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. A 14-bit 200-MHz Current-Steering DAC with Switching-
Sequence Post-Adjustment Calibration
T. Chen, G. Gielen, ESAT-MICAS, K.U.Leuven, ASSCC, China (2006)



Switching-Sequence Post-Adjustment
(SSPA)

Step 2: Resequencing
Step 1: Sorting
9 :> 9
7 7
Al
alald L ;
\- 1 1 | D,
\
\
Step 4: Sum rese I I \".
6
8

quencing l I

] 1
1

|

|
|
|
|
)
{




DNL [in LSB]

INL [in LSB]

| 1 1
o o 9o
o o o
> 5N

SSPA

SSPA

DNL and INL of 10 Bit converter (from converter decision thresholds)
T

- INL, DNL -

o o 9
o ©o o
N B O

o

-0.04 /7 +0.041 LSB, avg=-000063, std.dev=0.014, range=0.081

100 200 300 400 500 600 700 800 900
bin

o
3

o

|
o
[5;]

B -0.044 / +0.0087 LSB, avg=-0.0054, std.dev=0.01, range=0.053

| A Al dd .00l d

~"Y’VY \AA AN Al

e v vyvyyvrwrveawy

100 200 300 400 500 600 700 800 900
bin

DNLpp = 0.081LSB
INLpp = 0.053LSB

1000

DNL [in LSB]

INL [in LSB]

SSPA

DNL and INL of 10 Bit converter (from converter decision thresholds)
T

O 06 L L] L] L] L] L] L] L] L] L] o
004 -0.04 /7 +0.041 LSB, avg=-000063, std.dev=0.014, range=0.081
-006 | 1 1 1 1 1 1 1 1 1 1]
100 200 300 400 500 600 700 800 900 1000
bin
l L] L] L] L] L] T L] T L] T
o5k -043 /7 +038 LSB, avg=-0062, std.dev=0.17, range=0.81 -
0
-05F -
_1 1 1 1 1 1 1 1 1 1 1
100 200 300 400 500 600 700 800 900 1000

bin

DNLpp = 0.081LSB
INLpp = 0.81LSB



SSPA
- SFDR, SNDR -

Amplitude [ dBFS ]

SSPA

N =16384 SNR =617dB SDR =703dB SNDR =590dB SFDR = 73.3dB

SSPA

N =16384 SNR =620dB SDR =948dB SNDR =618dB SFDR = 82.6dB

T T T T T T T T T T T T T T T T T T
ob ®A = -00dBFS - of @A = -00dBFS g
20} - 20} g
-40f - o -40fF .
[V
o
)
60y DC = -57.90BFS i % g0y DC = -57.00BFS 1
g
< 0 H, = -764dB dh = '73'3dBFSH3 = -764dBFS

-100

-120
0.05 0.1 0.15 02 025 03 035 04 045 0 0.05 0.1 0.15 02 0.25 03 0.35 04 045

Frequency [f/ fs]

*SFDR = 82.6 [dB]
*SNDR = 61.1 [dB]

Frequency [f/ fs 1

*SFDR = 73.3 [dB]
*SNDR = 59.0 [dB]



AD

N2> AD
AD

=1

b

—



RF -

Zero-1F

DC /A
RF - Low-IF
DC A/

AD >

=)

Direct conversion receiver

4
- Zero-1F 1:Lo
Signal
offset
1/f noise
DC Frequency ©

Low-IF receiver Conventional

Low-IF
Image| =
1

offset
/f noise
Signal

Frequency
Quadrature-IF
Low-IF 4 fLo

offset :

1/f noise

Signal
H >

Frequency




Low-IF
N> AD

l - DAC, |= lEi

lin lout
D - -+ ADC, -
Analog H(z) Digital
Input Output
. —{ ADCq >
an - Complex QOl. ) ‘ 0‘utput‘Powe‘r Spelctruml

