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Research Objective
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_ _ * ‘VV\' lVV\' —
* Objective s = R 2 R s

R-2R ladder 2R| 2R 2R 2R
— Binary weigted Vit ﬁ 1 TQ}
(o l —

2R

2R

1-stage increment, l l___
1-bit increment -

Voltage-mode R-2R DAC

Expanding

—— Expanding |

Derive N-ary DAC

* Generalized configuration of R-2R DAC
— Ternary DAC
— Quaternary DAC
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Current Division with Resistor Ladder

81 4] 21 I

e R-2R ladder
— Divide currentinto1: 1
at each node

Infinite R-2R ladder

--- * R-r ladder
Converges to

R+ R(R + 47)
7 = >

Infinite R-r resistor ladder
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Current Division by R-r Ladder

1

f
VR(R+4r) Ratio of R to r

.z =24 4R
. 2
Ve I IZ—Z:r Ez(NNl)

_* Definel,:Il;=N-1:1 "
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Ladder Termination with R
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Outline

* N-ary DAC configurations
— Ternary DAC
— Quaternary DAC
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Configuration of N-ary DACs

2

(N —1)?R,

NR,

N@% NN

UK 1
(N — 1)2R0 VOUT
NR
- Injected currents I, -+, I

- Normalizing resistance value R,
- Currentdivisionratio = N—-1:1
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Theoretical output voltage

« Qutput voltage

K
N(N —1) I,
Vour (I, I, Ro, N, K) = Ry ———= 3" (2
k=1

« Maximum output voltage
—I, = (N —1)I for all k

N(N — 1)2 1
VMAX(I!ROJNIK) — R()I 1

N +1 - NK
 Minimum voltage step
—I, =1, for others I;, = 0

N —1
ViinI, Rg, N, K) = Ryl
K : Number of total stages R, : Normalizing resistance value

I, : Injected currents I, -, Ix (N —1):1: Current division ratio
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N =2, R-2R DAC

« N =2, R-2R DAC
— Number of total stages K = 5 — 5-bit

" 5-bit R-2R DAC
VOUT (11; IZ: 13' 14, 15' RO)

2 1 1 1 1
— R()I * = 15 14 13 12 11

3 21 22 23 24



N = 3, Ternary DAC

1949

Resistance ratio
R:r: = 4R, :
Number of stages
K=4
Number of minimum
voltage steps
NE—-1=3%-1

= 80 steps

Output voltage

3 1
Vour (U1, 12,13, 14, Rg) = Rg - 5(14 31 713 +
N
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3R0:

2

}11"\1;\3& UZl‘\L/}\?&
3R§ §

‘:'—0/0-@—

3R;

4-stage Ternary DAC

VOUT

1 1
J

~

Each I}, is ternary weighted.
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N = 4, Quaternary DAC

Resistance ratio
R:7r:R;=9Ry: 4Ry: DIDINERIRINERIDIDIDINY]
Number of stages )\ o
7171370
I VI

o o
K =4 T 17
T8l 7€ 1
Number of minimum E A A A .
voltage steps 9R, 9R, 9R, | Vour

NK—1=4%-1
= 255 steps o o

) 4—stagé Quater_nary DAC

Output voltage
12 1 1 1
Vour(1, Iz, I3, 14, Rg) = R " [y + El3 + Elz + 511
N ~ J

Each I, is quaternary weighted.
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Simulation of Ternary DAC

« Simulating input

by switching current sources

* Ry=100Q,1 =13.77 mA

Vi =76.5mV
. . . , . . )
6.00] A
y
— 500! s
= 5.00 ) =
Q400 S
s o
= S
S 3.00 E
5 '
& 2.00 JJf
: ,—4.
© 100
FH—P‘V
0.00 "

' “ ‘ J ' S
0 10 20 30 40 50 60 70 80

Digital Input
(a) Simulation result

Design value : Vy4x = 6.12V,

80
steps

g?‘inleQ

{roff = 10 G
T Ton = 1 ud

Current source and switch
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700

Output Voltage [mV]

'r
|

L Teasmy

0123456789
Digital Input
(b) Enlarged plot



Output Voltage [V]

Simulation of Quaternary DAC

Simulating input

Dy sSwitching current SOUrCesS=s=ssssssssss=s

Ry =100 Q, I = 6.40 mA,
Design value : Vyax = 6.12V,
Viin = 24.0 mV

N
-
S
Y

—_ (o] (98] =~ ()]
(e (e =) o o
o o [ < o
\\\
Y

| . . 1
0 50 100 150 200 250

Digital Input
(a) Simulation result

255
steps

S 7in = 1MO

{roff =10 GQ
j’ Ton = 1 uQd

Current source and switch
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Output Voltage [mV]
s oz &

wn
]
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|

|
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-
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Digital Input

8 9

(b) Enlarged plot
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Conclusion and Future work

 Our result

— Generalize resistor ladder configurations
Including R-2R ladder

B

— Proposal of N-ary DAC

 Future work

— Devising effective usages of N-ary DAC
 Less ladder stages, higher resolution
 Voltage-mode configurations
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Combined Resistance Value

ay® — B
Zk: k—l
14

Here,

L+

a =

B = (R—\/RZ +4rR),
_R+r-—-p
" R+r—a’

Convergence value:
> R JR(R +4r)

oo
2 2

(R ++/R% + 4rR),

N =N =

14 1<y




