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rnvention relates to sensors and, nore particularly, to an isolation

nplifier in a dual in-line package containing a signma-delta converter and
opt ocoupl er. By using the signma-delta converter in conbination with an

Pt ocoupl er, the anplifier is 10 capabl e of accurate signal

rieproduction, well-specified gain, and optical isolation wthout |arge
ppwer consunption. Sensors are commonly used to nmeasure current or 15
vpltage at a particular point in a system and to provide output signals
I hdi cative of the sensed current or voltage. In one typical application,
ajcurrent sensor is used as part of a feedback control circuit for
agcurately controlling notors in precision 20 equi pnent, such as
ajtomated assenbly robots or nunerical control machines. The current
sgnsor detects the current flow ng through the w ndings of the notor and
dglivers a proportional signal to the control circuit. The torqgue out put
off the notor is directly 25 related to the current flowing through its

wifndi ngs. Thus, based on the signal fromthe sensor, the input to
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OPTICAL ISOLATION AMPLIFIER WITH
S8IGMA-DELTA MODULATION

i 3 This invention relates to sensors and, more
particularly, to an isoclation amplifier in a dual
in~line package containing a sigma-delta converter and
an optocoupler. By using the sigma-delta converter in
combination with an optocoupler, the amplifier is

10 capable of accurate signal reproduction, well~-specified

gain, and optical isolation without large power

consumption.

Sensors are commonly used to measure current or

15 voltage at a particular point in a system and to
i provide output signals indicative of the sensed current
or voltage. In one typical application, a current
sensor is used as part of a feedback control circuit

for accurately controlling motors in precision

20 equipment, such as automated assembly robots or
numerical control machines. The current.senscr detects

the current flowing through the windings of the motor

and delivers a proportional signal to the control

Q circuit. The torque output of the motor is directly
25 related to the current flowing through its windings.

Thus, based on the signal from the sensor, the input to



2, - the notor can be altered or maintained by the control circuit to
recisely control the torque of the notor. In such applications, the

ontrol circuit requires extrenely accurate sensing to precisely vary the
nput 5 to the notor. The out put §%gna| fromthe sensor should ideally
e linearly related to the sensed signaf and have a well-specified gain to
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the_notor. The device. is.co i sed of a sem conductor_ wafer_having a DC
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the input to protect from voltage transients or surge
currents which could detrimentally affect the control

system. Moreover, the sensor should require limited

i power consumption, be small in volume, and have minimal

15 requirements for cooling. Each of these features must

be consistent over varying temperature. Since space is

i often a constraint, the sensor should also occupy as
little space and volume as possible.

In light of these constraints, various sensors

20 have been developed for accurately sensing motor

current. Each has advantages and disadvantages. One

widely-used type of sensor for precision motors is the

Hall effect sensor. This device utilizes the Hall

effect to generate a voltage linearly related to the

25 changing current in the motor. The device is comprised

of a semiconductor wafer having a DC power source

connected to opposite ends of the wafer. The wafer

produces voltage proportional to the intensity of the
applied magnetic field, which itself is proportional to
30 the motor current. Although this type of sensor
provides accurate reédings without large power
consumption on the input side, power dissipation on the
output side can be very large. Moreover, the output of
the sensor varies drastically with changing temperature
35 due to the inherent properties of the semiconductor

material. Furthermore, due to the relatively large
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connected to opposite ends of the wafer. The wafer produces voltage
proportional to the intensity of the applied magnetic field, which itself
is proportional to 30 the notor current. Al though this type of
sensor provides accurate readings _ w thout | arge power consunption on
- the input side, power dissipation on the out put side can be very |arge.
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10 a receiver section of the amplifier, thereby minimizing
the interaction of the circuit that follows the
amplifier with the circuit that precedes it. These

) circuits have the advantage of accurate signal sensing
capability at constant temperature. However, some of

15 these amplifiers deliver an output and have a gain
which varies due to temperature and process variations.
Moreover, these circuits, being largely electrical, may
require a supply of power which impinges on system
requirements, especially if bipolar integrated

20 circuitry used. Larger power supplies can be
constructed to produce sufficient power, but such
supplies would add cost and volume to the system. As
an alternate, CMOS configurations may be used which
require less power, but these «circuits produce

25 undesirable substrate currents if the input signal
swings below ground. DC biasing or rectification
techniques may be used to boost the signal above
ground, but such techniques may add. errors to the
amplifier output which detrimentally affect

30 signal-sensing accuracy.

In addition to preventing the disadvantages
discussed, an ideal amplifier should also provide an
isolation barrier sufficient to prevent ripple in the
output of the amplifier caused by voltage transients

35 and surge currents. In more extreme cases, 1if the

isolation barrier is insufficient, such transients or
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realize the isolation section of the ampllfler Such
10 capacitor isolation, however, suffers from the
inability of a capacitor to block rapidly changing
voltage inputs (high dv/dt), such as high-frequency
voltage transients. This inability limits amplifiers

e

with capacitor isolation from being used for noisy
15 applications.

Optocouplers, also known as optoisolators or
optical isolators, have also been proposed for
isclation. Optocouplers convert an electrical input
signal to an optical signal, transmit the optical

20 signal, and restore the transmitted signal to an

25

30

35

electrical output signal similar to the electrical
input signal. Although optical isolation is strong and
provides superior transient rejection as compared to
capacitor isolation, the LED used to realize the
transmitter section of the optocoupler causes
disadvantages. Due to nonlinearities of the LED,
errors are introduced into the analog signals at the
detector end of the coupler. 1If digital transmission
is used, errors due to nonlinearities can be reduced,
but the LED will have to be turned on and off,
resulting in large power supply fluctuation which can
cause undesirable system effects.

It is, therefore, desirable to provide an
isolation amplifier for accurately sensing voltage or
current, which provides a linear output, has complete

isolation, and a well-specified gain, each of which



“or, the circuits that follow Several solutions have been proposed to
establish a sufficient isolation barrier within an anplifier 5 whi ch
does not rely on magnetic effects, but each has caused di sadvantages in
overall sensor performance. In one proposed solution, disclosed in US.
Patent No. 4,843,339 issued to Burt eg-al., capacitors are used to realize
the isolation section of the anplifier. Such 10 capaci tor I sol ati on,
however,  dudd etct fammwitte ahmayind ytefper adapacioroif atber ildadcilerr api dl y
changi ng v%élcﬁ&esé'ir}pa%ts (high dv/dt), such as high-frequency voltage
transients Si1hability limts anplifiers with capacitor isolation from
bei ng used for rdi sys18lso ajmsliredlieorse Cpnstouptetbe amgolidiown as
opt ol sol at Qi Qe BKGS el 38LE! @1 PnolidRadhing *e%eQeert%gS%&L ffad sol ation.
Opt ocoupl ers convert an electrical nput signal to an optical signal,
trandSmt t Hhepinpit $bgnalsignal, and restore the transmitted signal

to an electricajy oufputesiona Wdiidpio t8e Prfiidealsidaputagi gnal.
Al t hough optical isolation is strong and provides superior transient
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Due to nonlinearities of the LED, errors are -introduced into the anal og

signal s at fHeHatel™r end of the coupler. If digital transm ssion
10 It is still further desirable that the isolation

amplifier be relatively inexpensive and that the
complete isolation amplifier fit into a conventional
8-pin dual in-line package (DIP) which occupies a
minimum amount of space and volume.

