BAFD MRFERE 1
having [err] codrits,sefreye q haviary subsgemntgrddtercatisdn odyni c i ncrenents,
where x is an integer |esst, , i d_first. and second fine .
anal og-t o- d?gi tal 10 conv}r lrelfs%agaa%%]?%rg%je%q i%l %ﬁﬁa%o_rgv?fi%rr:’e%?yf%?s
string having [ & Goatisee rasimims elemant kvingad al¢edrse t$egments having
‘correspondi ng ¢ amg é%ﬂija Aiin £ ae&m bej yided into
2(n-x) fine sub%?b'r%e%nts. %ty £ JTSAr%ﬁ ana oggigé%%g?i%o%gerter
substantially ad mB&EsH Ehds i RRA Wi th reference to Figure 1 of the

acconpanyi ng drawi ngs or Ky & irdt) HAMESHEALE ML ardYogitdidigLeaB 1O

> 10 converters each respectively include a fine resistor
string having 2% fine segments connected in parallel with
a corresponding coarse segment, and each fine segment
being subdivided into 2(07X) g0 subsegments.

C L

15 5. An analog-to-digital converter substantially
as hereinbefore described with reference to Figure 1 of
the accompanying draWings or Figure 1 in combination with
any of Figures 3 to 5. '