Banpass Filter TE -20

DAC, |= : 0

2 g -60 |

- g -80 |

IOUt + JQout — -100]

H - 1 . vl
a1 I + I +— E + E -160
1—|—H ( In JQm) 1_|_H ( I J q)

05 04 03 -02 01 0 04 02 03 04 05
Frequency(Fin/Fs)




lin l_ s

Analog
Input

Qin - D

DAC, |
|E
lout
> ADC, .
(2) output §
—| ADCq ot
Complex QOUt
Bandpass Filter TE
q
DAC, |«

100}

120

Output Power Spectrum

=201

A
(=)

[
(1]
o

80|

05 -04

03

-0'_ 2

o
FrequenchimFs)

012

0|_3

0:4 3



Complex Filter

OOOOOOOOOOOOOOO

lin ?
-
M
U
M X
...... .U oo o o o oTTTT==
X SEL M
U
X
Qin
_._
M1
seL|




® :Single-bit Output
o :Multi-bit Output

Y(2)

Filter

s X {\)
Digital

Dout
ADC >
Multi-bit
DAC

H(2)

_ H(Z)

1H()

¥

()‘1 H(2)




N2> /

+

Single-Bit Multi-Bit

RN
L1 N Il il
| A B |
w\uuw‘u w H HHH‘ w ‘ H|
(00T T 1T T S il 1IN N A
UeRL Pl I}
m R L I
(B Wl
[ |
[ | [ |
) grareasessens LN



Time

4+3i
2+5i
3+1i
6+2i
5+4i
1+3i
7+2i
4+6i
2+4i
3+3i

DAC1
01 2 3 45 6 7

" DAC2
012 3 45 6 7

W N (N[O (W (o~

o

WEREBDNEFEPEO((EDNW

Bl Output |

B Output Q



LRl —
i DWAT
i

| scFiter |,

SC Filter




ADC

BPF

BPF

DSP

V ¥

LP
Asapc [P
olLp
ASADC [T
BP
rsroc ™ DSP




RF ADC

N2> AD
DAC

BW BW
] | =
S
o q

i ——P
f f.'Frequency
3




* N2> AD

N2> AD




+

fin=3fs/4

_______________________________________________________

RF DAC




Power[dB]

N2> AD

<4

N

T WWWWWW T T |

0.6

0.7

3
4° 08 0.9 f
Frequency|fs] S






i RF DAC 2

‘O”

NRZ DAC |[) | |
%
25% RTZ
Digzo > j> DOAC i | |
O

RFDAC | ) y—p——,




i RE DAC
f

&3

Switch

Data—»
Driver

Al

IOUT

Ak

cos(21t(2fs)t)

IOUT



C




RF DAC /\\jy

-------------------------------------------------------------------------------------------




25% RTZ DAC N2> AD

m— CLK Jitter —
= CLK Jitter 1% —

N
o1k~ W

w'; H' i ' w

1N

b
i

Power[dB]
o O C;O ~N O

|
[N

11
=
N =

| |
= =
B~ W

S S Sy U NP AP S SR S

T

72 0.73 0.74 0.75 76 0.77 0.78
Frequency[Fs

o1
e
~N O Ul

|
=
(@)



25% RTZ DAC N> AD
SNDR

i 10 SNDR
90"~ CLK Jitter
8517~ CLK Jitter 1% &
§5 /
g 25 /
nd
Z o0 SNR
V)
5 /I %
:Lgl yy =

RPEFEPNNW
(@ Xox! ol a

(@n!

o
[N

2 3 S 6 7

4
OSRI2"



RF DAC N2> AD

i ~ CLK Jitter
e ~ CLK Jitter 1%
it b e L \”'N Mh il Hm‘
60! l\llH i || i T T -l ,\ luw W m|| \ I
— SO H Wi, e Ml %%%%%%%%%%
S, 80 il TR O e
— I S AL B AT ‘r“ ST T A N B
g -9 LW
% -100— | vw {4y R 7
£-110 :
12000 e e ]
1 - L R E—— f
140 L ]
L T :
-16Q-+-—- e e s et ettt
170 S RF DAC