15

The present invention provides an optical
isolation amplifier package which possesses all or some
of these desirable characteristics and which

20 conveniently fits within a conventional 8-pin DIP. The
optical isclation amplifier package inéludes an input
chip having a sigma-delta analog-to-digital (A/D)
converter for converting an analog input signal to a
digital signal. The sigma-delta converter is used to
25 modulate an off-chip LED which optically transmits the
signal to a photodetector on a separate output chip
having an accurate optical recovery section for
reproducing the transmitted signal. Also contained on
the output chip is a digital signal-to-analog (D/A)
30 converter for converting the digital signal back to an

analog output signal linearly related to the analog
input signal.




ft s used, errors due to nonlinearities can be reduced, 30 but the LED
Wi ll  have to be turned on and off, resulting in |arge power supply
fluctuation which can cause undesirable systemeffects. It is, therefore,
desirable to provide an isolation anplifier for accurately sensing voltage
or 35 current, which provides a |ivTfear output, has conplete isolation,
and a wel | -speci-fied gain, each of which -5- does not vary w th changi ng
t enperature—or fabrication processing. It is also desirable to construct
he anplifier outrhekeCMA deVhELS rlalthWs havd Nadvanit8gell Yo theas 5
he input signal. It is further desirable to provide such an anplifier with
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pover suppl pettiet Uahderstddd by rdfledenddiltofuthler sdesotiabge that the
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wherein:

FIG. 1 is a block diagram of the components
forming the optical isolation amplifier housed within

10 a conventional dual in-line package;

FIG. la is a schematic diagram of adjacent die on

a semiconductor wafer used in fabrication of the
amplifier;

.

FIG. 2 1is a block diagram of the sigma-delta

15 converter, encoder, current source, and off-chip LED of
the amplifier;

FIG. 3 is a semi-schematic diagram of the encoder;
FIG. 3a 1is a semi-schematic diagram of the
oscillator circuit for the encoder of FIG. 3;

20 FIG. 4 is a block diagram of the light detector
and optical recovery section on the output chip of the
amplifier;

FIG. 5 is a semi-schematic diagram of the decoder
and digital-to-analog converter on the output chip of

25 the amplifier;

FIG. 5a is a semi-schematic diagram of the timing
circuit used within a component of the decoder of FIG.
5; and
FIG. 6 is a semi-schematic diagram of the analog
30 output filter on the output chip of the amplifier.




" The present invention provides an optical isolation anplifier package
whi ch. possesses all or sone of t hese desirabl e characteristics and
whi ch 20 conveniently fits within a conventional 8-pin DI P. The optical
i solation anplifier package includes an input chip having a signma-delta
anal og-to-digital (A D) converter foryeconverting an analog input signal to
a digital signal. The sigm-delta converter is used to 25 nodul at e an
of f-chip LED which optically transmts the signal to a photodetector on a
separate output chip having,__an ccurate opti.cal ., recovery. section
for reproducing %%QQKF%ﬂ%niF?engggnaﬂf AL c&ﬁﬁﬁ3%§j(ﬁF?}ﬁg%ﬁHput chip
Is a digtamslhbdr tpackadodl (A¥Arding tediherpmysdror oremetiomg t he
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hher ei n:  Flimput jehip bl dhedtzgngmidt inge eadnpbnehesamplifier and
includes input pads Sa, 5b to an analog-to-digital
(A/D) converter 7 connected in series with an encoder
10 9, a current source 11, and an off-chip light-emitting

diode (LED) 13. The output chip is the receiving end
of the system and includes a photodiode 15 coupled to

an optical recovery section 17, a decoder 19, a

digital-to-analog (D/A) converter 21, and an analog

15 filter 23. The output of the isolation amplifier is
delivered through output pads 25a, 25b. In an
exemplary embodiment, the input chip measures
approximately 1.1lmm on a side, and the output chip
measures approximately 1.5mm x 1.1lmm. The entire

20 arrangement is preferably housed in a conventional
8-pin dual in-line package.

In operation, the optical isolation amplifier
takes an analog electrical input voltage at the input
chip and transmits the electrical input optically to

25 the output chip. The optical signal is then converted
on the output chip back into an amplified electrical
signal substantially the same as the analog input
signal. The amplifier also provides isoclation between
its transmitting and receiving ends.

30 The input and output chips 2, 3 are preferably
fabricated from adjacent die 27, 28 on the same

semiconductor wafer 29. With this fabrication

technique, the components on each chip will presumably
have similar process variations and will react
35 similarly to temperature variations. Thus, the analog
badgap reference voltages (Vpu, Vpgm) for each chip

produced by input chip and output chip reference
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Ydual in-line package; FIG la is a schematic diagram of adjacent die on a
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& consistent over temperature and process. This tracking
substantially increases the accuracy of the overall
system. . '

Referring to FIG. 2, a differential analog voltage
10 Ve — Vo is applied to input pads Vg, 5a and Vg Sb.
Preferably, the V, pad is tied to ground, and the Vi,

pad swings positive and negative with respect to V.

The amount of swing is typically no more than % 200 mV.
Each input pad preferably contains a p-channel
15 punch-through device 30 to protect internal circuitry
against electrostatic discharge transients. The
p-channel device is preferred over a conventional
n-channel device because the p-n junction of the
p-channel device is reverse-biased when the voltage on
20 the input pad is brought below ground. Conversely, the
p-n junction of the n-channel device is forward-biased
when the input pad is brought below ground. Because of
reverse-biasing, the p-channel device greatly reduces
substrate current and increases the accuracy of
25 sampling into the A/D converter.

Each input pad also preferably contains a clamping
circuit 32 for clamping the input voltage at
approximately -0.5 V when the pad swings below
approximately ~0.5 V. This clamping operation prevents

30 substrate current from flowing through the CMOS
circuitry contained in the amplifier and allows for
signal input below ground without DC biasing or
rectification circuits which require added power and
introduce error into the amplifier.

35 The input pads are coupled to the input nodes 33,
34 of a sigma-delta (A/D) converter 7. The sigma-delta
converter translates the differential analog input




Referring to FIG 1, the optical isolation anplifier package 1 according to
¥the present invention includes a first CMOS integrated circuit (1C chip 5
§(input chip) 2 and a second CMOS I C chip (output chip) 3 coupled only by an
optical transm ssion path 4. The input chip is the transmtting end of the
anplifier and includes input pads 5a, 5b to an anal og-to-digital (A/ D)
converter 7 connected in series with ad encoder 10 9, a current source
11, and an off-chip light-emtti,ng.di ode ED) 13, _The output chip is the
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optical recoviemg-seetaga Malum derogertid®nai diogi tlad - boradre ofnpdt A)
converter 2 n a 15 filter e qutput of the isolation
nplifier iiv%gﬁgggfedqﬁkggbéhtgﬁt6t¥&%§3%§%5agyeZgéﬁ%erter 10PYYS an
xenpl ary nrodesi apat¢couplhe toitipautdif férentiakasnpessappr oxfnafely 1. 1mm
n a side, det out ' asw¥ﬁ% | ely,, 1 X 1mm
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anplifier also provides isolation between
10 established through negative feedback 1loops 36, 38

coupled between the output node 40 of the comparator

and the differential inputs of both I, and I,. The

output of the comparator switches either a precision

analog voltage Vg or ground back to the integrators

15 I,, I,. The switching of the comparator alsc produces

the digital pulse stream output of the converter at

node 40. For a more detailed description of the layout

and operation of exemplary differential sigma-delta

converters, refer to an article entitled "The Design of

20 Sigma~-Delta Modulation Analog-to-Digital Converters" by

: B. E. Boser and B. A. Wooley appearing in the IEEE

% Journal of Solid State Circuits, Vol. 23, No. &,
December 1988.

