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Low Noise, Dual
SWITCHED INTEGRATOR

FEATURES APPLICATIONS

e INCLUDES INTEGRATION CAPACITOR, e CURRENT TO VOLTAGE CONVERSION
RESET AND HOLD SWITCHES, AND e PHOTODIODE INTEGRATOR
OUTPUT MULTIPLEXER e CURRENT MEASUREMENT
¢ LOW NOISE: 10pVrms e CHARGE MEASUREMENT
e LOW CHARGE TRANSFER: 0.1pC v T SCANNER FRONT END
e WIDE DYNAMIC RANGE: 120dB e MEDICAL, SCIENTIFIC, AND INDUSTRIAL
e LOW BIAS CURRENT: 100fA INSTRUMENTATION

DESCRIPTION

Reset Hold Select

The ACF2101 is a dual switched integrator for preci- AQ QB AQ ©¢B AQ ¢8
sion applications. Each channel can convert an input CinernaL
current to an output voltage by integration, using eithercap Ao H1oo - O OutA
an internal or external capacitor. Included on the chip i
are precision 100pF integration capacitors, hold and "A® OF;S;O A
reset switches, and output multiplexers. swim Aol oo N Select
As a complete circuit on a single chip, the ACF2101 Hold o/:*'o O SwOut A
eliminates many of the problems commonly encoun- + !
tered in discrete designs, such as leakage current errogs. , o l_ 5 O Sw Com A
and noise pickup. The integrating approach can pro- c
vide lower noise than conventional transimpedance__ I'INTERNAL o outs
amplifier designs and also eliminates the need for high 100pF
performance, high value feedback resistors. INBO o0 B
The extremely low bias current and low noise of the Reset
ACF2101’s Difet ® amplifiers, along with active la- SwinBO0—" O - Seject
ser trimming of both offset and drift, assure precision Hold O/‘:'O O SwOutB
current to voltage conversion. l_ s !

. . ComB O o170 O Sw Com B
Although designed for +5V, —15V supplies, the
ACF2101 can be operated on supplies upli®vDC. g 3} T
It is available in both 24-pin plastic DIP and SOIC v+  Gnd V-

packages.
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SPECIFICATIONS

ELECTRICAL

At Tp = +25°C, V+ = +5V, V- = =15V, Internal Ciytegration = CinternaL = 100pF, unless otherwise noted.
ACF2101BP, BU
PARAMETER CONDITIONS MIN TYP MAX UNITS
ANALOG INPUT
INPUT RANGE
Input Current Range
Switched Input (Sw IN A, Sw IN B) +100 HA
Direct Input (IN A, IN B) +100 HA
INPUT IMPEDANCE
Switched Input
Hold Switch OFF 1000 GQ
Hold Switch ON 1.5 kQ
Direct Input Virtual Ground
HOLD SWITCH VOLTAGE
Hold Switch Withstand Voltage Hold Switch OFF -10 +0.5 \Y
OFFSET VOLTAGE
Input Offset Voltage +0.5 +2 mVv
Average Drift +1 +5 puv/eCc
DIGITAL INPUTS
Logic Family TTL Compatible
V4 (Logic 1 = Switch OFF) 2 55 \%
V). (Logic 0 = Switch ON) -0.5 0.8 \%
iy Vi = +5V 2 UA
I Vi =0V 0 HA
Switching Speed (All Switches)
Switch ON 200 ns
Switch OFF 200 ns
TRANSFER CHARACTERISTICS
v, L I dt
TRANSFER FUNCTION our =T J’lN \Y,
INTEGRATION
DYNAMIC CHARACTERISTICS
Integrate Mode
Slew Rate 1 3 V/us
Reset Mode
Slew Rate 3 V/us
Settling Time to 0.01%FSR® 10V Step 5 10 us
Overload Recovery Positive or Negative 5 us
Output Multiplexer (Select Switches)
Settling Time to 0.01%FSR Coap < 1000pF 6.5 us
Settling Time to 0.01%FSR Cioap < 100pF 2 us
INTEGRATION CAPACITOR (C \\TernaL)
Internal Capacitor
Value 100 pF
Accuracy 0.5 2 %
Temperature Coefficient -50 -25 0 ppm/°C
Memory 30 100 ppm of FSR
RESET SWITCH
Impedance
Reset OFF 1000 GQ
Reset ON 15 kQ
MODES OF OPERATION
Switch Hold Reset
Integrate Mode ON OFF
Hold Mode OFF OFF
Reset Mode ON/OFF ON
(Logic 1 = OFF, Logic 0 = ON)

