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WIDE DYNAMIC RANGE ANALOG TO DIGITAL CONVERSION 

BACJ(GBOJlND or T8E INVINTJON 

1) fioJd of tile Jnycntion 

The pesent invention m1ata 1D an analog-to4aital converter circuit in 

5 which an input sipa1 acts u a reference sipa1 on an analog-to-digi1al converter 

which adapts its nnge to the level of the input signal without a variable gain 

amplifier. 

2) Qis;rmjon of R+tr4 An 

When an analog sipa1 with a large dynamic range is to be converted into a 

10 digital signal, an analog-to-digital convener (ADC) with a high resolution has been 

conventionally required. Typically, the range in decibels (dB) divided by six (6) 

gives the necessary number of bits to be output by the ADC. In a ndio receiver, 

for instance, where the level of the input sipal could vary over a range of 100 dB, 

this formula would require an ADC to have 17 bits or more. In addition to the . 

15 Jarge dynamic range, a high conversion rate (grater than 100 kHz) could well be 

necessary, for example, due to a large bandwidth of the input signal. 

To address these requirements, the most common solution to the dynamic 

ranee problem is to incorporate a function referred to as automatic gain control 

(AGC). In the typical AGC device such as shown in Figure 1, an input signal v .. is 

20 leCtified by a rectifier 12 and filtered through a low-pm filter 13 to extract the 

envelope of the sipal. This signal envelope is used as a control signal to control 

the gain of a variable gain amplifier 11. Tile amplifier 11 will have a low gain if 

the input signal, and thus the control signal, is large and a high pin if the control 

signal is low. 1be amplifier will provide an output signal with a compressed 

25 dynamic range after the amplifier. If the signal is then converted to a digital signal, 

an ADC 14 with a fixed reference voltage is used. The reference voltage sets the 

range of the ADC. To achieve a wide enough dynamic range with a conventional 

AGC, it might be necessary to connect seveml varible gain amplifiers in series. 
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Another sOlution is offered in U.S. Patent No. 4,990,913 issued to 

Beauducel on February 5, 1991. 1be Beauduce1 patent discloses an ADC usina a 

variable refere11ce vo1tap. After amplification in a fixed gain amplifier, the input 

signals are applied to a sample and hold unit, the oulpUt of which is connected to a 

S ADC. One of a number of possible leferenc:e voltages is selected for the ADC as a 

function of comparisons made between the sampled input and predetermined 

vo11ages. 

Yet another solution is offered in U.S. Patent No. S,194,86S issued to 

Mason et al. on Maleh 16, 1993. The Mason et al. patent discloses an ADC having 

10 an automatic range control. 'lbe automatic nnge control is in the form of a peak 

detector which generates a refelence potential corresponding to the peak amplitude 

of the input signal, a level shifting circuit for shifting the clc level of the input signal 

in accordance with the refemlce potmtial, and a ADC for converting the shiftal 

input signal relative to the refelence potential for high resolution digital output 

15 signals. 

Other solutions include logarithmic ADC's and the NICAM (Near­

Instantaneous Companding Audio Multiplex) system for television sound where 

blocks of samples ue shifted with diffelmt shift factors for each block, the process 

being referred to as block floating point. However, the main purpose of these 

20 solutions is to lower the bit rate on the digital transmission following the ADC. 

These ADC's could be implemented as a hiah resolution ADC followed by some 

operation, for example, a ROM-table, to reduce the number of output bits. An 

inverse operation is then pedonned in the other end of the transmission chain. 

These solutions are not well suited if the goal is to simplify the ADC itself instead 

2S of decreasing the bit rate following the ADC. 
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SJJMMAl.Y OE TBJ INVl'NTJON 

The present invention pmvides a solUlion to the ADC dynamic zange 

problem· while avoiding the use of aa automatic pin c:ontrol. The invention 

involves Ieetifying an input signal and filtaing the rectified input sipal thmugh a 

5 low-pus filu:r in the c:oDvmtiona1 manner to extnct a signal envelope, but instead 

of including an amplifier with a variable pin, the signal envelope is used as a 

referenc:e signal on the ADC. 

Several embodiments are disclosed. For inscance, the analog-to-digital 

converter cilCUit can further include an adder for adding the referenc:e signal to the 

10 analog input signal as an offset and a multiplier for doubling the refenmce signal 

whelein the doubled refemice signal sets the 13Rge of an analog-to-digital converter 

. with two reference inputs. 

Also, the analoa-to-dipat convener circuit may include a multiplier for 
generating a complement of the referenc:e signal wherein the reference signal and its 

lS complement are used to set the range of an analog-to-digi1al converter with two 

reference inputs. Another embodiment enables absolute measurement of the output 

sipal level. 

