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input/Output Level Shifting with the AD7769
by John Wynne

The AD7769 contains a fast, 8-bit sampling ADC with
two input channels and two 8-bit DACs with output
buffer amplifiers. See Figure 1. A unique feature of
the device is the input and output signal conditioning
circuitry (U.S. Patent No. 4,990,916) which allows the
analog input and output signal voltages to be referred to
a level other than analog ground. The input range and
offset of the ADC and the output swing and offset of the
DACs may be adjusted independently by the applica-
tion of ground-referenced, positive control voltages;
Vaas(ADC), Vswing(ADC) for the ADC inputs and
Vgias(DAC) and Vswing(DAC) for the DAC outputs.

For example, with Vg,as(ADC) = 6 V and Vawing!ADC) =
2V, the ADC can convert, with full 8-bit resolution, input
signals which swing 2 V above and below 6 V. Note
that both input channels have the same range. Similarly
for the DACs, with Vg,as(DAC) = 5V and Vswing(DAC) =
3V, the output voltage of the DACs will swing from 3V
above to 3 V below 5 V. Again both DACs will have the
same range.

However, there may be certain applications where the
two input signals to be converted have different bias
voltage levels or different signal swing ranges. Similarly,

it may be necessary to generate DAC output signals
which have different bias voltage levels or signal swing
ranges. This application note suggests some simple cir-
cuits for these situations. Table | summarizes the level
shifting operations possible and relates them to particu-
lar figures. Voltages Vi evgL v @Nd Vigver out refer to
bias voltage levels which are different to Vaias(ADC)
and Vg,as(DAC), respectively. Similarly Vswing in and
Vswing our fefer to voltages swings which are different
t0 Vswing(ADC) and Vgwing(DAC), respectively. Note
that there are two different circuits when changing the
signal swing levels at either the input or output. The
choice of circuit depends on whether the swing level is
being stepped up or stepped down.

Condition Circuit

input Level VieveL iv * Vaias(ADC) Figure 2
Shifting Vswing in < Vswing{ADC) Figure 3
Vswing in > Vswing{ADC) Figure 4

Output Level | Viever out * Veias(DAC) Figure 5
Shifting Vswing out > Vswing(DAC) | Figure 6
Vswing out < Vswing(DAC) | Figure 7
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Figure 1. AD7769 Block Diagram
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Input Level Shifting Circuits

PR V Y, yam—
R
VieveL s O A~ -— TO ADC INPUT
R Al parO Vi A/B = V.M(ADC) = Vegwmng (ADC)
Vin = Vigver v = V swna (ADC) +
R
Vaus (ADC)

Figure 2. Changing from Vi gver in * VswinglADC) 10 VgiasfADC) + Vgyngl(ADC)

R2
W\
R1
Vin * Vaiag (ADC) = Vswina N O——AAN= - TO ADC INPUT
R3 Al )—O Vi A/B = Viag (ADC) = Vgwing (ADC)
Vaias (ADC) +
NOTE SIGNAL INVERSION ACROSS CIRCUIT.
R4

REQUIRED RESISTOR RATIOS: R_Z_’R_i.szm(ADC)
R1 R3 VswmnamN

Figure 3. Changing from Vg as(ADC) * Vgwing i 10 Viias(ADC) = VeuinglADC) When Vg in IS Less
than VgwnglADC)

R2
r—N\—
R1
Vin = Vpiag(ADC) = Vawa v oA ot TO ADC INPUT
Al b0 Viy A/B = Vpiag (ADC) = Vguang (ADC)

NOTE SIGNAL INVERSION ACROSS CIRCUIT.

REQUIRED RESISTOR RATIOS: R2 . Vswma (ADC)
R1  VswinGg N

Figure 4. Changing from Vg,4slADC) * Vswing v 1O Viias{ADC) * VgpnglADC) When Vsywing v Is Greater
than Vewing(ADC)
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Output Level Shifting Circuits

R
Veirs (DAC) O—AM-—8— —

FROM DAC OUTPUT R At b—0 Vour=VieveL out * Vswina (ADC)
Vour A/B = Vgiag (DAC) = Vawing (OAC) +
R
VieveL out

Figure 5. Changing from Veias(DAC) * VswinglDAC) to Vi gver our * Vswing(DAC)

FROM DAC OUTPUT R1
VourA/B = Vgias (DAC) = Vawmng(PAC) O—WNV— Lo
R3 Vout = Veias (DAC) = Vewing out
Vaias (DAC)

NOTE SIGNAL INVERSION ACROSS CIRCUIT.

REQUIRED RESISTOR RATIOS: A2 R4 _Vswma our
R1 A3 Vgwwa(DAC)

Figure 6. Changing from Veias/DAC) £ Vswing(DAC) to Vaias(DAC) = Vswing our When Vswing our Is Greater

than Vswin(DAC)

R2
FROM DAC OUTPUT R1
VourA/B = Vaiag (DAC) = Vawina PAC) O— MWN\—1—
Al L-° Vout = Veias (DAC)  Vawnag ouT

Vs (DAC) O—————]+
NOTE SIGNAL INVERSION ACROSS CIRCUIT.

REQUIRED RESISTOR RATIOS: E . VSWING OUT
R1  Vgwma (DAC)

Figure 7. Changing from Vaias(DAC) £ Vswing(DAC) to Viaias(DAC) = Vswing our When Vswing our Is Less

than Vguing(DAC)
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