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Interfacing op amps to high-speed DACs,
Part 1: Current-sinking DACs

By Jim Karki
Member, Technical Staff, High-Performance Analog

Introduction

Digital-to-analog converters (DACs) come
in many bit resolutions and sampling
speeds. Outputs from lower-speed DACs
are often single-ended and have either a
voltage or a current output. Most high-

Figure 1. Simplified block diagram of current-steering DAC
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speed DACs are designed with comple-
mentary outputs that either source or
sink current. This article, Part 1 of a
three-part series, discusses the interface
between a current-sinking DAC and an Data
op amp. Part 2, which will appear in a
future issue of the Analog Applications
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between a current-sourcing DAC and
an op amp. Part 3, also in a future issue
of the Analog Applications Journal,
will provide a simplified approach to the
interface analogy presented in Part 2.
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High-speed DACs are used in end-
equipment applications like communica-
tions, test equipment, medical applications, industrial
applications, and many more where signal generation is
required. Each of these applications has its own specific
requirements for signal characteristics and performance.
This article focuses on end equipment that requires DC
coupling, like signal generators with frequency bandwidths
of up to 100 MHz and a single-ended output. In these
cases, high-speed op amps can provide a good solution for
converting the complementary-current output from a high-
speed DAC to a voltage that can drive the signal output.

Overview of complementary-current-steering DAC
A simplified block diagram of a complementary-current-
steering DAC is shown in Figure 1. The digital input is
decoded for the switch drivers that switch, or steer, the
appropriate current source(s) in the current-source array
to the outputs, Inyr; and Igyre. Iyt and Igye are com-
plementary, which means that if current flows out of one it
is subtracted from the other, and vice versa, keeping the
total current constant. For example, if full scale is 20 mA,
the minimum code input or zero-scale input may provide
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0 mA at Iy, and 20 mA at Iype. At midscale, each output
provides 10 mA; and at maximum or full scale, Ioy; =

20 mA and Iy = 0 mA. This example is illustrated in
Table 1. It is important to note that the midscale input,
with each output at 10 mA, will be used to set the output
common-mode condition for the design.

The current-source array is constructed with either
n-type or p-type transistors. The word “source” is used
generically to refer to the transistor circuit structure,
which may either source or sink current. This article con-
siders the interface between a current-sinking DAC and an
op amp in the case where the source array is constructed
with n-type transistors.

Table 1. Example of lyyr; and lgyy, currents for 20-mA full scale

INPUT :m; :ﬂi
Maximum Scale 20 0
Midscale 10 10
Zero Scale 0 20
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Figure 2. Simplified NMOS and NPN current sinks
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Figure 2 shows simplified examplesof Bias Network
NMOS and NPN current sinks and lists a few Current- | / VREF ca

devices that use them. The compliance volt- Sinking | VPAC y \ = t""l;“t l}emsltorst
age shown for each group of devices is the DAC l 1 Rx ! //RZ h Nl ° o?gp“fmrl‘)pu
voltage range at the DAC outputs within
which a device will perform as specified.

Ibac+E5y

Lower voltages tend to shut down the out-
puts, and higher voltages have the potential
to cause breakdown. Both of these should be
avoided to provide the best performance and
long-term reliability.

Generally the output is terminated via some
impedance to a positive power supply. This
impedance supplies a current path needed

for the sink array, and the voltage drop across = N Op Amp Gain Resistors
the same impedance can be used as a voltage e !

output. The impedance can be constructed in

various ways; it can be a simple resistor

divider, a transformer-coupled impedance, or a combina- amplifier element for the circuit and uses Ry, R3, R, and
tion of passive components and an active circuit. This Rp to make a difference amplifier.

article focuses on the latter option, with an op amp as the * Ipac. and Ip,_ are the current outputs from the DAC.

active circuit. * Ry and Rg are input resistors to the positive input of the

Op amp interface op amp.