In a preferred embodiment, the integrators I, and

25 I, each contain chopper stabilized operational

amplifiers 42, 44 and precisely matched switched

capacitor circuitry 46, 48. For a detailed description

of an exemplary chopper stabilized operational

amplifier used within an integrator, refer to a paper

30 entitled "A Low-Noise Chopper-Stabilized Differential

Switched-Capacitor Filtering Technique" by K. C. Hsieh,

et al., appearing in the IEEE Journal of Solid-State

Circuits, Vol. S8C-16, No. 6, December 1981. The

chopper stabilized operational amplifiers 42, 44 are
35 desirable because they push DC offset producing noise
into higher frequencies out of the baseband of the




Its transmtting and receiving ends. 30 The input and out put chips
42, 3 are preferably fabricated fromadjacent die 27, 28 on the sane
j{sem conductor wafer 29. Wth this fabrication technique, the
conponents on each chip will presumably have simlar process variations
fand wll react 35 simlarly to te%ﬁerature variations. Thus, the
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noise due to signal-dependent charde injection can also

10 be minimized, further increasing the overall accuracy
of the sensor.

The use of a sigma-delta converter within the
‘ isolation amplifier provides several desirable
features. It will be appreciated that the sigma-delta
15 converter uses a high oversampling rate which provides
accurate A/D conversion and a relatively large input
bandwidth of 50 kHz to 70 kHz without the use of
expensive and bulky anti-aliasing filters. The fully
differential configuration of the converter also
20 provides a high common mode rejection which
substantially reduces noise to first order, resulting
in increased accuracy of the overall sensor. Moreover,
such converters occupy a relatively small amount of
space and are relatively easy to fabricate on a CMOS

25 chip.

The digital pulse stream output from the
sigma-delta converter encodes the analog input signal
in a pulse density modulation format. 1In pulse density
modulation, the amplitude information of the analog

30 input signal 1is contained in the density of output
puises generated during a given interval of time. The
lowest and highest amplitude of the analog signal are

each represented by no pulses within the interval. The
lowest amplitude of the analog input voltage is
35 indicated by a continuous low (zerc) output over the
interval. Conversely, the highest amplitude of the
analog input voltage is indicated by a high (one)

PININES s




{ 15 . punch-through device 30 to protect internal circuitry against

el ectrostatic discharge transients. The p-channel device is preferred
over a conventional n-channel device because the p-n junction of the
p- channel device is reverse-biased when the voltage on 20 t he i nput pad

i s brought bel ow ground. Conversely,the p-n junction of the n-channel
device is forward-biased when the input pad is brought bel ow ground.

Because of of@yRkS@viRiratined, i dtiae-wRriChange k- nde WA idhRR! mbvierd substrate
current and increases .the accuracy_of sanpling into the D

25
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converter ttrhaenili%;eegvter}%g%i ]:)]}e{:ﬁgté:ﬁl;i@g]flgtglégps%réam _mgay: become
distorted when optically transmitted due to the
10 inherent nonlinearity of the light-emitting diode 13.
This pulse width distortion results in an error
component being formed at the output chip 3 (receiver
Q end) of the amplifier which could be unacceptable for
precision applications. To prevent this distortion,
15 the digital pulse stream from the sigma-delta converter
is edge-encoded by the encoder 9 coupled to the output
40 of the converter. For every edge in the digital
pulse stream which enters the encoder through input 50,
the encoder sends a pulse from the encoder output 52 to
20 the input 54 of the constant current source 11. The
current source output 56 accordingly supplies the
off-chip LED 13 with a supply current sufficient for
the LED to produce an optical signal. By edge-encoding
the signal input to the LED, no pulse width distortion
25 error will occur to the signal from the nonlinearity of
the LED.
| An exemplary edge-encoder circuit 9 is shown in
FIG. 3. The edge-encoder comprises a synchronous edge
detector 58 and a high-state pulse stretcher $9. The
30 digital pulse stream enters the encoder through input
node 50, which is coupled to a first D flip-flop D1
within the edge-encoder. The Q output of D1 is coupled
to the D input of a second D flip-~-flop D2, and to a
first input 60 of an exclusive OR gate XOR. The Q
35 output of D2 is coupled to a second input 62 of XOR.
D1 and D2 are each clocked by a noninverted square-wave

clock signal ECLK from a voltage controlled oscillator




‘proportional to the anal og i nput voltage. Wthin the converter, the
converter input nodes are coupled to the differential inputs 35 37 of 5

a first integrator I[err]. The outputs 39, 41 of I[err] are connected to
the differential inputs 43, 45 of a secgnd integrator I[err]. The
differential outputs 47, 49 of I[err] are separately connected to the

i nputs 51, 53(efon pmmarai)or Gires rdut grere dhaake cxmtrlcﬁ cmd;kniéut&te Lonverter
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pulses are sent to the toggle flip-flop (FF) circuit

( voltage into a digital pulse stream having a timnme-average val ue

110 in the decoder 19 (FIG. 5), discussed in more
detail below, which changes state on the rising edge of
each pulse. Every time the input data changes state,

15 the encoder generates an output pulse, which is
transmitted to the output chip and causes the toggle FF
circuit to change state. Because the toggle FF circuit
is sensitive only to the timing of the rising edges of
the pulses, any pulse-width distortion of the

20 transmitted pulses is ignored by the decoder circuit
and does not affect the transmitted data.

If the digital pulse stream into the encoder
contains more than one "high" signal in a row, the
high~-state pulse stretcher 59 generates stretched

25 pulses to the constant current source which delivers a
current to the LED for a time corresponding to the
stretched pulse. This stretched pulse allows the
decoder on the output chip of the optical isolator to
"lock on" to the digital signal and assume correct

30 signal phase.

The high-state pulse stretcher 59 comprises a NAND
gate NAND2 and a pair of matched D flip-flops D3, D4.
The digital pulse stream from the sigma-delta modulator
at input node 50 is applied to a first input 70 of

35 NAND2. The second input 72 to NAND2 is coupled to the
Q output of D1 in the edge-detector circuit 58. The
output 74 of NAND2 is applied to the D input of D3.




o. *an- exenplary chopper stabilized operati 9nal anplifier used within

af integrator, refer to a paper 30 entitled "A Low Noi se Techni que” by
er-Stabilized Differential Swi t ched- Capacitor Filtering Cﬁrcuits

K ng Hsieh, et al., appearing in the | EEE Journal of Solid-State :

bilized operational

- . 6, Decenber 1981. The chopper sta _
X liif?grg622 h24 are 35 desirabl e begause they push DC ofgg?taﬁ;FSSC|ng
noj se into hiéher frequenci es out of the baseband of the -

: . ed.to filter
i nput vol t age. The ACLui pas tplwelrreé@ﬂyéﬁgt\lgé Qﬁgeibg&g‘iégg#g ?hg%
ouf the noise RELROBEMIwEW O s 3%V)’dCC§?1§t§ ég%gpﬁgpf@g is peusied ched
bandut dt hs of |%§é§15§ff>oﬁ?=%§'t;ﬁ>§o gré%i fhbbefbepanseant rRduass §§§'§1&i vity
capaci tor inplemente - alternative
cohver tar conf Lauat i one vt B pr ettt CERTARRRC Borpe” simaainas it se due
CO‘Ve”%lr gon% i a‘;%%}rs%e\/\r :ﬁJégkegﬁi@mlalEm.MOfrom becoi Qif*ﬁc;z.edaa)f.ul” her
tolsignal -dep e of a sigma-'delta
| ngreasing L hemay éﬂdt;ﬁﬁﬁ%?"; %ceasnt)glbﬁﬁlghsq{opr%ecfgérd SdiR4tal 78 afesirabl e
converter wthj e 180 .
fehtures. It {HA:}{Dt}Ee a%lb?eepgpgg 7RatNANRS signeedpléd to the output
node 52 of the encoder circuit and’ to-the input 54 of
the constant current Source 11 (FIG. 2).