Further, another embodiment is presented that teeps 1be pin in the sipa1 

path constant over a period of time by scaling the digital output signal with a digital 

20 refermcc signal, thus enabling processing which might have this feature as a 

requiiemenL 

Yet another embodiment is presented which reduces the quantir.ation error by 

converting the digital reference signal into an analog reference signal that is used to 

set the range of the wide mnge ADC. 
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Further features of the ilwention, its natme and various advancages will be 

maze appmmt from the foDowing detailed description of the invention and the 

acc:ompanying dmwinp in wbicb: 

S Fipre 1 is a schemadc diapam of a conventional automatic pin coatrolled 

analog-to-digital converter; 

Figme 2 is a schemadc diapam of a first embodiment in accordance with 

the present invention; 

Figun: 3 is a schemalic diapam of a second embodiment in accordance with 

10 the present invention; 

Figme 3(a) is a schemalic diagram of one type of multiplier suitable for use 

in the embodiment of Figure 3; 

Figure 3(b) is a schemalic diapam of one type of summing amplifier 

suitable for use in. the embodiment of Fipre 3; 

IS Figure 4 is a schemalic diagmm of a thDd embodiment in accordance in the 

pmrcnt invention: 

Figure 4(a) is a schematic diapam of one type of multiplier suitable for use 

in the embodiment of Pigum 4; 

rJ&UlC S is a schematic c6apam of a fourth embodiment in accordance with 

20 the present invention; and 

Figmes 6 and 7 are schematic diagrams of a fifth embodiment in accordance 

with the present invention. 

DETAB,m DF$CBIPl]ON OF THE "JFEBIEP EMBODIMENTS 
Figure 2 illustrates a first embodiment of the invention wherein an input 

2S signal V • is rectified by a rectifier 22 and filteled by a low-pass filter 23 to provide 

a reference voltage V.., representative of the sipal envelope of the input signal V •· 

The input signal V 8 is also input to an input port of the ADC 2S for conversion to a 

digital signal. '!bus, the input signal v. is nctified and low-pass mterec1 as 

conventionally clone in automalic gain control, but instead of having an amplifier 
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with a variable pin, the signal envelope is used u a refemlce signal in the analog­

to-digital conversion. 11le mfmnce signal V,,, sets the mnge of the ADC 2S and 

the ADC 25 will adapt its mge to the level of the Input sipat V •· An input 

sample with the same Jevel u the refaence input V 1r1 wD1 give the maximum output 

5 code ftom tbe ADC 25. In an I-bit convener, the mmmum output code would be 

2SS bits. This embodiment will solve the same pmblem as the inclusion of an 
automatic gain control but without the need of an amplifier with a variable gain. 

One other adwntage of the pmsent invention is that it is easier to pt it to 

work over a wider dynamic rmge coinpared to a variable gain amplifier because of 

10 the problem of maJdng an amplifier with a gain that is variable over a wide range. 

Most commercially available ADCs have two reference inputs, one 

corresponds to the input level which gives the muimum output code and one that 

corresponds to the input level which gives the mhlimum output code. One example 

of a commercially awilable ADC is the ADC0820 from National Semiconductor 

15 Corporation. 

In the first embodiment only the maximum refeieni:e input is used for 

simplicity. However, for an ADC haviftl two refermce voltage inputs, the present 

invention can be implemented as shown in Figmes 3 and 4. 

A second embodiment is shown in Figure 3 wherein the negative mere.ice 
20 input of the ADC 2S is set to 0 V {lmund), the positive input of the ADC 25 is set 

to two times the output of the low-pass filter 23 (2xV 1r1) via a multiplier 38. An 

offset of V"" (the output of the low-pus filter 23) is added via an adder 39 to tbe 

input signal V •· Thus, the ftd1 range is shifted up to the range of 0 V to a 

maximum value (i.e., 2xVnt), along with an upward offset of the input signal v •. 
2S Figure 3(a) mustrates one way to implement the multiplier 38. Here, the 

multiplier 38 takes the form of an amplifier 38B the output of which is fed back 

through a resistor RHA to the negative input of the amplifier 38B. 1be node joining 

the negative input of the amplifier 38B and the iaistor R* is also c:onnected to 

pound through another zesistot R,.c. The input V n1 to the amplifier 38B is thus 
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subject to a pin of two ·a.. • R,.c. It must be emphasiml that then are many 

ways to implement such a multiplier 38, Pigure 3(a) showing just one. 