The proposed op amp interface is shown in Figure 3. This * Ry and Ry are the main gain-setting resistors for the

circuit will provide biasing of the DAC outputs, convert Op amp.
the DAC currents to voltages, and provide a single-ended * Rx, Ry, Ry, and Ry provide bias and impedance termina-
output voltage via the op amp. The op amp is the active tion for the DAC outputs.
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® Vphacs and Vpae_ are the voltages at the outputs of the
DAC.

¢ V, and V, are the input terminals of the op amp.
e Vg, and Vg_ are the power supplies to the op amp.

Proper component selection will provide the impedance
required to maintain voltage compliance with maximum
amplitude and balance for the best performance.

Typically, harmonic distortion in an op amp is dominated
(at least at lower frequencies) by the second-order har-
monics. Balanced inputs to the difference-amplifier circuit
will help suppress second-order harmonics and provide for
the best performance, but little impact is expected on
third-order harmonics if the inputs are not balanced.

For analysis, it is easiest to break the circuit into posi-
tive and negative halves and examine each separately. It
will also be assumed that the op amp is ideal.

Analysis of positive side

The positive half of the circuit is shown in Figure 4. To
start the analysis, Kirchhoff’s current law can be used to
write a node equation at Vpuc,:

I o+ VDAC+ ~ VREF VDAC+
DAC+ RX Rl

VDAC+ =0 (1)
Ry +Rg

The input impedance can be expressed as

Equations 1 and 2 are simultaneous equations with many
variables, and designers must choose or identify values
based on other design criteria in order to solve them. The
following assumptions are made for this article:

1. The DAC output current, I ., and the voltage swing,
Vpacs, are defined by the designer, which sets a target
value for Zpac,-

2. An existing circuit voltage or other known voltage is
used for Vigp.

3. In a difference amplifier, Ry/Ry needs to equal Rp/R; to
balance the gain of the amplifier.*

4. The equations will be solved for the condition where the
DAC current on the positive side is zero: I, = 0 mA.
This in turn sets the DAC voltage on the positive side
to its maximum value, Vpac, = Vpac, (Max).

With these constraints, the designer can apply algebra and
simultaneous-equation techniques to Equations 1 and 2 to
solve for 1/R;:

1 1 1
1 _ 3
R, 1 Ry +Rg €Y
1+————
ZpAc+ VRER 1
VDAC+(max)

*Note that in a voltage-feedback op amp, it is desirable to make the impedance
at V, equal to that at V, in order to cancel voltage offset caused by the input
bias current. In a current-feedback op amp, the input bias currents are not
correlated; so it is acceptable not to balance these impedances, but it may be
desirable to minimize them.
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Figure 4. Positive side of analysis circuit

The known value for R; can be substituted into Equation 2,
which can then be rearranged to find 1/Ry:

11 11 0

Rx  Zpacy Ri Ro+Rg

Analysis of negative side

The negative half of the circuit is shown in Figure 5.
Analysis of the negative side is complicated, because V,, is
driven not only by the negative side of the DAC but also
by the positive side via the op amp’s action. To start the
analysis, Kirchhoff’s current law can be used to write a
node equation at Vpag_:

Vbac- = Vrer | Vbac- | Vbac- =W
I + . + . . =0 5
DAC- Ry R, Rg +Rj )
The input impedance can be expressed as
Voac_
Zpac- = IDAQ : (6)
DAC-

With substitution and rearrangement, the designer can use
R

Vb = Vbac+ XRZT:SRS
and V,, = oV}, to rewrite Equation 6 as
o 1 1 1
T . XO{jox(E+E+§]. )
* Ry +Ry
1- Re
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Using the same substitutions and general design constraints used on the positive side to drive values for Zp,c_, Vrer,
and Rg, simultaneous-equation techniques can be applied to Equations 5 and 7 to solve for 1/R, (Equation 8). Note that
the equations are solved for the condition where the DAC current on the negative side is zero: Ipyo_ = 0 mA. This sets the
DAC voltage on the negative side to its maximum value, Vpac- = Vpac_max), and sets the DAC voltage on the positive side
to its minimum value, Vpac, = Vpac (min)-