; 10 The longer pulses are detected by a dual one-shot
(two-shot) circuit in the decoder 19 (FIG. 5) and are
used to set the toggle FF circuit 110 (FIG. 5) to the
correct state. With this type of encoding, if the
sigma-delta output is in the high state for more than

15 one clock period, the decoder will detect this and set
the toggle FF circuit to the high state. 1In addition,
because only short pulses are sent for edges that
correspond to low levels of the sigma-delta output
signal, if the sigma-delta output is in the low state

20 for more than one clock period, the decoder will also
detect this and set the toggle FF circuit to the low
state.

Referring again to FIG. 2, the constant current

source 11 further minimizes noise by reducing the

25 change in power-supply current caused by the switching
of the LED. When the current is not flowing to the

LED, it is diverted to ground through a pass transistor

(not shown), instead of being switched off. This
prevents power supply fluctuation as a constraint on

30 the overall sysfém and minimizes sSupply noise as a

detrimental effect to the accuracy of the isolation
amplifier output.

Referring to FIg. 4, the transmitter LED is
| optically coupled over a gridded optical shield 80 to
L35 the receiver photodiode 15, The anode of the
photodiode is connected to ground. The cathode of the
photodiode provides photodiode current to the optical




15 converter uses a high oversanpling rate which provides accurate A/D
conversion and a relatively large input bandwi dth of 50 kHz to 70 kHz

wi t hout the use of expensive and bul ky anti-aliasing filters. The fully
differential configuration of the converter also 20 provi des a high
common node rejection whi ch subsigntially reduces noise to first
order, resulting in increased accuracy of the overall sensor. Moreover,
such convertgg$, 0sedBy eyl &etitiival V1 BNef | tRBDURIcedvesPanfl anduBpet
relatively easy to fag%icate ﬁg.a CMOS 25 chip. The digital pulse
stream out P} rot “PRe2BPYM18Erta converter encodes the anal og i nput
signal in a pul serfensigticaiduratoveryoseattidm pul sepdentides neHal ati on,
the anplitude information, of the, analog 30 I pput . sigpal is cgptained in
the density %ﬁC%%?éut&bﬁﬁggg ggﬁg?attﬁgﬁurFﬂﬁ a1§P98n eﬁ%Brval ggetine. The
| owests and hpighesiiadpl i tureent tie appldedsi gwal aareraashmpedansent ed by
no pul ses within.the_ interval. I st_ampl ityde.of the al I nput
voltage is ﬁmp?l%ﬁaf‘cgtzeoa%é/ gnggﬁt P%\églusoqagg\[}v&‘% zg?o)too Ib%?&g%eggt he

| nterval . &ovpet sgbil tagee Wi ghdst dnpickiimde wffetenematoytageuatvol t age

F | ndi cat edy oy 2580+ G08Chutpud! BY,, 3P0 ¥hd NLSEYRE1 £, thng P! i tude

s

ves away .
voltages are applied to a delayed decaying voltage

l 10 divider comprising resistors RTH1 and RTH2 and a
\ capacitor CTH to produce a threshold voltage Viy. In an
@ exemplary embodiment, V, will be O volts AC when no
current flows from the photediode, and V, will rise to
approximately 400 mV AC when the photodiocde 1is
15 activated by light from the LED. The threshold voltage
Vyy follows the movement of V,. The output terminals
86, 88 of the optical recovery section are connected to

the inputs 92, 94 (V,, Vyy) of the voltage comparator

90. The exemplary comparator operates such that its
20 output generates an ON-signal when the voltage V, at
input 92 is more positive than the voltage V4 at input
94. Thus, the comparator output switches whenever the
relative voltage at its input reverses polarity.

The optical recovery section allows for fast

25 switching of the comparator 90 to reproduce the encoded
digital signals. This fast switching increases the
overall speed of the isolation amplifier and allows
continuous sensing of the differential input voltage to
the amplifier. For a more detailed description of the

30 optical recovery section of the optical isolation
amplifier, refer to U.S. Patent No. 5,061,859.

A significant difference between the optical
recovery section of the present invention and that
disclosed in the patent is that the gridded polysilicon

35 photodiode shield 60 is connected to ground in the
present invention, instead of being driven by a unity

s
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of the signal is eliminated. The output signal from
the comparator gg is applied to the DATA input of a
15 dual one-shot flip-flop (two-shot) T1 and an inverter
100 within the decoder 19. The output of the inverter

input 104 of 3 time delay inverter circuit 102. The
CLEAR output of the two-shot jis connected to the PN
20 input of a first D flip-flop D5 and the CN input of a
Second D flip flop Ds which is identical to D5. D5 and
D6 form a toggle flip-flop circuit 110. The PRESET
output of T1 isg connected to the CN input of D5 andg the
PN input of ps. The output 116 of the time delay
25 circuit 102 is connected to the clock inputs of both D5
and D6. The QN output of D5 ig coupled to the p input
of D5 and the ON output of ps is connected to the D i
input of ps. The Q outputs of ps and D6 are applied at
output nodes 124 and 126 as differentia} input to a
30 conventional H-bridge D/a converter 21. The pPreferable

35 The operation of the decoder is as follows. The
Ccomparator C1 Squares up the difference Pulses between

its inputs 92, 94 to true digital levels, whereupon




‘% detector 58 and a high-state pul se stretcher 59. The 30 digital pul se
streamenters the encoder through i nput node 50, which is coupled to a
first Dflip-flop DL within the edge-encoder. The Q output of Dl is coupled
to the Dinput of a second Dflip-flop D2, and to a first input 60 of an
excl usive OR gate XOR The Q 35 output of D2 is coupled to a second
i nput 62 of XOR D1 and D2 are each cRécked by a noninverted square-wave
cl ock signal ECLK froma voltage controlled oscillator, -12- (VCO (FIG
3a). The outpeY BaAs§f thorups EgﬁpﬁééltB“S’FPP§tTPnEGPséétéPgaOQAND gat e
|f\|AND1-VC'|O'h((3Fi%ﬁog@aitép_tli_btéﬁtai' Blhgga ?Q@ﬁkﬁfétandélﬁ\élﬁtb@d cfSrQCKc&isgna:c_ ECLK
rom a). e _out put o] is upl eq t .the first
Ut 76 of £ TREEEeP RN AT GErE HRNEEI RS G 0 R AN | s
coupl ed to theei BuanS4nalivebeenatnstapt-apr iantheoincertactFl(&802). The
encoder circuit rks on th [inci edge-en ing., | enerates an
)utp&? pulsgu 59%8 gPﬁgiO Sgag?éingegﬁd%Pgllgﬁag%ggg d$5?$e31 pu? dat a.
Those pul sestae&chedt higltt hputsgglia fit p- &sotesEE)ihEd cabevd10the t he
Jecoder 19 di i t gl hel ' state on
ghe rising égég S’?)aggch pul se. E%éér]}';é?i ?fg ?ﬁge%rfpu %\Qﬁggghg%gggﬁgtate,
E goes low, forcing one D flip-flop .output low and the

i other high. This action sets the output data polarity
| 10 correctly. Similarly, if a period of no incoming data
pulses is observed, the low-state detector in T1 fires,
and node CLEAR does low, setting the dual flip~flops in
the opposite state. If the incoming data 1is, for
example, a 50% duty-cycle sguare wave (not stretched
15 pulses), the dual one-shot does nothing, and nodes
CLEAR and PRESET remain high. The squared-up pulse
data then clocks the D flip-flops which are set up to
toggle for each pulse. The output nodes 124, 126,
therefore, toggle on every rising edge of the incoming
20 data corresponding to each transmitted pulse of the
original data from the sigma-delta converter. The
original unencoded sigma-~delta output data is now
recovered.
; The precise interaction between the encoder 9 and
25 decoder 19 is further augmented because the two-shot
timing circuit (FIG. 5a) is designed to track the clock
period of the voltage-controlled oscillator (FIG. 3a)
on the input chip. This tracking, as described in
detail below, substantially increases the accuracy of
30 the overall optical isolation amplifier.
The conventional voltage-controlled oscillator VCO
for the encoder circuit (FIG. 3) is shown in FIG. 3a.
The VCO has a symmetrical design and produces a square
wave output at nodes 198, 200 with a duty factor of
35 approximately 50%. A current source I,,, referenced to
Vgerir 1S connected to the sources 154, 156 of the p-
channel transistors 158, 160 within a pair of CMOS