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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SPECIFICATIONS (conT)

At Tp = +25°C, V+ = +5V, V— = —15V, Internal C yrecration = CinternaL = 100pF, unless otherwise noted.
ACF2101BP, BU
PARAMETER CONDITIONS MIN TYP MAX UNITS
OUTPUT
Voltage Output Range (All Outputs) -10 -13.5, +1.0 +0.5 \%
Current Output, Direct Output (Out A, Out B) +5 mA
Short Circuit Current
Direct Output +25 mA
Switched Output (Sw Out A, Sw Out B) +2 +8 mA
Select Switch Withstand Voltage
Switched Output -10 +0.5 \%
Switched Common (Sw Com A, Sw Com B) -0.5 +0.5 \%
Output Impedance
Direct Output 0.1 Q
Switched Output
Select Switch ON 250 ||5 Q|| pF
Select Switch OFF 1000 || 4 GQ || pF
Leakage Current Select Switch OFF 10 100 pA
Load Capacitance Stability
Direct Output 500 pF
Switched Output Any pF
OUTPUT ACCURACY
Nonlinearity +0.005 +0.01 %FSR
Channel Separation -80 dB
Op Amp Bias Current
Value 100 1000 fA
Temperature Coefficient Doubles Each +10°C
Hold Mode Droop 1 10 nV/us
Integrate Mode Droop 1 10 nV/ius
Voltage Offset@
Value 3 mV
Temperature Coefficient 5 uv/°c
Power Supply Rejection Vg = +4.5V to +18V, —-10V to —-18V 80 100 dB
OUTPUT NOISE
Total Output Noise® BW = 0.1Hz to 10Hz 2 uvrms
Integrate Mode®) BW = 0.1Hz to 250kHz 10(1 + C\\/CinTEGRATION) uvrms
Hold Mode BW = 0.1Hz to 250kHz 10 uvrms
Reset Mode BW = 0.1Hz to 250kHz 10 uVrms

CHARGE TRANSFER ERRORS®)
Reset to Integrate Mode®

Charge Transfer 0.1 0.5 pC

Charge Transfer TC 0.2 fC/°C

Charge Offset Error 1 5 mvV

Charge Offset TC 2 uv/°c
Integrate to Hold Mode C\y > 50pF

Charge Transfer 0.2 1 pC

Charge Transfer TC 0.4 fC/°C

Charge Offset Error 2 10 mV

Charge Offset TC 4 uv/ieCc
Hold to Integrate Mode C,y > 50pF

Charge Transfer 0.2 1 pC

Charge Transfer TC 0.4 fC/°C

Charge Offset Error 2 10 mvV

Charge Offset TC 4 uv/°c
POWER SUPPLY
Specified Operating Voltage +5, -15 \Y
Operating Voltage Range

Positive Supply +4.5 +18 \Y

Negative Supply -10 -18 \%
Current

Positive Supply For Dual 12 15 mA

Negative Supply For Dual 35 5.2 mA
TEMPERATURE RANGE
Specification -40 +85 °C
Operation —40 +125 °C
Storage —40 +125 °C
Thermal Resistance (both packages) Junction to Ambient 100 °CIW

NOTES: (1) FSR is Full Scale Range = 10V (0 to —10V). (2) Includes offset errors from all modes of operation. (3) Total noise is rms total of noise for the modes
of operation used. (4) C,\ = capacitance of sensor connected to ACF2101 input; C\ytergraTion = integration capacitance = CiyrernaL + Cexternac: (5) Errors created
when the internal switches are driven from one mode to another. (6) The charge transfer is 0.1pC; for an integration capacitance of 100pF, the resultant charge
offset voltage error is 1mV.