Zpac+ X OC(RRSRJ R
1 2T VDAG min X0 15— |~ VDAC—(max)
- R Rz + R’S 1
G 1l —
+
1 Zpac- VREF ~ VDAC—(max) Rg .
Ry VDAC—(max) (8)

+1
VREF ~ VDAC—(max)

The value of 1/R, can then be used to find 1/Ry:

7 X 7R3
DAC+ o Rz +R3
1 —
1 Rq 1 1
Ry Zpac- (R4 Rg ]

Note that o, the multiplication factor from Vp to V,,, in essence expresses the difference between the input pins. In a
voltage-feedback amplifier, o is set by the loop gain of the amplifier. In a current-feedback amplifier, o, is the gain of the
input buffer between the inputs. All that aside, o is typically close enough to 1 that it can simply be removed from the

calculation.

Calculating output voltage

Superposition can be used to write equations for the separate sources referred to Vyp. Since the DAC only sinks current,
which is by convention negative current flow, the output-voltage swing is the opposite of what might be expected. In other
words, when the DAC is sinking current on the positive side, the output of the op amp tends to swing negative, and when
the DAC is sinking current on the negative side, the output of the op amp tends to swing positive. This means that in the
following equations, Ipyc, and Ipsc_ are always negative or zero.

The output-referred DC bias from the positive side is

v, |4 D Vigp X RiRy
= _— | X .
OUT_Vypo) Rg +Ry IRy REFZ R, (Ry +Ry)+Ry (R + Ry +Ry)

The output-referred DAC signal from the positive side is

v (14 Rp e RxRR3
OUT_Vowao) ~| * " Rg + Ry II Ry DACH T RyR; +(R; + Ry )(Ry +Ry) ||

The output-referred DC bias from the negative side is

V, = —| Vppp X Ry X Ry
OUT Vano) ™ | "REFTRO4R, "Rg+Ry IRy |

The output-referred DAC signal from the negative side is

v, I RyfsRp
=- X .
OUT Vuwao) = | "PACTTRIR, +RRy +RyRq

Adding these four equations provides an expression for Vop:

Vour =Vour _v, e, T YOUT_V, (e, T YOUT_V, 16y T VOUT _V, prc (10)

If it is assumed that Insc = Ipacs — Ipac— Z = Zpacs = Zpac—, and Rp/Rg = Re/R,, the DC component of the DAC outputs
will cancel and the AC-signal’s gain equation from the DAC output current to the voltage output of the op amp can be
simplified and written as
V, R
OUT _ 97 I (1D
Ipac Rg
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Design example and simulation

For an example of how to proceed with the design, assume With the starting design constraints given earlier, the
that one of the NMOS DACs noted earlier, with a compli- THS3095 current-feedback op amp is selected as the

ance voltage of 3.3 0.5V, is being used. Also assume that amplifier, where Rg = Rp = 750 Q. The gain from Vp,c. to
the full-scale output is set to 20 mA. To get a 5-Vpp, DC- the output is given by the resistor ratios Rp/Rg = Rg/Rs, 50
coupled single-ended output signal, the circuit shown in Rg can be calculated as

Figure 3 can be used. Since a +5-V power supply is being Vpacs 21 V)

used for the op amp, it is convenient to make Vgpp =5 V. Rg =Ry =Rp XV—— =750 Qx v 300 Q.
Given that Ipac. = 20 mA and Vp, . = 1 Vpp, the target our

impedance, Zpac., can be calculated to equal 50 Q. The nearest standard 1% value, 301 Q, should be used.