11. .the encoder generates an output pulse, which is transmtted to
t e output chip and causes the toggle FF circuit to change state. Because
thHe toggle FF circuit is sensitive only to the timng of the rising edges
off the pul ses, any pulse-width distortion of the 20 transmtted
pul ses is ignored by the decoder circuit _and does not affect the
triansmtted data. If the dlgltal pul se™ Ydfream into the encoder contains
noye than one. "hi [ in a ro t he_hi l's r et r 59
geher at es stréPBﬁg&e§§ 1 %puﬂs eo%%ﬁgginfég ?g%t goi%gec%ﬁ%bh
delivers a cuihe&ttbmstbeeLEBumdmdaabrmEscarce$panapmgcoscthan@tme@ched

pul se. This ret I o] o] ut_chip of
the optical i §af Ealt (;%r ?{}’%%tl ocktscgnt‘ﬁ% Rﬁln\w@t?ﬁtﬁ 9&% a;i?l%me fgorrect
BON Si gnal phpaér tmemaqtgheétgper@nig@attaxmbhéxem cvgtr,prqpsae.s ZhAND gat e
INAND: PAbG gbe%tl ed BJdP-T19PS DB7 6 Dlogr Thend! Oigkalratillpa St eam
fr@n1the S|g e | ator at input node 50 1's app to a first input
70! 0f 35 NARPRiLipEs feoRPEhmRNTECE NP R Y%l%%ﬁfbl ggureet He«-Q out put

?f Pﬁ i B t he ?QQGOQQEJ@@ Q"78Cb"fCUh§. 98- corlhecosd Pt of & i6fs tNAMF:H S e3ppl i ed
o.the ' npu foa first NOR gate NOR1. The output 180 of 0OA2 1is

! connected to a first input 184 of a second NOR gate

10 NOR2, electrically matched with NOR1. The outputs 186,
188 of NOR1 and NOR2, are cross-coupled to the second
inputs 190, 192 of NOR1 and NOR2. The respective

outputs 186, 188 of NOR1l and NOR2 are each connected to

the inverters 194, 196. The output 198 of the inverter
15 194 is the clock signal ECLK to the encoder (FIG. 3)

and the output 200 of inverter 196 1is the inverting

clock signal ECLK to the encoder (FIG. 3).

‘ It should be noted that three primary factors

determine the period of oscillation of VCO: the

20 amplitude of current source Iy, the value of capacitor
COSC, and the comparator threshold voltage V;y. Ig, a@s
well as Vo4, is referenced to the internal precision
voltage reference Vg to obtain very stable and
predictable frequency characteristics.

25 Referring to FIG. 5a, the timing circuit for the
two-shot T1 is shown. Two-shot T1 consists of
one-shots T1A and T1B. The DATA input of Tl is coupled
to first input 202 of OR gate ORA and to the gate 204
of an n-channel MOSFET 206 in T1A. The source 208 of

30 the NMOS is connected across a voltage source Vi; to the
noninverting input 210 of operational amplifier OA3.
The drain of the NMOS is connected to the inverting
input 209 of the operational amplifier OA3. A
capacitor CCL is connected between the source 208 and

35 drain 212 of the NMOS. The power source for T1A comes

from current source I, derived from the second chip




e CLK input to D3 receives the inverted clock signal ECLK from VCO (FI G
). The Qoutput of D3 is coupled to the Dinput of a Dflip-flop D4 and
the second input 77 of NAND3. The CLK input to D4 receives the 5

ni nverted clock signal ECLK fromVCO (FIG 3a). The Qoutput of D4 is
upled to the third i nput 78 of NANDS. The output 79 NAND3 is coupled to
e out put node 52 of the encoder circdig-and to the input 54 of the

nstant current source 11 (FIG 2). 10 The | onger pul ses are
ritected by aredfiatrenne- shatagewsosirate) Wik cui Thien dutputecokeroiothel G 5)
and are used to sef.the.t l.e FE circuit 11 I 5 o.th rrect
st.at e. \NtrP?ﬁF%Ef?B%lo%%%&ggﬁﬁﬁLlsi?é?%%gg%gnggﬂﬁt%ﬁ%éﬁ%ugnggin t he
hilgh state foziepoé thanOR5gateone Theockutpart ol 8 thie theeodRrgatkl idet ect
this and set e FF . cirapit ot hi,gh ate. .l j.additi on, because
only short pu+£§g£§g%ésggttﬁ%r6§§é§s8F%E§tcg?rg?%b%gofo%ﬁdM/Ievels of the
si gma- del t a out put Thegeperation rndilprewtelafs seaong one-isthotth@1Bowsst at e 20
for more thansaﬁstshe%m?r L9 16ke rdeqader dddp@l ere dehset £Bi §18nd set
the toggle FF circuit to the low state. Referring again to FIG 2, the

constant currift tBeuMNPATA (instRAd nPhi RRTRY AR he rBlecFKg-Ehetas
change in powei; SHAR! ¥heUifpute Fesad 1B tie Siet eRESET ObutpatLEPom Wen

the current | 5 oL, LLoWNg 68, Lhe LED cLL.L9edlverlad Lo pIgugd bikouon @

10 (instead of CCL), and the current source used in T1B is

Q0 =05~

I (instead of Ig).

The two-shot timer circuit is designed so that its
timing period tracks the clock ©period of the
voltage~-controlled oscillator on the input chip.

15 Similar to the oscillator, three primary factors
determine the timing period of the two-shot circuit:
the amplitude of the current sources I, and I,, the
value of the timing capacitors CCL and CPR, and the
comparator threshold voltage V. As in thé

20 voltage-controlled oscillator, I, Iy, and Vo are
referenced to the on-chip precision voltage reference
Veerr to obtain very stable and predictable timing
characteristics. Because the primary timing factors of
the voltage-controlled oscillator and the two-shot

25 timer are matched, the two circuits will track one
another with changes in temperature and process IC and
provide accurate decoding of the sigma-delta output
data.

The output signals of the flip-flops containing

30 the recovered digital data then pass into a
conventional H—bridgeiD/A converter, also shown in FIG.
5, comprising a pair of coupled CMOS inverters 130,
132. The outputs, SDA and SDB, of the circuit switch
between two precision analog voltages Vg, and Vipesx3.

