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Abstract |3
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 We are developing o
an automated design tool for ~GHz DACs.

 We apply proposed
“layout-driven design methodology”
iInto MIM capacitor type DAC.
Finally we reached
“sub-micron-wide slice structure”

— We give 18t priority to layout.
| explain slice-based DAC design

knowledge-base, and outline of our
prototype automated DAC design program
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DAC design schematic example 4
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How to cut “muda” vy layout-drive design met od

. . I'ﬂl(ﬁﬂ TECH—
* No isolations
— Because one of nodes of Cf T‘f (ﬁ’ I f” 1 ooutput
capacitors is commonly E I?T TTO? IT .
connected with output node| LT 11 o $Vref

* No shields

— Other nodes of capacitors are connected to

either +Vref or GND through switches
* NO wiring areas rather than above the elements

— We propose unit capacitor width is adjusted

same pitch as switches & logic
« Common sources
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Our proposed sub-um slice structur/ 3
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unit capacitor width Is
same pitch as switches & logic

Sub-um
<>
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M.Sugawara, K.Mori, S.Lee, M.Miyahara, A.Matsuzawa, “Proposal
of layout-driven 1/2.8 size DAC design methodology”, Silicon

Analog RF study committee by IEICEJ, Nov.2013
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Proposed MIM type C-DAC layout
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Proposed MIM type C-DAC layout /10
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Proposed I\/IIM DAC schema W/ o
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Pros
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 Smaller size than previous (<1/2)

* Higher speed & lower power consumption
— Because wires are straight and sub-um

— Stray capacitance and stray resistance are
significant lower (<1fF) than previous

« Easy for thermometer coding logic
— In-line with each switch and MIM capacitor
— Small overhead in addition to binary code
— Against process variation, less glitch

 No more extra digital wire bundle areas

Novel Measuring-Noise-Suppression and
Measurement-Time-Reduction Methodology for ADC/DAC




/

Element size calculation ) 14
W TOKYD TECH—
C Cap aCItor ﬁursulngfxce//ence
4 allowable error = m /20
L. =process variation = K, *pelgrom_coef / sqri(L *W,)

unit capacitor C = * g, * L. *W_/d
Bigger value of Lc*Wc Is survive.
$WswnHere, m = 1/4, k, = 4 @ default

4 2(Wc + metal_space) = pitch p.
Switch transistors :

: JPW, allowable impedance = (mg, / 2°") * (1/2mfC)
_ 74 = switch on-resistance = Bn *(Vyp-V)* W, /L
- - N Here, L, is process minimum length @analog use.
J%w, p = (Lswn + drain_source_width) * 4

swn

0 34 W, Logic transistors :
L, IS process minimum.
> 5D W, = (W, * 4 ) / fan_outs
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Automated design tool development 15
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* Proposed “sub-micron slice
structure”
—Is better performance than previous.
—Is easy to layout.

 Why not to develop automated
layout tool ?
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Automated tool 10 16
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* Inputs :

— Given DAC bit size

— Either C or R, and given unit value or output value

— Conversion speed

— Design rule table from each process technology kit

— Process portability, and at least X axis scalable.

— Evaluation function (area, etc.) to determine final n value
— Best match n or all n cases can be designed.

— Additional switch option for ADC bottom plate injection

— Full automation or semi automation

Outputs :

— Layout

— Schematics for LVS or manual modification
— DRC, LVS, LPE results If required gbg;lsically clean by design)

"Novel Measuring-Noise-Suppression Mateuzawa
Measurement-Time-Reduction Methodology for ADC/DAC M & Okada Lab.
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Proposed automated DAC design flow 17
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EDAC specj Eesign rules
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Knowledge-based element size calculator
L

E transistor, resistor, capacitor sizes j

Knowledge-based slice layout generator
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Experimental results 1 18
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Manual layout result of
1Gsps 9bit C-DAC in 33um X 72um on 65um CMOS
by using proposed sub-um slice structure
before automated program
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Experimental results 2 19

Automated design result of TOKYD TECH
9bit R-DAC with revised prototype program

Matsuzawa
& Okada Lab.
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Proposed method: binary coded C-DQ((Zl
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C1 c2 C3 ca