BURR - BROWN®
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ABSOLUTE MAXIMUM RATINGS

SUPPIY e +18V
INPUE CUITENE ...ttt +5mA
Output Short Circuit DUration ............cccceevrveeenenes Continuous to Ground

Power Dissipation
Operating TEMPETAtUIe ..........coevvervireeeerriieeeesrenieeeenes —40°C to +125°C
Storage Temperature
Junction Temperature
Lead Temperature (Soldering, 10S) ........ccoevueereerieeaneeseeeieeseeenes +300°C

4 ELECTROSTATIC
(0A DISCHARGE SENSITIVITY

Electrostatic discharge can cause damage ranging from per-
formance degradation to complete device failure. Burr-
Brown Corporation recommends that all integrated circuits
be handled and stored using appropriate ESD protection

methods.
PACKAGE/ORDERING INFORMATION
PACKAGE
DRAWING | TEMPERATURE
PRODUCT PACKAGE NUMBER @) RANGE
ACF2101BP 24-Pin Plastic DIP 243 —40°C to +85°C
ACF2101BU 24-Pin Plastic SOIC 239 —40°C to +85°C
NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix C of Burr-Brown IC Data Book.
PIN CONFIGURATION
DIP and SOIC package have different pinouts.
TOP VIEW ACF2101BU TOP VIEW ACF2101BP
1 SwinB SwinA |24 1 Out A SwOutA |24
2 InB InA |23 2 Gnd A SwComA |23
3 Cap B CapA |22 3 Com A SelectA |22
4 ComB ComA |21 4 Cap A Reset A |21
5| GndB GndA |20 5| InA Hold A |20
6 | OutB OutA |19 6| SwinA v+ |19
7 Sw Out B SwOutA |18 7 SwinB V- |18
8 | SwComB SwComA |17 8 InB Hold B |17
9 | SelectB Select A | 16 9| CapB ResetB |16
10| ResetB ResetA |15 10| ComB SelectB |15
11| Hold B Hold A |14 11| GndB SwComB |14
12| v- SOIC V+ |13 12| OutB DIP SwOutB |13

BURR - BROWN®
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DICE INFORMATION

=2 e gy IO <of

ACF2101 DIE TOPOGRAPHY

PAD FUNCTION PAD FUNCTION
1 A Out 13 B Switch-Out
2 A Ground 14 | B Switch-Common
3 A Common 15 B Select
4 A Cap 16 B Reset
5 Aln 17 B Hold
6 A Switch-In 18 V—
7 B Switch-In 19 V+
8 BiIn 20 A Hold
9 B Cap 21 A Reset
10 B Common 22 A Select
11 B Ground 23 | A Switch-Common
12 B Out 24 A Switch-Out

Substrate Bias: Ground.

MECHANICAL INFORMATION

MILS (0.001") MILLIMETERS
Die Size 132 x 157 5 3.35x3.99 +0.13
Die Thickness 20 3 0.51 +0.08
Min. Pad Size 4x4 0.10x 0.10
Backing None

ACF2101
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TYPICAL PERFORMANCE CURVES

tTa=+ ,V+ = +5V, V- = -15V, = = , unless otherwise noted.
AtTp=+25°C, V SV, V 15V, Cinrecration = CinternaL = 100pF, unl herwi d

BIAS CURRENT vs TEMPERATURE TOTAL OUTPUT NOISE vs C, and C,
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1.4k 1.4k
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APPLICATIONS INFORMATION Improper handling or cleaning may increase droop. Con-

tamination from handling parts and circuit boards can be
BASIC CIRCUIT CONNECTION removed with cleaning solvents and de-ionized water.
Basic Layout
As with any precision circuit, careful layout will ensure best Pinout
performance. Make short, direct interconnections and avoidThe pinout for the DIP and SOIC package of the ACF2101 is
stray wiring capacitance—especially at the analog anddifferent. The pinouts for the different packages are shown in
digital input pins. several figures in this data sheet.

Figures 1a and 1b illustrate the basic connections needed f0|5
operation. Figures 1c and 1d illustrate the addition of
external integration capacitors and input guards.

ower Supplies

The ACF2101 can operate from supplies that range from
+4.5V and -10V to+18V. Since the output voltage
Leakage currents between printed circuit board traces CaNntegrates negatively from ground, a positive supply of +5V
easily exceed the input bias current of the ACF2101. A s syfficient to attain specified performance. Using +5V and

circuit board “guard” pattern reduces leakage effects by_j5v power supplies reduces power dissipation by one-half
surrounding critical high impedance input circuitry with a of that at+15V.

low impedance circuit connection at the same potentiaI.P | . hould be b d with d
Leakage will flow harmlessly to the low impedance node. ower supply connections shou € bypassed with goo
high-frequency capacitors, such agFlsolid tantalum

Figure 2a and 2b show printed circuit patterns that can be

used to guard critical pins. Note that traces leading to thesecapaC'torS' positioned close to the power supply pins.

pins should also be guarded.