Pigure 3(b) i11uStrates a summin& amplifier 39 with a pin of one when all 

resisters indicated in Figure 3 are of equal ~ue suitable for use in the embodiment 

S shown in P"igme 3. Any suitable summing amplifier maybe used, Pigure 3(b) 

showing just one by way of aample. In this exemplary embodiment, the two 

inputs V..,, and V .. am input duougb msiston ~ and R,,., mpectively. The 

outputs of the resistors a_ and R,,. are joined at a node w.ith the feedback output 

signal of a first amplifier 39C, which has passed through a feedback resistor R,,o. 

10 The signal at this node is input to the negative input of the amplifier 39C. The 

positive input of the amplifier 39C is pounded. The output of the amplifier 39C is 

passed through anodler :msistor a_ to be combined with a feedback signal at the 

negative input of a second amplifier 39F. The positive input of the amplifier 39F is 

pounded. The feedback signal puses through a feedback resistor R,,o. The 

15 configuration of this portion. of the circuit is specific to a civen applic:ation and the 

specific design to be implemented is within the skill level of any artisan. 

A third embodiment is shown in Figme 4, wherein the output of the low­

pus filter serves both as a positive mference input and, after being converted to a 

complementary neplive number (by multiplying by negative 1 via a multiplier 48) 

20 serves as a negative Jeference input. 

Figure 4(a) mustrates one way to implement tbe multiplier 48. Here, the 

multiplier 48 takes the form of an amplifier 48A the output of which is fed back 

through a resistor Rua to tbe neptive input of the amplifier 48A. The node joining 

the negative input of the amplifier 48A and the resistor Raa is also connected to the 

2S input signal V ..,,. which has passed through another iesistor R..c· The positive input 

of the amplifier 48A is grounded. By this dlcuit structure, the input V"' to the 

amplifier 48A is thus subject to a gain of negative one. As with Figure 3(a), it 

must be emphasiz.ed that there are many ways to implement such a multiplier 48, 

Figure 4(a) showing just one. 
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Although the chcuits shown in P"igures 2, 3 and 4 will solve the problem of 

accommodatin& an input sipal baviq a wide dynamic image, some limitations 

cm1d become appmenL A disadval11age of the chmits shown in Figures 2, 3 and 4 

is that it does not maim an absolute measurement of the signal level. One other 

S ctisadvantap is that tbtn could be signal piocessing followjng the ADC that 

assumes the pin in the signal path to be constant over a period of time. 

It shoulcl be noted that there am cases where this is not a problem and where 

the circuit hi Figure 2 will work satisfactory. One example could be a simple FM­

demoduJator. It should also be noted that these disadwntages also exists in the 

10 prior art shown in Figure 1. 

Figure 5 shows a fourth embodiment not subject to these disadvaDtaps in 

that it provides an absolute level measurement. In addition to the first ADC SS, a 

second ADC 56 is included to measure the refetence vol11&e V"' output from the 

low-pass filter 23. In accordance with the pn:sent invention, the time constant in 

15 the low pass filter 23 is typically long compared to the variations in the input signal. 

This means that the Jefeae11ce voltage V"' will vary much slower than tbe input 

signal Via• Because of this, a slower ADC could be used as the second ADC 56, 

which would be simpler to implement and less expensive than the first ADC 55. 

The second ADC S6 will have a fixed reference level V •· The output V,., 

20 from the LP-filter 23 is a signal tbat·follows the envelope of the input signal v. and 

tberefole the output D.., of the second ADC 56 could be used as an absolute 

measure of the input signal level. In some applications, it might be sufficient to be 

able to measure the absolute level at a lower mte than the sampling rate of the first 

ADC SS. For example, in a cellular phone system, absolute level measurements of 

2S signal strength are used as an input to handover algorithms. 

If, however, the problem with the varying gain affecting the subsequent 

signal processing sbould be solved, then each output sample n. would have to be 

scaled with the reference voltage V "'" The embodiment shown in Figure 6 provides 

this capability. Just as in the fourth embodiment shown in Figure S, an envelope 

30 signal V, from the low pass filter 23 is converted from analog to digilal in a second 
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ADC 66. Instead of using the analog signal V, as a reference voltage for the first 

ADC 65, the m'elmce voltage V rr1 for the fint ADC 65 is provided by a Digital 

Signal Processor (DSP) 68 through a Digital-to-Analo& Converter (DAC) 67. The 

DSP 68, sbown in Figure 6, could be implemented u an Applic:alion Specific 

S lntepatecl Circuit (ASIC). The advantage of pmviding the DAC 67 is expJained 

below. 

. Fipre 7 shows one example of how output samples coulcl be scaled. 'Ibis 

solution bas an advantage compmecl to the embodiment shown in Figure S. 