- | | \ i i i i i i
18072 0.73 0.74 0.75 0.76 0.77 0.78
Frequency[Fs]



¥

PR
mc‘am

RF DAC N> AD
SNDR

SNDR

| =& CLK Jitter

== CLK Jitter 1%

al

a1

RTZ DAC

(@]

al

a1

N

NN WW-EADJIUI0YOY~I~0000W O OO N

\

\



AD

N> AD
AD

=1

b

-



Vdd -

1

AD

> 1



ADC

AN

! \

o— Hilter

ADC

Ain

\

\

Filter :|: Dout | Time to Digital | Tout

Aref %\B;swt I
CLK

Converter

Comparator

ADC




Signal Level

Signal Level

AD

Ain

o—— Filter :l: Dout| Time to digital.jgt
converter
comparator I
Aref coswt CLK
Signal
D i
> | i
e . !
— L i
g i P P
5 i\ [T
VR AV R
I P 1 ! 1 !
A A
SRS
Comparator
Output S
‘ Time
Reference |
Clock i >
Time

Input Signal
1 T T T
| l l l
| |
l l
|
05~~~ f i N | /
|
I |
| |
| |
l
Op-f--t--mm o Nl
|
|
|
l
|
05 02 0.4 06 08 1
Time
Reference Cosine Signal
1 : ‘ : :
| /
05— r-f -V of -V
l
I
] e A A
|
|
l
-05F--y--H-----bd-- Lol
|
|
l
-1 |
0 02 04 06 08 1

e
Toutl

o X
Tout2 Tout3




Signal Level

0.5°

-0.5

Sampling Principle

AN

"X

\ " /N

N/

Vref

)

Y_ .

1/fref

Ain -
o—— Filter jl: Dout

comparator
Aref
€ coswt

Time to digital | Tou:t
converter
CLK

t

U

St=T arccos( A

t)j
A

V()= ACOS(Z?Z’

Acos(27z %j = A (1)




Tout
+—o

converter
CLK

Dout| Time to digital

comparator

t|:

coswt

Aref

Ain -
o—— Filter

Sampling Principle

|9AeT |

Time




Time-to-Digital Converter)

> Doy et e e

CLK 1 2 3
—|ID Q D Q D Q

> — _i> i> ]

L Q5-0



AD

N> AD
AD

=1

b




+

Scan Path, Signature Analysis
@



+

Uncontrollable

Controllable

=)



time







Bipolar, GaAs

ADC



digital
output




(Vos )rms o

1

JwiL




analog
input

ADC

S/H1

- ADCH

o— S/H2

- ADC2

O—— S/HM

ADCM

digital
output



-

Digital Output

>

ADC1 ADC?2

Digital Output

— ideal — ideal
— with INL — with INL
>
Analog Input 4

Analog Input

ADC ADC1, ADC2, ...



- ADC1

1

ADC2

digital
C output
—O 0.5

ADC Output

o
n
!

—— with INL mismatch
— ideal

0.2

04 06
time




ADC

AD

ADC



ADC
ADC
CMOS

ADC



!

AD/DA

ADC/DAC



H

Multi
Bandpass
Filter

N> AD

ADC _@

Power

0
DC

1/N

2/N

DAC

3/N

Z-N

1-ZN

4/N Fin/fs



( DA

X(t) = Acoswt YD) =gkl
A ,coswt +
( ) : A,COS2wt +:

- Ascos3wt +:

— A EEEEEEEEEEEEEEEENEN




X(t Y (1)
AC(I)Isoot

AO 2 3

Power

1-ZzN




i Secure Digital Sytems (ISSCC 2007)