Equations 3, 4, 8, and 9 can be used to find, respectively, Ry, Ry, Ry, and Ry:

R, = ! = L =259.8Q
1= 1 = 0 : = 259.
1 Ry + R, 1 301 Q+750 Q
Zopos | 14— 5001+

&_1 ﬂ_l

VDAC+max) 38V
Ry = ! - ! ~65.8Q

1 1 1 1 1 1

Zoacs Ry Rg+Rg 50Q 2598Q 301Q+750Q

VDac-max) 4
R, = VREF - VDAC—(maX)
4=
Zpace X0~
Ry +Rs V X o, Rs V,
1- RG . DAC+(min) R2 n R3 DAC—(max) 1 1
Zpac- VREF = VDAC-(max) Rg
3.8V
5V-38V *
= 50 O - =4472 Q

50 Qx1Ix———""

1- B01Q+TE0Q (9 gyygx UL 54y
301 Q " 301 Q+750 Q B 1
50 Q 5V-3.8V 301 Q
Ry = ! _ — ! ~82.90Q
Rg e
ZDAC+XO{R R J P01 Q4750 0
2 Thg 1-
1- 301 Q (ot
Rg (.t 50 Q 4720 301 Q
Zpac- Ry Rg
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Figure 6. Simulation of current-sinking DAC interfaced to op amp

| DAC Current Sink Ideal Model |
VI

tina-ti and click the Download button.

The simulation circuit and waveforms in Figure 6 show
that the circuit simulates as expected. Ipsg, and Ip,c_ are
the DAC currents, Vpae, and Vp,o_ are the voltages
developed at the DAC outputs, and Vgt is the output of
the amplifier. The current-sinking DAC and op amp are
ideal elements constructed with SPICE macros and are
intended to show that the equations derived earlier for Ry,
Ry, Ry, and Ry are valid for ideal elements. Actual perform-
ance will vary depending on selected devices.

DAC image-filter considerations

The DAC output signal will have the desired baseband sig-
nal as well as the sampling images that occur at multiples
of the sampling frequency. Filtering is usually used to
reduce the amplitude of the sampling images because they
degrade performance. Filtering directly at the DAC output

Analog Applications Journal 30 2009

DAC-
vCesi 1 '?_A\%’ < Rg 301 Rf 750
[+ l @+
X
K % ;l Ry 82.5 S R4 442 | Ideal Op Amp |
= - [ Vout |
VCVS1 10m IS1 10m VCVS3 1G o Vout
T [+ + 1 x| T ‘
VG1 Q): X " X
| | VREF 5 | - =L 4166
Rx 66.5 R1 261 -
VCCS2 1 I?’:%J' R2 301 R3 750 -
= (A W
X l l VDAC+
Ll —
1S2 10m
20 P
Ibac+ ]
N
The nearest standard 1% values should be used: 28
R; =261 Q, Ry =66.6 Q, R, =442 Q, and Ry = 82.5 Q. Ioac.. _/
These equations are easily solved when set up in a (mA)
spreadsheet. To see an example Excel® worksheet, click 0
_ on the Attachments tab or icon on the left side of the _ __ Vouer L7
. . . 1 DAC+
Acrobat® Reader® window. Open the file DAC_Sink_to_ , v
Op_Amp_Wksht.xls, then select the “DAC Sink to Op , 2.78 -
Amp, No Filter” worksheet tab, . _________________ : o =
SPICE simulation is a great way to validate the design. '()\',‘)c - -\
To see a TINA-TI™ simulation of the circuit in this exam- 2.80
ple, click on the Attachments tab or icon on the left side __ 2477 =
, of the Acrobat Reader window. If you have the TINA-TI ! V(C\’;J)T e
, software installed, you can open the file DAC_Sink_to_ . _2.52 e
L Op_Amp No_Filter.TSC to view the example. To download 0 15 30
and install the free TINA-TI software, visit www.ti.com/ Time (us)

j=======>= J
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before the op amp will preserve the best performance.
This is especially important with multitone signals where
second-order intermodulation products from the sampling
images appear at the baseband.

Filter design is not the topic of this article, so it will not
be covered in much detail; but for proper operation the
filter component values are calculated based on the input
and output impedances seen by the filter. While finding
the exact value of the impedance is not so troublesome, it
is usually much easier to find standard component values
to implement the filter when the input and output imped-
ances to the filter are equal. With this in mind, let’s now
consider how to achieve the same goals as before while
keeping the impedance seen by the filter balanced.