Top View ACF2101BU Top View ACF2101BP
Input Input
M swins S swina |2 1| oun B
VOUT
S on [m]— T, PR B
—E CapB Cap A z’— _l_—E Com A 22
_l_—E ComB Com A 2__1'—_|_ 4| capa 21
= - V+
_I_—E Gnd B Gnd A E—_I_ 5[ inA 20
= - Input 1pF
o Te] oue oun [} it ] s w [
ouT ouT -
Input
? 8 ? P swinB v- |18 =
— — 1pF —
7 InB 17

Cap B 16
ComB 15
Gnd B 14

=

[uy

1198

T }—l—E V- SOIC v+ |13 - |—_|_

outB DIP 13
V— v+

These points must be connected to a These points must be connected to a
— common ground point or a ground plane. — common ground point or a ground plane.

<
o
c
5

o

FIGURE 1la. Basic Circuit Connectior8Q1C package. FIGURE 1b. Basic Circuit Connections| P.
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Top View ACF2101BU
Guards
- \/ \/
Input /
_»p—‘r—\E SwInBU SwinA
1
! I
2 InB InA
Lo
\\ 43| capB Cap A
* _,_—E Gnd B Gnd A
Out B Out A
VOUT
K [7]
2]
B
10
11
1uF
- TEZ v-  SOIC  w
V— * Optional External C V+
1 )
— These points must be connected to a
common ground point or a ground plane.

* Optional External C

— These points must be connected to a
common ground point or a ground plane.

FIGURE 1c. Circuit Connections with External Capacitors FIGURE 1d. Circuit Connections with External Capacitors

and GuardingSOIC package.

and GuardingPIP.

ACF2101BU
Guards
—
‘ 1 SwinB SwinA 24 .
. 21InB InA 23 ‘
. 3 CapB Cap A 22 ‘
4 ComB ComA 21
SOIC

ACF2101BP

3 ComA
4Cap A

5In A

6 SwinA
Guards
7SwinB

8InB

9CapB

10 Com B

DIP

FIGURE 2a. PC Board Layout Showing “Guard” Traces for FIGURE 2b. PC Board Layout Showing “Guard” Traces for

Input, SOI C package. Both top and bottom of
board should be guarded.

BURR - BROWN®
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MODES OF OPERATION Hold and Reset Switches
The three basic modes of operation of each integrator arel © Use the Hold switch, connect the input current to the “Sw
controlled by the Hold and Reset switches. In Integrate In” Pin. The Hold switch disconnects the input current, and

mode, the output voltage integrates negatively toward —10v.holds the output voltage at a fixed level. For direct input,
In Hold mode, the output voltage remains at the presentconnect the input current to the “In” pin that bypasses the
value, except for output droop. In Reset mode, the integra-H0|d switch and connects directly to the input summing

to analog common. See Figure 4. in the off mode and the “Sw In” pin should be connected to

analog common.

SWITCHES The Reset switch is used to discharge the integration capaci-

Each integrator includes four switches: a Hold switch, a tor before the start of a new integration period. See Typical
Reset switch, and two output Select switches. See Figure 3Performance Curve showing Reset Time ygr&gration:

