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16. Nyquist-Rate D/A Converters

16.2 Binary-Scaled Converters
16.3 Thermometer-Code Converters

16.4 Hybrid Converters
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Current-Mode Converters

Current-mode D/A converters > Higher-speed applications
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Fig. 16.13 Binary-weighted current-mode D/A converters‘\ /
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/A Converters
nary-Scaled Converters

Glitches

Problem of current mode converters : Glitches

A A
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A A -Vout
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I+, | L+l Ll
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LE;—» t >t

Z€l'0  Fig. 16.14 Glitches. I, represents the MSB current, and |, represents
the sum of the N-1 LSB currents

Different currents, different branch

Delays are not matched I:> Temporarily fall to zero or high current

L Use thermometer code to reduce glitches




! Binary code vs Thermometer code

Binary code(3bit) Thermometer code(2bit)
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Glitch may be occurred
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Glitch problems - Thermometer-code
b, b, bs

v v

Binary-to-thermometer code conversion
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Fig. 16.15 A 3-bit thermometer-based D/A converters
Binary Thermometer Code

Decimal b, b, b, d, d, d, d, ds d¢ d;
0 0 0 0 0 0 0 0 0 0 0
1 0 0 1 0 0 0 0 0 0 1
2 0 1 0 0 0 0 0 0 1 1
3 0 1 1 0 0 0 0 1 1 1
4 1 0 0 0 0 0 1 1 1 1
5 1 0 1 0 0 | 1 1 1 1
6 1 1 0 0 1 | 1 1 1 1
7 1 1 1 1 1 | 1 1 1 1
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Thermometer-Based D/A Converters
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Binary-array D/A
converters
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Fig. 16.12 Binary-array charge-redistribution D/A converter
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g ermometer-Code Converters
Example 1

Calculate the V., when b,b,bsb,b.bsb, = 0000001, 0011111
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Fig. 16.16 Thermometer-code charge-redistribution D/A converters
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All current sources_ Ju m m = =
are of equal gq_q‘g_

/A Converters
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Thermometer-Code Current-Mode D/A Converters
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« d, = 0, current source =
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Matched Current Sources

Current sources should be matched each other - Calibrated!

L Shift register %I

0 0 1 0 0 0

. Operation

l’\'l _‘l'\"l _lV/] _‘l\'l _J’\'r _‘l’\' 1. Shift register shifts

Iy iz ” L, I It 2. |y Is connected to |
q’) GP Gf) % E'B o EJ’B 3. Iy is setto |

Switch network

Y Y Y Y Y v

To D/A

ref

Fig. 16.19 Dynamically matching current sources for 6 MSB

© 1y = | (accurately match)
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Matched Current Sources

The method for calibrating and using one of the current sources

S S,
/C
2. Set the Vg
ds Cgs
Calibration Regular usage

Fig. 16.20 Dynamically setting a current source, |y,
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Example 2

1) Find W/L for the Q..

Assume that V.. = 3V when | 500pA, V4 = 1V, y,C,, = 92 YA/VZ,

ref —

2) What is the expected variation of the current?
If switch S, cause a random charge injection by 1mV,

(IB | | Sol 1)
et | ¢ Lout Lt @ | ¢ Lout O 1| _ E C w(v _V )2
: ref = A Hn“ox GS TH
lsz /L82 2 L
v v W__ 02:500pA .
s ? S ? L 92uA/Vi(3-1)"
—’Tﬂﬁ1 0.91 -5 j_ :ﬂQ1 0.9
C s - C S = S | 2
= T 0.l * T 0.1l ol 2)
Calibration Regular usage Iout = 0'9|ref + % lunCox %(VGS +1mV _VTH )2
Fig. 16.20 Dynamically setting a current source, Iy, 1 W
.« W/L = 0.27 « W/L =035 s = 4504A+ 5 14Co
. VGS = 3\/ ° VGS = 276\/ =500,uAi03/1A
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! Example 2(Cont.)

1) Find W/L for the Q..

Assume that V.. = 3V when |+ = 500uA, Vi = 1V, y,C,, = 92 HA/VZ.

2) What is the expected variation of the current?
If switch S, cause a random charge injection by 1mV,

Without current source

| I
| [
Iref I ¢ Iout Iref é I *Iout
l A
S, Ss
* Lys ¢ Iy
S, S,
- l:l: Q ® J._:': Q
Ces I = Cys I =
Calibration Regular usage

Fig. 16.20 Dynamically setting a current source, |y,

Sol 1)
1 W

Iref = E/uncox T(VGS _VTH )2

W__ 2:500uA .
L 92uA/V?(3-1)"

Sol 2)
Iout = ElunCox %(VGS i:I‘rn\/_\/TH )2

2
=500 A £ 3uA

Charge injection effect
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Example 3

Find W/L of the M, . (Vi = 0.7V — Vg, = 0.82V)
Assume that V.o = 3V, (W/L)y1 = 15, | = 500pA, p,C,, = 12.6 yA/V2.

Sol)

1 W
Iref - E ) :unCox ) [T] ) (VGS _VTH )2

1 ) )
@) 1, =500uA Q,) | =5004A 5004A = =-12.64AV?-15-(3-0.7)

50uA 1 2 2
‘ 145%A " u 4504A = —--12.64AIV* 15 (3-0.62)

_II: Ml Change Vyy, _II: Ml MZ II_ 1

50uA == -12.6pAIV?-[ 2| . (3-0.82)
2 L o
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