High-Performance Analog Products
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Figure 7 shows the pro-
posed circuit implementa-
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Figure 7. Inserting DAC image filter

tion. Ry, Ry, Ry, andRy
have been replaced with :_ Current- -i VRer 2Zppcs
; i Sinkin |
prime and doublg prlmg I DACg | Ry .
components on either side | I '
of the filter, where : I ] :
Ry =Rj IR, I | R <«
Ry = Rk | R%, | fone- OOV .l
R, = R, Il R}, and | = 0\ Filter
Ry = RY Il RY. I I REL
With the additional con- | | | Ry % <, Y %
straint that the impedance : T :
seen on each terminal of | : R, i 4
the filter is 2 x Zpyc., the | | 'oac-COv | =
following equations can be I = : = DaE= =
derived after quite a lot of | ———————— -
algebra:
1 1 1 1 1 1
== (12) = —=r (15)
| 1 Rx  2Zpac+ Ri Ro+Rjg
B
-1
VDAC+(max) 7 Rg
>< - =
X DAC+ a Rz + R3
1 1 1 -
== - (13) Rg
f 27 1 ! Rz + 1ty 1 2Zpac-
DAC+| L+ Vigr == (16)
A 1 Ry VDAC—(max) +1
DAC+(max) VREF ~ VDAC—(max)
1 1 1
7= Y (14)
Rx  2Zpacy R
/ Rs
xXo| ——
DAC+ R, +Rg v . Ry v
1- DAC+(mi B .n_ | YDAC-
RG . +(min) R2 + RS (max) 1 1
1 2Zpac- VREF = VDAC-(max) Rg an
R; ViAo
4 DAC—(max) 41
VREF ~ VDAC—(max)
Rg These equations are easily solved when set up in a
Zpacs X0 R, +Ry spreadsheet. To see an example Excel worksheet, click on
1- the Attachments tab_or icon on the left side of the Acrobat
1 _ Rq _ 1 (18) : Reader window. Open the file DAC_Sink_to_Op_Amp_ !
Ry 2Zpac R} ; Wksht.xls, then select the “DAC Sink to Op Amp, With !
Jilter” worksheet tab. _______________________ :
SPICE simulation is a great way to validate the design.
7 <o R3 To see a TINA-TI simulation comparing results with a filter
DACH Ry +Rg used in the circuit, click on the Attachments tab or icon on
;1 R 11 _ the left side of the Acrobat Reader window. If you have the
— = G | =+— (19) 1 TINA-TI software installed, you can open the file DAC_ X
Ry 2%pac R4 Ro L Sink_to_Op_Amp_With_Filter.TSC to view the example._ |
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To download and install the free TINA-TI software, visit
www.ti.com/tina-ti and click the Download button. To show
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the effects of balancing the filter impedance, a 100-MHz
differential filter designed for 100-Q input and output
impedance is inserted into the interface of the DAC
and op amp. In the top circuit, the filter is inserted
between the bias resistors and amplifier gain resistors 20
with no regard for balancing the impedance; the out-
put is labeled “Vyr No Matchl.” In the bottom circuit,
the filter is inserted between the DAC and the bias
resistors with no regard for balancing the impedance;
the output is labeled “Vor No Match2.” In the center
circuit, the bias network is designed for 100-Q2 balanced
impedance; the output is labeled “Vi;r Matched.” The
transient simulation waveforms look the same as those
shown in Figure 6 for each of these circuits, but simu-
lation of an AC transfer function (see Figure 8) shows
that the unmatched implementations result in signifi-
cant ripple in the frequency response while the -20 . T T L
matched design performs as desired. 100 1000
During design of the Texas Instruments TSW3070 Frequency (MH2)
evaluation board, a circuit was derived as shown in
Figure 9 that appears to be well-balanced and that
provides for proper impedance matching to the

Figure 8. Simulation of AC transfer function with
matched vs. unmatched filter implementations

Vout No Match1 « Vout No Match2

VouT Matched 7"