Select Switches

Hold Reset Select The two Select switches can be used to multiplex the outputs
o e ol when multiple integrators are connected to a common bus.
. ; : Figure 5 shows a number of ACF2101s multiplexed together
Cap O . 1°,°,pF : | o out into an A/D converter. The output settling time is deter-
P b e 5 ! ! mined by the Select switch “on” resistance of Q5and
n O ! 5 ! the total output capacitance. The total output capacitance
: Reset : includes the ACF2101 output capacitances plus the capaci-
swin oo h | tance of the interconnections to the A/D converter.
Hold ———O0— 7 040 SwOut
+ |
Com O o/;'O-—O Sw Com I
__________________________ i ——
. ) FO"0—¢
FIGURE 3. Switch Control Lines on One Channel of Two 4/? oo
in ACF2101. . oo
I !
L
| O Oo—e
HOLD INTEGRATE HOLD: RST:HOLD:INTEGRATE
0 L0004 To
g
g 3 londe’
= L
2
g Instrumentation
3 | - Amplifier
oTOo—e
-10
O 04 R
OFF 2 SF F'
HOLD oade
ON L I
OFF | orOo—e
RESET O 0O-¢
ON e % oade
MODES OF OPERATION J_ L oade
MODE OF OPERATION N
SWITCH Integrate Hold Reset
Hold Switch ON OFF ON/OFF FIGURE 5. ACF2101s in Multiplexed Operation.
Reset Switch OFF OFF ON
ON: Switch shorted; Logic 0 input. OFF: Switch open; Logic 1 input.

FIGURE 4. Modes of Operation.
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OUTPUT VOLTAGE NOISE

The integrator output voltage range is from +0.5V to —10V. The total output noise for a specific application of the
The output voltage (¥,7) can be calculated as: ACF2101 is the rms total of the noise in the modes used:
Integrate noise (@, Hold noise (g,) and Reset noise {g.

Vour = iy X At The noise in both the Hold {§ and Reset (g) modes is
Cint 10uVrms. The noise in the Integrate modg)(é directly
Vout = the maximum output voltage (in volts) proportional to one plus the ratio ofy&0 GnrecraTION:
Cnt = the integration capacitance (in farads) where Gy is the capacitance of the circuit at the input of the
Iy = the input current (in amperes) integrator and (ytecration = CinternaL T CexTernal @nd
At = the integration time (in seconds) is the integration capacitance:

Integrate output noise f& = (1QuVrms) x (1 + Gu/Cinecration)

Examples of Component Values for —10V Output Therefore, for very low g, the Integrate noise will ap-

i (HA) AE) Cir (PF) Vour (V) proach 1QVrms. The total noise when in the Hold mode
0.01 100m 100 -10 after proceeding through Reset and Integrate modes is
0.1 10m 100 -10 ;

1 m 100 10 approximated as shown below.

10 100 100 -10

100 10u 100 -10 Total Noise= \/ e’ +e’ +er’
10 im 1000 -10

100 100u 1000 -10

See Typical Performance Curve showing Total Output Noise
vs Gy and GyrecraTion fOr more accurate noise data under
OUTPUT OVERLOAD specific circumstances. If only the Integrate and Reset modes
When the output to the ACF2101 integrates to the negativeare used, the total noise is the rms sum of the noise of the two
limit, the output voltage smoothly limits at approximately modes as shown below.

1.5V from the negative power supply, and reset time will e

increase by approximatelyus for overload recovery. For Total Noise= e, + €z’

fastest reset time avoid integrating to the negative limit.

DYNAMIC CHARACTERISTICS
EXTERNAL CAPACITOR
Frequency Response

An external integration capacitor may be used instead of orThe ACF2101 switched integrator is a sampled system
in addition to the internal 100pF integration capacitor. Since cgontrolled by the sampling frequency (fs), which is usually

the transfer function depends upon the characteristics of thgjominated by the integration time. Input signals above the
integration capacitor, it must be carefully selected. An Nyquist frequency (fs/2) create errors by being aliased into
external integration capacitor should have low voltage ihe sampled frequency bandwidth. The sampled frequency
coefficient, temperature coefficient, memory, and leakage pandwidth of the switched integrator has a —3dB character-
current. The optimum selection depends upon the require-stic at fs/2.26 and a null at fs and harmonics 2fs, 3fs, 4fs,

ments of the specific application. Suitable types include etc. This characteristic is often used to eliminate known
NPO ceramic, polycarbonate, polystyrene, and silver mica.inierference.

If the internal integration capacitor is not used, the Cap pin
should be connected to common.

