Digital to Analog Converters

Lecturer: Krébesz, Tamas




_ VIMIA347-Embedded and Ambient Systems
Digital to analog converter (DAC)
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Kelvin divider (string DAC)

o Simplest voltage output DAC
— Number of resistances: 2*N
— Number of switches: 2*N
— Output iImpedance is code dependent
— Monoton
— Small code change transient (glitch)




* Block diagram of Kelvin divider
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o Segmented Kelvin divider
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e Kelvin divider and R-2R ladder network
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Current output DAC

e Simplest case:

T

GROUND

(USUALLY AN

OP-AMP |-V

S
I I 1 CONVERTER)

3-BIT
DIGITAL
INPUT

v




e Current output DAC with current sources
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* Binary weighted current output DAC

(A) RESISTOR (B) CURRENT SOURCE
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e Note:
difficult to fabricate on IC due to large
resistors or current ratios for high
resolutions




e Remember:
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R-2R ladder network

 One of the most common DAC building-
block structure
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e Current output
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* Voltage output

R R R Vout
2R l 2R 2 2R 2 2R g 2R §
6/ LSE C;/ \ / MSB




_ vlesEssbeldeanlialsstas
Double buffering in DAC

OUTPUT LATCH

Ut INPUT STRUCTURE: TRANSFERS DATA OUTPUT
MAY BE SERIAL, TO DAC -
o> PARALLEL, BYTE-WIDE, |/ TIMING IS —“—>| DAC )
ETC. INDEPENDENT OF
INPUT

I f. = SAMPLING FREQUENCY

OUTPUT STROBE -
MAY GO TO MANY DACs




 Input representation is arbitrary

 Input can be asynchronous while output
buffer works at constant frequency
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DAC dynamic performace

e Settling time
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e Glitch: code change transient
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— Cahracterized by Glitch pulse area




 Example of measuring dynamic features

2 mV/DIVISION

| | |
SETTLING TIME = 4.5ns
NET GLITCH AREA = 1.34pV-s
PEAK GLITCH AREA = 1.36 pV-s

1LSB

5 ns/DIVISION
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Sigma-Delta DAC

e Single bit
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o Multi bit
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