Gain (dB)

o
PRI [T ST [N T W (N M

-
o

Figure 9. Original TSW3070 circuit simulation (not balanced)
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100-MHz low-pass filter (LPF). However, the circuit’s simu-
lation waveforms show that the impedances seen by the
outputs of the DAC are not balanced and that the voltage
at Vpac, 1s not the mirror image of that at Vp,_. Per the
last example given, this circuit was modified to balance the
impedances for the DAC and the LPF. Performance of the
second and third harmonics was tested before and after
the modification, and the results (shown in Figure 10) show
as much as a 10-dB improvement in the second harmonics
(depending on the frequency) with basically no change in
the third harmonics.

Conclusion

This article has shown a circuit implementation using a
single-stage op amp to convert complementary-current

unbalanced impedance

Figure 10. Harmonic distortion with balanced versus

Texas Instruments Incorporated

outputs from a current-sinking DAC to a single-ended volt-
age. Equations were derived and a methodology presented
for proper selection of component values to set the DAC’s
output-voltage compliance while maintaining balanced input
signals to the op amp for best overall performance. Filter-
design considerations were also included to explain proper
insertion when filtering before the amplifier is desired.
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products in automotive applications, Tl will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers amplifier.ti.con Audio www.ti.corm/audio

Data Converters ﬂa_l-téédn_;/érfe:r.fi._ég-)r_:d Automotive M/\_/-\/y-v_.-ti_.-qbfu-/_égté[ﬁ_(-)ﬂ\[d
DLP® Products www.dip.com Broadband Www.ti.com/broadband
DSP dsp-ti.com Digital Control Wwww.ti-cony/digitalconro
Clocks and Timers \.;\-/y-\/_Jv_.-ti_.-c_B_Fu-/_c-l_c;g:-lgé Medical _Gvgvz/v:tfc:cfnj/fn:e@@él
Interface interface.ti.com Military www . cor/military
Logic logic.ti.con Optical Networking ~ www.ti.com/opticalnetwori
Power Mgmt powerfi.cont Security www.ti.comy/security
Microcontrollers b-w_i-c_r-q-c_a_ﬁtf(_)-ll_é[.-t_i-.c_;-o_-rﬁ Telephony Wy\?yv_.t-i_.-c_é_ﬁj&é_lé_ﬁ_ﬁg-r_&
RFID . ti-rfidl.con Video & Imaging www.t.com/videg

RF/IF and ZigBee®  www.ti.com/iprt Wireless Www.ti.com/wireless

Solutions

Mailing Address:

Texas Instruments
Post Office Box 655303
Dallas, Texas 75265
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TI Worldwide Technical Support

Internet

Tl Semiconductor Product Information Center Home

support.ti.com/sc/knowledgebase

Product Information Centers
Americas Phone +1(972) 644-5580

Brazil Phone 0800-891-2616
Mexico Phone 0800-670-7544

Fax +1(972) 927-6377
Internet/Email support.ti.com/sc/pic/americas.htm

Europe, Middle East, and Africa

Phone
European Free Call 00800-ASK-TEXAS
(00800 275 83927)
International +49 (0) 8161 80 2121
Russian Support +7 (4)9598 10 701

Note: The European Free Call (Toll Free) number is not active in all
countries. If you have technical difficulty calling the free call number,

please use the international number above.

Fax +(49) (0) 8161 80 2045

Internet Support.ti.com/sc/pic/euro.htrm

Japan

Fax International +81-3-3344-5317
Domestic 0120-81-0036

Internet/Email  International  support.ti.com/sc/pic/japan.htm
Domestic Wwww.fil.co jo/pio

Asia
Phone
International +91-80-41381665
Domestic Toll-Free Number
Australia 1-800-999-084
China 800-820-8682
Hong Kong 800-96-5941
India 1-800-425-7888
Indonesia 001-803-8861-1006
Korea 080-551-2804
Malaysia 1-800-80-3973
New Zealand 0800-446-934
Philippines 1-800-765-7404
Singapore 800-886-1028
Taiwan 0800-006800
Thailand 001-800-886-0010
Fax +886-2-2378-6808
Email tiasia@ti.com or ti-china@ti.com