+Vref

EEE B

to digital block

We can cut short bars
due to same voltages

S TR &

] —— [~ : :HTE

B8 Bl 8 B0 13l B 41 6 oy 191 B 6 B

T

s1 52 3

A% /% Matsuzawa

Proposal of layout-driven 1/2.8 size DAC design methodology /' & Okada Lab. AJEET




Proposed method: scrambled binarl}/_/lingi

TOoK;
oT1 output . ) Pursuing Excellence
c1 c2 c3 ca Cancel gradient of capacitances, such as metal
T T T T° thickness.
oT2 +Vref

s1 52 53 s4 Better INL, DNL
ﬁ 'j E Cl=Cla
T3 GND C2=C2a+C2b

| | | C3=C3a+C3b+C3c+C3d
to digital block C4=C4a+C4b+C4c+C4d+C4e+Caf+C4ag+Cah
Controlled by switch logic connections.
C3b __C{ld Cla C4e C3c _Ci}f ) C2b Clg C3d __C{lh |

C4a C3a qub C2a C4c
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Proposed method: thermometer cod
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ol ol o crteutut  Equal valued capacitors. rursmtealene
T T T - Monotonicity is guaranteed.
51 ST 5 oT2 +Vret  The code operates to add one by one.
TR
T OBeND S ron
to digital block 3:C1,C2,C30n

Cl C2 C3 C4 C5 C6 C7 C8 C9 Cl0 C11 C12 C13 Cl4 CI5
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Proposed method: scrambled thermomet 24
roKkrvg Ti=CF——-

PursuingExcellence

oT1 output
C1 CcZ C3 Cd

51 SRS 5 oT2 +Vref Monotonicity is guaranteed.
Er ﬁ% 'j% ﬁé Better INL
oT3 GND

to digital block
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Proposed method: scaling capacitor I% t25
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Cs

* Scaling - -
tor c11] c12[ c13[ c14 c% ]l ca
C ap a.C I S114= 15122 6134 514 S S 53 < ol2
Quint CEEEEEEE
CapaC|tance todlgltalblock
C11”C12 shield Cs c1~ca

value) can be |
located In
same slice
6>_<0ept metal k<=L T R ELE
WIires. | |

e [t makes better =
matCh to keep to digital block
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Proposed method: experimental resu)!ts%
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* Our silicon samples’ experimental results
— 12bit DAC in SAR ADC

— DAC core size: 0.0035mm?4=230um x 15um (65nm)
=1/2.8 of our previous design* (90nm)

— Clock speed 1GHz. +20% higher then previous design*
— Power consumption <2mW

*Z.Xu, M.Miyahara, A.Matsuzawa, “A 1ps-resolution Integrator -based Time-to-Digital Converter
Using a SAR-ADC in 90nm CMOS”, NEWCAS 2013 IEEE 11th International, 16-19
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Proposed method: C+Sw+logic In sllg
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Proposed method: R-DAC schematic
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Apply to R-2R + segment 9bit DAC

— 2R resistor based

— R + switches + DFF + thermometer coder

Total 3 pieces for R-2R Total 63 plfet?es for thermometer code.
) Actual positions can be scrambled.
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Proposed design method 1 29
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* A required accuracy of unit resistor
is calculated as m/2°", where m is
margin

* |[ts standard deviation ¢ IS given as
c=pelgrom_coef/sqrt(L*W).
m/2b-"=k*pelgrom_coef/sqrt(L*W)
(1)

* R=p (L+AL)/(W+AW)+2R, (2)
R~p *L/W+2R_ (2

Proposal of layout-driven 1/2.8 size DAC design methodology M & Oreda Lab. "




Proposed design method 2 30

TOK7O TI=CFf
e Where

—b: total DAC bit (given)
n. bit of segment portion (variable)
R: unit resistor value (given)

—m=1/4 (default)

k=3 or 4 (default)

—pelgrom_coef (from PDK)

0. (from PDK)

AL (from PDK)

AW (from PDK)

R. (from PDK)
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Proposed design method 3 31
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* Hence,
W=(k*p./m)2°-"sqrt(pelgrom_coef/R)
(3)

If W<W._.. (in PDK) then W=W__._

e L=(R-2R.)(W-AW)/p +AL (4)
If L<L . (in PDK) then L=L .
recalculate W

Proposal of layout-driven 1/2.8 size DAC design methodology M Matsuzawa  \rpte.