35 In this way, the digital data at nodes 124 and 126 is
converted to analog data with the same duty cycle. The




‘1not shown), instead of being swtched off. Thi s prevents power
supply fluctuation as a constraint on 30 the overall system an
m nim zes supply noise as a detrinental effect to the accuracy of
i solation anplifier output. Referring to FIG 4, the transmtter
optically coupled over a gridded optical shield 80 to 35 t he
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Referring to FIG. 6, a four-pole RC-based filter

that feeds two chopper-stabilized operational
amplifiers OAA, OAB is shown. Both input and output
common-mode ranges are within approximately one volt of
the power supplies.

The differential analog output signal from the D/A
converter 21 is applied to differential input nodes
250, 252 of the filter 23. The node 250 is connected
to a series of four resistors ROA, R1A, R2A, and R3A.
The node 252 is connected to a series of four resistors
kOB, R1B, R2B, and R3B, each preferably having a
resistance the same as the corresponding resistors
connected to node 250. Two shunted capacitors, C@A and
CoB, preferably having the same capacitance, are
connected between nodes 254 and 256. Two more shunted
capacitors C1lA and C1B, preferably having the same
capacitances as COA and COB, are connected between
nodes 258 and 260. Node 262 1s connected across
capacitor C3A to ground and to input Vy, of an
operational amplifier OAA. Node 264 1is connected
across capacitor C3B, preferably having the same
capacitance as C3A, to ground, and to the input Vp, of
an operational amplifier OAB. In a preferred
embodiment, OAA and OAB are matched and are
chopper-stabilized to achieve very low offset levels.
The output Vo, 0f op amp OAA is connected to node 266,
which output is fed back to node 270 at the input side
of OAA. Similarly, the output Vg, ;0f op amp OAB is fed
back to node 272 at the input side of OAB. The outputs

lied to a
H1 and

| ows from



v or oxi mately 400 mv AC when the photodi ode is 15 activated by |ight
““tgqom the LED. The threshold voltage V[err] follows the novenent of V[err].
- THe output ternminals 86, 88 of the optical recovery section are connected

tqg the inputs 92, 94 (Verr], V[err]) of the voltage conparator 90. The

exenpl ary conparator operates such thapgits 20 out put generates an
ON-signal when the voltage V[err] at input 92 is nore positive than the
vol tage V[erw} atahd 43,reThusso idte e &Icorou(ttputu agw behesnahenever

the relative ge at Lt s .i nput ers ol arity. The optical recovery
section allo&égfor FREFTINCLY s téﬁl U%P EEh ?Eéhparator 90 to reproduce
t he encoded digitat swibal e aﬂpmfedlattedsvwnahl ngo | RUreRsRs fhewaveral |
speed of the_jsaqlati er and. a cont j nuaus .sensi.n of the

T rerent i ar SPRSHER, aThgB s B PRRIFF PP e, Sobhd RN Shied
descriPpti on Theyhead® usexpt iteal driveovakdy ameictoea of tImsypt thaly

sotation amBhhtEehuctels! of ol SoPBlEndihe HAMBT oA S LA Lcan

di fference between the o recovery sec rese ention
and t hat dlseubséﬁ|pad9m£§ateﬁ5hssthéSOth@hﬁlfﬂ&&Vpdhﬁﬁerenﬁna35

phot odi ode S'ﬂh§EQt6Qf' eheoaa%h@&i b9 gbguneomew@rpﬁgseahdi BY§RELON,
| nstead of bgg engﬂégeghaz Sb#gé sSupply noise and other common mode
10 effects do not affect the accuracy of the differential
output signals at the output pads 25a, 25b.

It will further be appreciated from the foregoing
description that the differential output signals at the
output pads will be 1linearly related to the analog

15 input signals which entered the input pads, 5a, 5b on
the input chip.

Although a detailed description of a presently
preferred embodiment has been set forth, it should be
apparent to one skilled in the art that alternate

20 embodiments exist which do not depart from the spirit
and scope of the present invention. For example,
various types of edge-encoders and decoders may be
used. The analog filter, D/A converter, and the
reference voltage generators used may be readily

25 tailored to meet specific noise and gain requirements
of a particular application. Also, the entire optical
isolation amplifier may be housed within DIPs with
varying numbers of pins.



ke
gain buffer. This shield picks up stray electrical signals and delivers
themto ground, thus preventing the stray signals fromcreating noise. The
Eield to ground, instead of to a unity gain 5

connection

buffer, erHl\"ﬁﬁﬂ[aﬂ Ht, ﬂyﬂ/sol ation node rejection in the present

I nvention. *Thus, .t er side of the anplifier maintains increased
accuracy. Referring to FI'G 5, the conparator 90 (FIG 4) is coupled to a
decoder circuit 19 which reads edges of 10 t he signals encoded by the

encoder 9 on the input chip. By |ookinglat only the positive edges of the
pul ses, pulse width distortion due taathe optical transm ssion of the

signal is elinmnate t L.gn a . s applied
to the DATA igbup Ognapq%}@%fﬁiﬂﬁf%&%%?gﬂ%@i{f%%ﬁ¥ﬁ%ﬁ?§ tw%géggf%9$%'and an

i nverter 100 @ft HPRUEhENdBcdddr PRYInghBeRRE plif /B fRE FAVEREENAONis
applied to thanhDAJAihpRtt sDdndll wd tdigikali BRghalP4aolignt | seuesd ay

I nverter gircuit 1 . . 3 t.l n ed to
the PN 20% ??hﬁu?ggfOEIF??£%§%¥%#%%éﬁﬁééggD&Hgngwghgggmf%%%%fpdﬁgg second
Dflip flop DenwhkERutschienf?tadratingns mepysakdSheIPsr Arhetoing cthe i p-f1 op
ci (r]I cuiht é&lo_. op{'ﬂ@?f’g%SEﬂ-a%ﬁMed)fdiﬁltgi fé@@ﬂ&ﬂ:t?énﬁomléﬁﬁs C{s\LénmJ)_t of D5
and the i nput. 9 s out put t he. ela . ircuit
102 i s connect&§ F8n{’ﬁ’ét%:ﬁ’%c§h? n%‘gtflscatj)lf]lyborﬁnﬁglg%gng}g%aelzd\f%%ﬁﬁput of D5
i s coupl ed toinke Bnj apalodf ombPahdsidN2lQeuhntintist Lporrerenhitdled to the
D 10 to the analog input signal.

2. The optical isolation amplifier package of claim
1, wherein the means (7,9) for converting the analog
input signal to the digital signal comprises a sigma-
15 delta converter (7) comprising chopper-stabilized

operational amplifiers (42,44).

3. The optical isolation amplifier package of claim 1
or 2, wherein the means (7,9) for converting the analog

20 input signal to the digital signal comprises an edge
encoder (9).

4. The optical isolation amplifier package of claim
3, wherein the means (19,21) for converting the

25 transmitted digital signal to the analog output signal
comprises an edge decoder (19).

5. The optical isclation amplifier package of claim
4, wherein the edge encoder (9) comprises an oscillator

30 (VCO) and the edge decoder (19) comprises a timing
circuit (TIA) which tracks the oscillator (VCO).