Internet  support.ti.com/sc/pic/asia.htm

Safe Harbor Statement: This publication may contain forward-looking statements that
involve a number of risks and uncertainties. These “forward-looking statements” are
intended to qualify for the safe harbor from liability established by the Private Securities
Litigation Reform Act of 1995. These forward-looking statements generally can be identified
by phrases such as Tl or its management “believes,” “expects,” “anticipates,” “foresees,”
“forecasts,” “estimates” or other words or phrases of similar import. Similarly, such
statements herein that describe the company's products, business strategy, outlook,
objectives, plans, intentions or goals also are forward-looking statements. All such forward-
looking statements are subject to certain risks and uncertainties that could cause actual
results to differ materially from those in forward-looking statements. Please refer to Tl's
most recent Form 10-K for more information on the risks and uncertainties that could
materially affect future results of operations. We disclaim any intention or obligation to
update any forward-looking statements as a result of developments occurring after the date

of this publication.
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DAC Sink to Op Amp, No Filter

		Design Inputs (enter values)

		IDAC Max (mA)		VDAC mid		VDAC SE PP		RF		R3		VOUT_ PP		VREF

		20		3.3		1		750		750		5		5

		Calculated Values

		RG		R2		ZDAC±

		300		300		50

		Nearest Standard Values

		RG		R2

		301.0		301.0

		Calculated Values with Standard Values for RG and R2

		R1		RX		ZDAC+

		259.84		65.79		50.00

		R4		RY		ZDAC–

		447.15		82.85		50.00

		Calculated Voltages with Exact Values

		Range		VDAC–		VDAC+		VOUT

		Low		2.800		2.800		-2.500

		Mid		3.300		3.300		-0.000

		High		3.800		3.800		2.500										Note: If resistor values calculate as negative values,

		Nearest Standard Values																the design targets entered cannot be met,

		R1		RX		ZDAC+												resulting in "#NUM!" errors in this spreadsheet.

		261.0		66.5		50.45

		R4		RY		ZDAC–

		442.0		82.5		49.72

		Calculated Voltages with Standard Values

		Range		VDAC–		VDAC+		VOUT

		Low		2.801		2.784		-2.520

		Mid		3.299		3.289		-0.024

		High		3.796		3.793		2.472





DAC Sink to Op Amp, With Filter

		Design Inputs (enter values)

		IDAC Max (mA)		VDAC Mid		VDAC SE PP		RF		R3		VOUT_PP		VREF

		20		3.3		1		750		750		5		5

		Calculated Values

		RG		R2		ZDAC±

		300		300		50

		Nearest Standard Values

		RG		R2

		301.0		301.0

		Calculated Values with Standard Values for RG and R2

		R'1		R"1		R'X		R"X		ZDAC+								R1		Rx

		416.67		690.36		131.58		131.58		50.00								259.84		65.79

		R'4		R"4		R'Y		R"Y		ZDAC–								R4		Ry

		472.70		8272.26		149.27		186.17		50.00								447.15		82.85

		Calculated Voltages with Exact Values

		Range		VDAC–		VDAC+		VOUT

		Low		2.800		2.800		-2.500

		Mid		3.300		3.300		-0.000														Note: If resistor values calculate as negative values,

		High		3.800		3.800		2.500														the design targets entered cannot be met,

		Nearest Standard Values																				resulting in "#NUM!" errors in this spreadsheet.

		R'1		R"1		R'X		R"X		ZDAC+								R1		Rx

		412.0		698.0		133.0		133.0		50.38								259.08		66.50

		R'4		R"4		R'Y		R"Y		ZDAC–								R4		Ry

		475.0		8250.0		150.0		187.0		50.14								449.14		83.23

		Calculated Voltages with Standard Values

		Range		VDAC–		VDAC+		VOUT

		Low		2.793		2.780		-2.530

		Mid		3.294		3.284		-0.025

		High		3.796		3.788		2.479
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