AD

N> AD
AD

=1

b

-



Integrated
Power Electronics

Envelop Tracking
EER Envelope Elimination and Reconstruction

|



vdd | ©

Vdd

ainininls

Vout=Vdd/4

|

%

A%

%

Vdd/4

Vout=Vdd/4






ON
Vi
ot ot
I Ct I G

ON
Q1|: Cl 'Vm
Qzlz Cz 'Vm

E'= _(C1 +C2)Vm2









C 2Vdd
‘-L pray

AW~

A\ A\

. 1
B = 2V | 1()dE =V, Q = 4cv,° E =§c:(2vdd ) =2CV2

total

E,=2CV2



IIIIIIIIIIIIII

llllllllllllll

.
--------------

State?2



- 1 [ 1

vdd MIl M,EZ £D3 VJ;M ,VEDS lout

LLK-DCCT

Dickson



A/D

+

Cual Cuo C, C, o

O\CSW

M-bit Capacitor Array Vx

Comparator

T T SAR

g [/lwcg Tt

Vin o—— VR




N




|

]




DC-DC

[




200k 400k _ 600k 800Kk iM 12
Freq ency[Hz] Frequency[Hz]

SbitM PRM

I



HG

LG

> PWM >

A-D

FB




+

® AD
through put latency
e PWM
Digital-to-Time Converter

&



L1

oo il T\ )} S
S1H %\ Vi
i SiLg ° Vout
Vin o— M
L2 |
o 77 12 —
SZHO Cout Rout
K V 777 77T
SZLO




VDD

* > j ¢ “Voutl

L Routl
CONTROLLER ﬁé : lCoutl
7T




+

® MEMS (Micro Electro Mechanical System ):

CMOS



MEMS

MEMS

CoventorWare

MEMS







MEMS

Specification R e
16 1

16 [ ] L, CHHD

45 [p ]

19 ] HIED




MEMS

COVENTOR

0 s mavy 8 enaba: a1 70030 L SvariabietC 60 mi | 11 b 883 | Cavensar Uate

COVENTOR

220
Z 210
200
190
180
170
160

Vs

20 H

192 nH

20

25 30 35 40 45 50
[k ]

T 213
£212
211
210
209
208
207
206

Vs

4nH—




AD

N> AD
AD

=1

b

-



ADC/DAC



AD

N> AD
AD

 p—

(S

-



CMOS



KT/C

—®—W % Vout

Gm-C



o+

= A/D S/H

(SoC ADC )

_ —




Vin

SW__ON

*Vout(t) = Vin(t)

Sample

SW__OFF

*Vout(t) = Vin(tyer)
Hold

Sallmple Hold




= S/H

.Tl:

L
R
y/c O
(Ron+RSG) ><C



SNR

{(Cp) <—— t(Cyy)



LY

*

SNR

>

(g~ t(TZbig)

. 1
Signal o« —
J C



-+
2 [V¥/Hz]

—0

4KTR

C —*Fnuﬂse

nout_J‘
K

4KTR

_KT
C

Ar°R*°C?f*°







|||
—o



« SOC  ADC
N
. |SB/2
! O O R O
m—e
.o L]

Ll W]

yLSB/2

VOU'[




T,=>>T,

S 1

SNR oc /C
wgy 1/RC

N, «=VKT/C

A
1
J-/




0

y N

o

"I__2<<"f1




<<,
S 1/C
Nms=VKT/C
1
SNR ocf
Wy T
A
1 1/C
2 —
) T



S/H



Tlopt TZopt

0.35
0.3
0.25-
—
9
o 0.2-
c
=
O
*
o«
E 0S| e —
L, L ;
04 o o s e e R R :
[ 71 L R LJLA ________________________________________________________________ -
0 i i | i | i i
0.15 0.2 0.25 0.3 0.35 04 0.45 0.5

t1opt&t2opt DB {%

7 2[nsec]



_Ijlopt _I?20pt

SNR



i +,/TT, SNR

1. — — —

)

/

= 1 = =

/

SNR
_ _




SNR

SNR



S/H

LeCroy

T/H