6. The optical isolation amplifier package of any
preceding claim, wherein the input chip (2) and the
35 output chip (3) are both cut from a single semiconductor



of D6. The Q outputs of D5 and D6 are applied at output nodes 124 and

ahs differ | ' 30 conventional H-bridge DA converter
#21. ;B The pref am “l“!mﬂmlmnllt puts fromtw matched D flip-flops provides
supefior singlesended td® dffferential signal conversion as conpared to the
use f two outputs Q QN fromthe sane flip-flop. 35 The operation
of the decoder is as follows. The conparator Cl squares up the
di fference pul ses between its inputs 92, 94.to true digital levels,
wher eupon -16- they pass through the duaF one-shot T1 consisting of a
| ow- st at e det ect orafard @i gLt 8rgetOthonoussdatsat §1nPerr S8R tRs
correct polarity pifnd lfackdgputigata in case of an inadvertent start-up in
the incorrect (180[err] 5 out - of - phase) state. If the incomng
data has a stretched high pulse in it, as described above, the high-state
detector inside TA- fir&he aertinvsde W%e@%&fﬁ%r@?ﬁbaaﬁe B FARY-fl op
out put |ow angl t he-ddddnghi ghainlhi @hacéimn thet sidher oghppt 02 afpekherty 10

correctly. Simlarly,. if a period af. i ] (o] ved,
fhe Tow state dereieies Fa rpEE i Besst R Bl Gt Aty ﬁé?i he
dual flip-flops iand Hdeogpsphteckimt@@) fUrtheReCPPREYRSY AThORLPYE chyp

reference voltage generator (29) matched with the input

chip reference voltage generator (27).
10
8. An optical isolation amplifier comprising: input
pads (5a,5b) receiving an analog input signal; a sigma-
delta converter (7) coupled to the input pads (5a,5b)
for converting the analog input signal to a digital
15 pulse stream; an encoder (9) coupled to the sigma-delta
converter (7) for converting the digital pulse stream to
edge~encoded digital signals; and an optical transmitter
(13) receiver (15) coupled to the encoder (9) for
transmitting an optical signal indicative of the digital
20 signal over an optical channel and detecting the
transmitted optical signal.

9. The optical isolation amplifier of claim 8,
further comprising: an optical recovery circuit (17)

25 coupled to the optical transmitter (13)/receiver (15)
for converting the detected signal to a digital output
signal substantially similar to the digital signal; and
a digital-to-anélog converter (21) coupled to the
optical recovery circuit (17) for converting the digital

30 output signal to an analog output signal 1linearly
related to the analog input signal.

10. 4 method for sensing signals 1in a system
comprising the steps of: providing an optical isolation
35 amplifier having an input chip (2) including a sigma-



exanpl e, a 50% duty-cycle square wave (not stretched 15 pul ses), the

dual one kg, and nodes CLEAR and PRESET remai n high. The
squared uamﬂlmﬂﬂimm,mw clocks the D flip-flops which are set up to

| e for *eac¢h pulse.s " «The output nodes 124, 126, therefore, toggle on
every ri sing edge of the incomng 20 data corresponding to each
transmtted pul se of the original data fromthe sigma-delta converter.
The original wunencoded signa-delta output data is now recovered. The
precise interaction between the encoder 9 and 25 decoder 19 is further
augnent ed because the two-shot timng circuit (FIG 5a) is designed to
track the clock period of the voltage-controlled oscillator (FIG 3a) on
t he i nput X __ra. Ressldbe e
substanti a F)i/e?nc??—eggs sttfhgiigggﬁrla%? of 3C§élb pﬂne gie?%* Po%??’@aﬁ i sol ation
anpl i fi er. t¥hanc ekt oHEiP voB 1 agpagsangolanedrisked | e brag@OLnBrtt he

encoder ci !-,Elg'hhl(':iﬁ%o3)t}té s H b @mp’i&ff@*}e VEBnkastangy MARL! i cal
desi gn and pro uces .a square wave output at nodes 198, 200 with a duty

factor of 383109,¥SlEa0eagnadookC® A PaMradt toRiced19EFal  PREFBFenced to
V[err]s lShaonn@ceectima-tmm cesludisubblantibheypequanng transistors

158, 160 m‘thi Jgataqe 9¥E§t signal; and modulatlng a light-

emitting diode {13) with the digital pulses.



- Ef--inverters 162, 164. The out pyts 166, 168 of the CMOS
coupl ed across a capaci t or COSC, are each connected to

nverters are
t he noni nverting

i nputs 170, 172 of a pair of nmatched operational anplifiers OAlL, OA2. The 5

noni nverting inputs 174, 176 of the operational anpli
connected to a voltag souﬁce—V$e+F+— J%e—eu%ﬁut—178~o

electrically matched 1. P out put s [186, 188 bf

a first input 182 of firét NOR g . 18
connected to a first 'nputtKFf ofggizk\ind g§ NggRZ,
Thg

fiers are both
is connected to
of OA2 is

1 and NOR2, are

cross-coupled to the $econd inputsf 19 92 of] NOR1 and N§R2. The
respective outputs 18 of NORl1 a ar gfach onngcted to the
194 is the clock

inverters 194, 196. Tte ou put 198 of ¥hgji nver
signal ECLK to the en oderI(FIG. 3) a e output 200 of i
the inverting clock signal ECLK to (FIG Sj It

that three primary faCtorsideterm)] | of oscyll at
20 anpl i tude of cugfrent source akue of Icap
t he conparator threshold voltage Nbs well a
referenced to the int rnal precisi ference! V[er
very stable and predi tablf r equUeERs i-sti.cs. |25
Referring to FIG b5a, the timpg cgp e two-shot
Two-shot  T1 consists of | ™ L)
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nverter 196 is
shoul d be not ed
ion of VCO the
citor COSC, and
Vierr], is

r] to obtain

Tl is shown.




1ne-shots T1A and T1B. The DATA%néﬁ of Tl is coupled to first input 202
of OR gate ORA and to the gate 204 an n-channel MOSFET 206 in T1A. The
source 208 of 30 the NMOS is connected across a voltage source V[err] to
t he noninverting input 210 of operational anplifier OA3. The drain of the
NMOS is connected to the inverting input 209 of the operational

anplifier OA3. A capacitor CCL is connected between the source 208 and
35 drain 212 of the NMOS. The power source for T1A cones from current
source I[err] derived fromthe second chip reference vol tage source

Vierr]. The output 214 of the operational anplifier is connected to a
second i nput 216 of the OR gate. The output 218 of the OR gate is connected
to the CLEAR output of two-shot Tl1. 5 The operation and | ayout of
second one-shot T1B is substantially simlar to T1A except the input to
T1B is the NDATA (instead of DATA) input to the two-shot T1, and the out put
fromT1lB is the PRESET output fromtwo-shot T1. Also, the capacitor used
in TIBis CPR 10 (instead of CCL), and the current source used in TiB is
I[err] (instead of I[err]) . The two-shot tinmer circuit is designed so that
its timng period tracks the clock period of the vol tage-control | ed
oscillator on the input chip. -
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Simlar to the

15
timng period of the two-shot circuiit®

I[err] and I[err], the val ue of
conparator threshold voltage
vol tage-controlled oscillator,

to the on-chip precision voltage reference V[err]

and predictable timng chara
factors of the voltage-control
are matched, the two circuits
tenperature and process | C and
out put data. The output signal $
recovered rdrgrtal —data — ther
converter, ,also shown in FIG

inverters 130,  132. The outputs$,

oscillatory

b,

hree primary factors determne the
the anplitude of the current sources
the timng capacitors CCL and CPR, and the
Vierr]. As in the 20

I[err], I[err], and V[err] are referenced
to obtain very stable
timng
ed oscillator and the two-shot] 25 timer
will track one another with chianges in
provi de accurate decodi ng of tjhe sigma-delta
5 of the flip-flops containing |30 t he
T -pass—nto-—a—cenyenti onal bridge DA
conprising a pair of coupled CMOS
SDA and SDB, of the circuiy |[swtch between

p

t wo precision fnal og ol t ages V[err] ag V[err] |35 In is way, the
digital data a nodes124 and 126 is cé@verte nalog i =t h the sane
duty cycle The - A9~ analeg voltageﬁéourcefﬁk[eﬂr]).29 t he
H bridge D A o [ ..
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excel lent 5

wmonverter is electrically matched
s the LED input chip 2 of the opt

&

he simlar anal og source (V[err]) 27
| er
gain stability because the gain depends prinmarily on to the

(FIG 1). This matching ensures

ratio of the reference voltages (V[err] , V[err]) of the input and out put

chi ps.
chopper-stabilized
i nput and
t he power
converter
filter 23.
R1A, R2A,
ROB, R1B,
correspondi ng fesisto

suppl i es.