FREQUENCY RESPONSE
0
~
CinrernaL wﬁ\
Cap O H ’ O Out o -10 )
h=2 Nyquist o
© <
3 (fs/2) /\ .
In O §_ 20 A —20dB/decade]
Sensor @ . ¥ |Slope
Sw In | rg %
OO Sw Out 5 N
=]
Ry Cn 3
j I 40
Com . O OO Sw Com
J -50
= beemeeeeeee e fs/10 fs 10fs  20fs
. . . Sampling Frequency (fs)
FIGURE 6. Capacitance of Circuit at Input of Integrator.

FIGURE 7. Frequency Response.
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Charge Transfer
Charge transfer is the charge that is coupled from the logig 0 WIECHALS LG el
control inputs through circuit capacitance to the integration A
capacitor when the Hold and Reset switches change modsqg.
Careful printed circuit layout must be used to minimize
external coupling from digital to analog circuitry and the 10
resulting charge transfer. Charge transfer results in a DQ o

charge offset error voltage. The ACF2101 switches are o +
compensated to reduce charge transfer errors. o ) Droop

RESET 1nV/ps*
o I Charge Offset *

OUTPUT (V)

Since the ACF2101 switches contribute equal and oppositg
charge for positive and negative logic input transitions, the
total error due to charge transfer is determined by the
switching sequence. For each switch, a logic transition
results in a specific charge (and offset voltage) while an
opposite going logic transition results in an opposite charge]
(and opposite offset voltage). Thus, if the Hold switch is
turned on and off during one integration cycle, the total

charge transfer at the end of the sequence due to the Hold
switch is essentially zero. FIGURE 8. Droop and Charge Offset Effects.

Imv*

\ Ideal Level

* 100pF Integration
Capacitor

The amount of charge transfer to the integration capacitor is ) _ ) _

constant for each switch. Therefore, the charge offset errof0ad is often useful in reducing the noise of systems not
voltage is lower for larger integration capacitors. The requiring the full bandwidth of the ACF2101.

ACF2101's 0.1pC charge transfer results in a 1mV charge

offset voltage when using the 100pF internal integration PROGRAMMABLE | TO V CONVERTER EXAMPLE
capacitor. The offset voltage will change linearly with the Figure 10 illustrates the use of the ACF2101 as a program-
integration capacitance. That is, 50pF will result in a 2mV mable current to voltage converter. The output of the circuit,

charge offset and 200pF in a 0.5mV charge offset. Vour is a DC level for a constant current input. The timing
diagram shown in Figure 9 showsg,}; for an input current
Droop that varies from one sample to the next. This circuit offers

Droop is the change in the output voltage over time as awide dynamic range without the use of extremely large
result of the bias current of the amplifier, leakage of the resistors. An ACF2101 and an OPA2107 op amp are config-
integration capacitor and leakage of the Reset and Holdyred to convert a low level input current to an output voltage.
switches. Droop occurs in both the Integrate and Hold The equivalent gain of the converter is determined by the
modes of operation. Careful printed circuit layout must be frequency of the digital input signak. fThe inherent inte-
used to minimize external leakage currents as discusse@rating function of the ACF2101 is very useful for rejection

previously. of noise such as power line pickup.
The droop is calculated by the equation: The ACF2101 integrates the current signal for the period of
Droop = 100fA fs. The magnitude of the ramp voltage at the output of the
Cinrecration ACF2101 is a function of the frequency gfaind the value

where Gyrearation = Cinternal + Cexternal @nd is the of the integration capacitor, &Gecraion: The ACF210k

integration capacitance in farads and the result is in volts per.00PF internal capacitor is used foffecrarion in this

second. For the internal integration capacitance of 100pF £X@mple. The effect is thag €ontrols the equivalent feed-
the droop is calculated as: back resistance of a transconductance (current-to-voltage)

5 amplifier. The equivalent feedback resistance range can vary
100X 10~ -1 . .
=————> =1mV/s or 1InV/us over a large range of at least Mo 1G&Q as illustrated in
100X 10 the accompanying table. Larger equivalent feedback resis-
Droop increases by a factor of 2 for eacHQ0ncrease tances can be obtained if internal capacitances smaller than

above 25C. See the typical performance curve showing 100PF are used with the ACF2101.
Bias Current vs Temperature. A simplified equation for the operation of this circuit is:

Droop =

. Vout = IsensorX Rprocram
Capacitive Loads

Any capacitive load can be safely driven through the multi-
plexed output of the ACF2101. As with any op amp, how-
ever, best dynamic performance of the ACF2101 can be
achieved by minimizing the capacitive load. See the typical
performance curve showing settling time as a function of
capacitive load for more information. A large capacitive Rerocram= 1/(fs X Cinrecration) = 1/(fs X 100pF)

Where:
Vour is the voltage at the output of the OPA2107,
IsensoriS the current into the ACF2101, and
Rerocram IS the equivalent feedback resistance of the
circuit calculated by the equation,

BURR - BROWN®
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For Gnrecration = 100pF, RrocramiS calculated below:

fs
10kHz
1kHz
100Hz
60Hz
50Hz
10Hz

RPROGRAM

1MQ
10MQ
100MQ
167MQ
200MQ
1GQ

At the end of the integration cycle, the Hold switch of the
ACF2101 is opened to hold a constant value at the output o
the ACF2101. The constant value output voltage of the

f

Figure 11 shows a simple digital pattern generator which can
be used to create the timing signals to control the ACF2101
circuit of Figure 10. This circuit creates signals to control
the Select, Reset and Hold switches at a rate controlled by
the frequency of § Figure 9 shows the timing diagram
for these circuits.

In a sampled data system, the output of the ACF2101 at the
output of the Select switch can be converted to digital when
the ACF2101 is in the Hold mode. In this situation, of
course, the 10nF capacitor and the OPA2107 op amp are not

required.

ACF2101 is transferred onto a 10nF capacitor by closing th
ACF2101s Select switch. The Select switch is then opened
which holds the voltage on the 10nF capacitor during the
next integration cycle and creates a DC output. With this

operation, the Select switch of the ACF2101 and the 10nH

capacitor form a Sample/Hold (S/H) circuit. The OPA2107

is used to buffer the Sample/Hold output. The charge injec-

tion of the Select switch creates a small offset voltage, of
approximately 1mV in this example. The 10nF capacitor
was chosen as a large value to minimize this offset voltage

After the Select switch opens, the ACF2101 is reset by
momentarily closing the Reset switch. The ACF2$Mold

switch is then closed to begin another integration cycle.
During the period of time that the Hold switch is open, the

input signal current is stored on the input capacitance of thg

sensor (G). During this time, the input signal current

creates a voltage across the sensor. This voltage should 4

kept below 500mV. When the Hold switch is closed, the
charge that has collected ofQvill be transferred to the
integration capacitor, ((grecrations With no loss of signal.
Therefore, one integration cycle ends and the next integra
tion cycle begins when the Hold switch is opened.

If 100% of signal acquisition is not required, or not wanted,
the Hold switch may be left closed, or the direct input to the
ACF2101 used. In this mode of operation, an integration

cycle ends when the Select switch is opened and the nex

integration cycle begins when the Reset switch is opened.

See
Close-up
below

Current-to-Voltage converter timing diagram overview.

fs

Select I
Reset l I
e Hold b
T
Start/End H \
of integration cycle ,

Integrator
output

Transfer of
charge
from C\y

Expanded view of ACF2101 timing signals.

t

FIGURE 9. ACF2101 Current-to-Voltage Converter
Timing Diagram.

—o To—
' Reset
ISENSOR - 1/2
O/?TSOI " ~up OPA2107 v
ACF2101 O/:VC ' + out
+ Select l
10nF
C|N

FIGURE 10. Programmable Current-to-Voltage Converter.
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+15V

%lOkQ % 164kQ

fs |
O_| [ 2
1000pF 555 7 Approximately 18us

Timer

1 3 —— 100pF
T T

Hold
+VS
©)
%lOkQ %54.5k9%54.5k§2
14 4 10
1N914 A 5 1
2
—— 100pF Both approximately 6us
556
Dual Timer ;
8 13
12
1000pF —— 7 5 9 —— 100pF
- -
>0—> Reset
>O—'Select
FIGURE 11. Timing Generator.
VOLTAGE INPUT EXAMPLE ated by the voltage source in series with the resistois C

Figure 12 illustrates the use of the ACF2101 with a voltage Sélected so that the maximum voltage does not exceed 0.4V.
input. This approach is useful in applications where a con-When the Hold switch is closed again, the charge collected
stant current source is needed. For example, the ACF210PY C. is transferred to the integration capacitoy. \ll

can be configured in a bipolar mode by using the currentd'V_ert the charge being generated by t_he voltage source and
generated by a voltage reference as an offset current. In thEesistor to ground. When the Hold switch closes again, the
example in Figure 12, a 10V reference (REF102) is used incharge stored on the parasitic capacitor of the diode is
series with a 40QR resistor to generate a constant p&5 transferred to the integration capacitor, §hould be se-
input current to the ACF2101. The ACF2101 will operate as lected so that the on voltage of the diode does not exceed
expected in this configuration except in the Hold mode. 0.4V.