Specifically, the DSP 68 can include a multiplier fB, implemented in software, for 

10 scaJina the digital output from of the first ADC 6S. In the solution showed in 

Figure S the outpUt from the first ADC SS is: 

v. 
D =-""J!'.,. .. 
- v ""'"'" ., 

If the digital OU1pUt n_ of the first ADC SS would be scaled with D.., (an output of 

ADC 56) in a way similar to the embodiment of Fipre 2 to make it independent of 

the reference level then: 
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--.. - -· dDCl41..o--{~~1-~~ 

Unfortunately the sm>nd tmn that depends on the quantb.ation error fmm the 

second ADC 56. i.e. q...z, could not be eliminated. If the circuit shown in Figures 

6 and 7 is used instead, then D.,... becomes: 
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This means that the second tam that depended on the quantindon enor from the 

second ADC 66 could be eliminated in the scaled output n........ In other words, 

instead of using the unquantiml voltage V, as a refaenc:e signal to the first ADC 6S 

and then scale D. with its quantiml value D.., it is better to use the quantiml 

S voltage V,., which co1responds exactly to D,., without quanmation error. 

No extra error will then be introduced even if the extracted signal envelope 

V, varies in the time between each digital sample D,. This could also be important 

if the sample n.te of the second ADC 66 is lower than the sample rate of the first 

ADC 6S. The output D-..... is still scaled with exactly the same mfermce that is 

10 used to set the range of the fint ADC 6S. If the digital sample D, is goin1 to be 

used as a measme of absohde sipal strength, it would however have the 

quantization error q..,z. 

In an implementation of the embodiment showed in Figmes 6 and 7. the 

second ADC 66 could be of a type that includes a DAC, for example a successive 
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apprmiation converter. In this case it would be possible to get the quanm.ed 

voltage V., directly fmm the second ADC 66. It should be noted that a converter 

implellated lite the one in Y11mes 6 and 7 wD1 have a dynamic range of N + M 

bits. The quantiutioa enor however will be like that of N bit converter. It should 

5 allo be noted dlat, with a diffellnt algorithm in the DSP 68 shown in Figure 7 and 

without a low pus filter, the mutts of the dn:uit described in Beauduce1 patent, 

could ·be emulated. In this case the sample rate of the two ADCs would have to be 

equal. 

One skilled in the art will appieciate that the present invention can be 

10 practiced by other than the above-described embodiments which ~ presented for 

purposes of illustration and not of limitation. 11le scope of the invention should be 

measured by the claims appended hereto. 
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CLAIMS: 
1. An analog-to-ctigilal converter circuit, c:ompdsing: 

a mcdfier for nctifying an analog input sipal; 

a filter opemtively connected to said recdfter for filtering a iectified 

S analog signal output fmm said rectifier to provide a refenmc:e signal; and 

a first anatoa-to-digi1 converter for. converting said analog input 

signal into a digital signal within a range, said range being dynamicaDy set in 

accordanc:e with said zefereltee signal provided by aid filter. 

2. An analoa-to-digital converter cin:uit in 'accordance with claim 1, 

10 whelein said filter is a low-pass tilter. 

3. An analog-to-digital converter circuit in accordance with claim 1, 

further comprising· an adder for adding said mfermc:e signal to said analog input 

signal as an offset and a multiplier for doubling said reference signal, said doubled 

reference signal being used for setting a range of said first analog-to-digital 

15 converter. 

4. An analog-to-digital converter circuit in accordance with claim 1, 

further comprising a multiplier for generating a complement of said refermce 

signal, wherein said reference signal and said complement of said reference signal 

are used for setting a range of said fint analog-to-diptal converter. 

20 S. An analog-to-digital converter circuit in accmdance with claim 1, 

further comprising a second analog-to-digital converter for converting said reference 

signal· into a digital reference signal. 

6. An analog-to-digital converter circuit in accordance with claim 1, 

ibrther comprising: 
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a second anaJoa-to-digital converter for converting said iefezence signal into 

a digital iefeam sipal; and 

means for multiplying said digital ldelence signal with said digital signal 

output from said ftrst analog-to-digital converter to scale said digi1al signal. 

s 1. An ana1oa-to-dilita1 cmwerter circ.uit m accordance with claim 1, 

fiarther comprisina: 

a seconcl analog-to-digital converter for converting said reference signal into 

a digital refermace signal; 

a digital-to-analog converter for converting said digital reference signal into 

10 a second analog refemlce signal, said second analog refelence signal being used for 

setting a range of said first analog-to-digital converter; and 

means for multiplying said cliaital Jeference signal with said digital signal 

output from said first analog-to-digital converter to scale said digital signal. 