Th
and R3A. Th

R2B,| and R3B

op

e

Referring to FIG 6, a four-pole RC-based filter that

erational 10

anplifiers OAA, OAB i s shown.
out put common- nbde ranges are Wit hy
The differential
21 is applied to differenti al

anal og t
i nput N
nade—250-i-s—cennqct ed to a s
naode 252 is connected

f eeds t wo
Bot h
approxi mately one volt of

jut signal fromthe D/ A

d 15 250, 252 of the
@sQOf four resistors ROA

asseries of four resistors

eri

N

re

, each prefbrably havi ng
Qpnhected t o |nod

20

2\Resi stance the sanme as the
0.  Two shunted

capacitors, Cerr] A apt—greyr] ref er abl ylsqa t he sane capacitance,
are connect ed ﬁQ‘vveen %o&s 2§ Iﬁd 256. TwoxrwRed st ed capacitors CLA
and C1B, prefepgbPy Havivg sane capaci tlanced COA and COB, are
connect ed bethen 25 X S 258}and 260. g 26R is connected across
capacitor C3A to graun and to input af *~an operationa
anplifier OAA. | Node 1264 1s cohnected across capacitor (C3B
preferably halving the ~Sane ‘
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. |
capaci tance as C3A, to ground, and te,
operational anplifier
OAB are matched and

output is fed back to

the output V[err] of op anp OAB is fed ba

of OAB. The out puts

differential |ayout of G DA converter
ensure that power supply ngisg and oth%%gg?nnnn node [
affect the accuracy ofg ' f—d;ntlal 1A%

25a, 25b. It will furttl

that the differenti al

related to the anal og ]

5b on

input V[err] of 30

an

QAB. In}%ﬁ preferred enbodi nent, QGAA  and
are chopper-stabilized to achieve very | ow of f set

| evel s. The output V[err] of op anp OAA is connected to node 266, which
node 270 at the input side 35 of OAA. Simlarly,

Koa/o node 272 at t

-20- V[err] and V|
yut chip. It wll

19

out put

he i nput side

err] are al so connected to out put

pads 25a and 258, res ively, of tde :a
that no cury ough thel/,@gt/—x es\Csa),
They are us drive OAA gpd QA Thup

t he anal og output signal a

be appreciated

£ '$ ors of the analog filter. 5
ey contygzpute no offset to
= 2 Al so,

the fully
filter 23

effects do not
Al out put pads

description
be linearly
i nput pads, 5a,




.input chip. Although a detailed desdqription of a presently preferred
[ odi nent has been set forth, it sho e apparent to one skilled in the
4% that alternate 20 enbodi ments exi st which do not depart fromthe
SpHrit and scope of the present invention. For exanpl e, various types of
ed@e encoders and decoders may be used. The analog filter, DA
converter, and the reference voltage generators used nay be readily 25
tailored to meet specific noise and gain requirenments of a particular
application. Also, the entire optical isolation anplifier nay be housed
within DIPs with varying nunbers of pins. 21 Cdains 1. An opti cal
isolation anplifier package conprising: an input chip (2) having neans
(7,9) for converting an analog input signal to a digital signal; a |ight
source 5 (13) for optically transmtting the digital signal; and an
output chip (3) having: neans (15) for detecting the optically transmtted
digital signal, and neans (19, 21) for converting the optically transmtted
digital signal into an anal og output signal substantially proportional 10

to the anal og i nput signal.
i?g. ;ﬁ;
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2. The optical isolation anplif package of claim 1, wherein the neans
(7,9) for converting the anal og inz tésignal to the digital signal
conprises a sigma- 15 delta converter (7) conprising
chopper-stabilized operational anplifiers (42,44). 3. The opti cal
isolation anplifier package of claim1l or 2, wherein the neans (7,9) for
converting the anal og 20 i nput signal to the digital signal conprises an
edge encoder (9). 4. The optical isolation anplifier package of claim 3,
wherein the means (19,21) for conggrting the 25y transmtted digital

signal to the anal og out put signaR: onpri ses anté ge decoder (19). 5.

The optical isolation anplifierg age of c ilﬁ . wherein the edge

encoder (9) conprises an oscilﬁ%to 30 (W and the edge decoder (19)
conprises a timng circuit (TIA)_mhich tracks tihe oscillator_(VCO. 6.
The optical isolation anplifier] package of ny precedi ng cl ai mawherein
the i nput hip (F) nd the 35 ut put chip (3)} are both cut fronpﬁ singl e
seniconduéﬁbr ZZag?fer (29) and/or are both jhoused in a single' dgal in-
i ne packgge 1)|. 7& i % i +hi ck e\zgany
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$0. % preceding claim wherein the é}F%gt chip (2) further conprises an
fé.nput chip reference voltage generato 27) and the output chip (3) further
conprises an output chip reference voltage generator (29) natched with the
i nput chip reference voltage generator (27). 10 8. An optical isolation
anplifier conprising: input pads (5a,5b) receiving an anal og i nput signal;
a sigma- delta converter (7) coupled to the input pads (5a,5b) for
converting the anal og i nput. signal to a digital 15 pul se stream an
encoder (9) coupled to the sigma-delta converter (7) for converting the
digital pulse streamto edge-encoded digital signals; and an optical
transmtter (13) 5) coupled to the encode for transmtting
an optical signal in of the digital 20 nal fover an optical
channel and detectlhg transmtted optical S$§ghal. |9. The opti cal
isolation anplifier o aim 8, further conprisijng: an optical recovery
circuit (17) 25 coupledfto the optical transmtter ({L3)/receiver (15)
for converting the detectgd signal to a digital output|signal substantially

simlar tot ; and a digital -to-anal converter (21)
coupled to the optical redowsry circuit (17) for cofNefting the digital 30
out put signal t an__analog output signal__linearly related to the
anal og i nput |signal. 10. xA methpd for se¢sing sizgals ing a system
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A

conprising the steps of: providing an optical isolation 35
havi ng an input chip (2) including a signa- 23 delta anal og-to-digital
converter (7) optically coupled to an output chip (3);
vol tage input signal into the isolation anplifier; converting the anal og
voltage signal to a plurality of digital pulses 5 having a tine-average
val ue substantially equal to the analog voltage input signal; and
nodul ating a light- emtting diode (13) with the digital pul ses.

24
ABSTRACT

Optical Isolation Amplifier with
Sigma-Delta Modulation

——— . i . v Y i A . i H S S e (AR s Wt . WA W S S e - o -

An optical isolation amplifier which generates a low-
noise analog output signal linearly related to an analog
input signal and fits within a conventional 8-pin dual
in-line package (1) comprises an input chip (2) having a
sigma-delta analog-to-digital (A/D) converter (7) for
converting an analog input signal to a digital signal.
The sigma-delta converter (7) is used to modulate an
off-chip LED (13) which optically transmits the signal
tc a photodetector (15) on a separate output chip (3)
having an accurate optical recovery section (17) for
reproducing the transmitted signal. Also contained on
the output chip (3) 1is a digital-to-analog (D/A)
converter (21) for converting the digital signal to an
analog output signal 1linearly related to the analog
input signal.

CFig . :)

anplifier

passi hg an anal og