When the Hold_ switch is opened, the input to the ACF2101 DEMONSTRATION BOARD AND MACROMODEL
becomes high impedance and consequently the Sw In node

will try to go to 10V. The Hold switch is specified to have Deémonstration boards are available to speed prototyping.
a withstand voltage of +0.5V. When the voltage at the Sw In Th€ demonstration board, DEM-ACF2101BP-C includes a

node exceeds +0.5V the Hold switch will begin to conduct Programmable timing generator making it easy to do a quick

again. This will not cause damage to the switch, however,evaluation.

the output will start to unexpectedly integrate again. The A Spice-based macromodel is also available. Request
addition of either €or Dy in the circuit is critical for proper ~ AB-020 for Application Bulletin and Burr-Brown's Spice
Hold mode operation. Gwill divert the charge being gener- Macromodel diskette.

BURR - BROWN®
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+15vV

!

6

REF
102

I

7_—|— 1uF
L

400kQ %Rl

IOFFl

"1

Hold Reset Select
! ! !
| | |
Cap : CINITIERNAL: :
t 1 t t O Out
| 100pF | |
| | |
In 1 O/rVC |
: Reset :
| |
Sw |
o o To \ I
i Hold o7 O SwOut
/ I
|
O)I"(: O Sw Com

Tew
T

FIGURE 12. Using the ACF2101 with a Voltage Source.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (415)
(6)
ACF2101BU ACTIVE SoIC DW 24 25 RoOHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 ACF2101BU

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: TI has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that ROHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer:  The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 1



http://www.ti.com/product/ACF2101?CMP=conv-poasamples#order-quality

13 TEXAS
INSTRUMENTS

www.ti.com

PACKAGE MATERIALS INFORMATION

9-Aug-2022

TUBE

T - Tube
height

< n
« Lt

L - Tubelength

A 4

A

\ 4

> width
4

*
W - Tube |

*All dimensions are nominal

— B - Alignment groove width

Device

Package Name

Package Type

Pins

SPQ

L (mm)

W (mm)

T (pm)

B (mm)

ACF2101BU

DW

SOIC

24

25

507

12.83

5080

6.6
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MECHANICAL DATA

DW (R—PDS0—-G24) PLASTIC SMALL OUTLINE
0.614 (15,60)
b 0.598 (15,20)

AAAAARARARARR

0.299 (7,60)
0.291 (7,40)

dHHOHdHHEH G

0.020 (0,51)
Pin 1 J [0.050 (1,27)] JLOM

Index Area ‘%‘OOWO 025 )@

-

0.104 (2,65) Mox 0.004 (0,10)
0.013 \
0.008 (0,20) 008 1 / \

\ \
|
\ ’ [(]0.004 (0,10)
Gauge Plane —{ - -v/' !

? Seating Plane

0.010 (0,25) 08 _

0.050 (1,27)
0.016 (0,40)

4040000-5/G 01/11

NOTES:  A. Al linear dimensions are in inches (millimeters). Dimensioning and tolerancing per ASME Y14.5M-1994.
B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

D

Falls within JEDEC MS—013 variation AD.
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LAND PATTERN DATA

DW (R—PDS0-G24) PLASTIC SMALL OUTLINE
ExampIFNSfearg) Layout S’cen(c,\ill0 JSep%n)ings

—+ 22x1,27 — |~—24x0,55 22x1,27
IRIRINIRIRIRININIRInY i

—]

Non Solder Mask Define Pad

Solder Mask Opening
(Note E)

Pad Geometry
(Note C)

4209202-5/F 08/13

NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Refer to IPC7351 for alternate board design.

D. Laser cutting apertures with trapezoidal walls and dlso rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC-7525

E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com

