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Digital to Analog Circuit Design
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Data Converter
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o Data Converter of ADC and DAC: Provide interfaces
between the analog environment (the physical world) and a
digital environment.
a Can be monolithically integrated with digital VLSI circuits for
digital signal and data processing functions.
o Digital VLSI (DSP) Circuits are better in :
Accuracy.
Design Flexibility.
Reliability.
Programmability.
Reproducibility.
Cost and Chip size Down (Portable).
Immunity to Process Variation, and Temperature and Voltage Drift.
o Data Converter Consideration :
» Bandwidth (Speed) limitation.
» The Finite Word length (8, 16, 32-bits) effect.
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Nyquist-Rate Data Converters :

2010/5/3

0 Nyquist-Rate Converters:..

v'Generate uniquely a series of output for each
input with one-to-one correspondence.

v'Seldom used at the Nyquist rate due to the
difficulty in realization of anti-aliasing and

reconstruction filters.

v'Operate at 1.5~5 times the Nyquist rate. That is
3 to 10 times the input signal’s bandwidth.

o DAC Structure h
2010/5/3
DIGITAL Volage | VREF Scaling DVeer| Oupm | _vouy=
ANALOG | I Filier | Amplifier | amalog | Reference MNetwork Amplifier KDVigy
CONVERTER Ohutput
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Ideal DAC and Transfer Curve
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Nyquist-rate DAC: convert a digital (binary) input signal (or code) to an

analog output voltage (or current) that is proportional to the digital signal.
DSP system output

verX...Bin + D/A "':TP.'?‘.VW‘ .................................... Analog

..................................

Fig. 11.1 A block diagram 34
representing a D/A converter.

If No noise and any imperfection conditiori’?

LAY
:I LS":j;:usa

MSB LSB - Vier
B, =027 +b,27 +.....+b, 2" e .
V=V (027 40,22 4+t 27) =V, B,, g0 o1 10 11 (100)
v, 1 Fig. 11.2  Inputoutput fransfer curve for an ideal 2-bit D/A converter.
Vigg = 1LSB=—¢ Max output: Vref (1-2-N)
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Ideal ADC and Transfer Curve
2010/5/3
8 B A Yise _ 444 = 1188 -
V, —p=| AD e Veet &
+—r
"t [
Vfﬂ
10T
Fig. 11.3 A block diogram representing an
A/D converter. 0t =
Vi (024,22 4oty 27N) =V, £V, A Ve
1 1 00 T Viet
where, -ZV g <V, < Vg 0 414 12484 1
2 2 Vor/Vier V11’ Veer
- N i N-1/9N Fig. 11.4 Inputoutput transfer curve for g 2.
(172N )Vref < Vin < Vref (2N-1/2N) B D ot
*Overloaded in Converter: *Quantization Error:
The magnitude of the quantization a range of valid input
error is larger than V gg/2. values that produce the

same digital output word.
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T Quantization Noise and Deterministic Approach
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e Vo=WiVy V=V, +Vy  Vy: Quantized Signal.
5 Vo' Quantization Noise Signal,
% ¥ is limited to + V, ¢5/2. The

) R o average of V, is zero.
+
Wy Vo For deterministic ramp input:
/2

1/2]
Fig. 11.5 A circuit o investigate quantization noise behavior. Vogms) = |: _[T/ Q } |: _[T/ LsB (7) dt}

A Vin‘ ‘e T2 Y2
VLZSB 3 - LSB
v, — ava| TG, T
1
§VLse 5l
] t
. (Time)
d 1
(Time) _EVLSB_- P
T
Fig. 11. ing o ramp signal to th
g: 110 A,ppl?’l,g? i Fig. 11.6 Applying a ramp signal to the circuit
circuitin Fig. 11.5. 2O
in Fig. 11.5.
10101 110

Quantization Noiseand ENOB
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For saw tooth Vin of Vref:

V., 412
SNR = Zolog[ in ’""5’] 20|og{ e r]zolog(Z”)G.OszB
Q(rms) VLSB /\/E

For sinusoidal Vin of Vref:

V., 1242
SNR = 20log Vin(me =20log| - V2 =20log \/52” =6.02N+1.76 dB
A Vi /12 2

Q(rms)

'y
B0

A
pgil P—— SNR,...1.76

=8 ENOB = actual
6.02

Vg = Vgl

b B V.io8)
60 50 40 -30 20 -0 0

Fig. 11.8 Idealized 5MR verws sinuscidal input signel ampliade for o
105t A/D comverter. The OclB inpet signal amplitude cormesponds 1o @
peakiopeck voboge equokag Vi
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Performance Limitations : Gain and Nonlinear Error
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Vou
Vm
: A " Ideal Vou Integral nonlinearity error (best-fit)
T o Vet ‘
34 Wi 11
C Gain error
1/2 4 34
" v ‘Integral nonlinearity error (endpoint)
1/4 4 3
Offset error i 1/4
0

B
00 01 10 11 (100) B D

00 01 10 11 (100) B
Fig. 11.9 lllustrating offset and gain errors for a 2-bit )
D/A converter. Fig. 11.10  Integral nenlinearity error in o 2-bit D/A con-

. verter.
Gain error:
the change in the slope of the transfer characteristic (due to the
inaccuracy of the scale factor or reference voltage).
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Performance Limitations : DNL/INL
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/Qalolglo\.ult!:t (LSB) AnalQﬂpRSl\B)l L

ONL,= 1LS8

DNL,=-0.5LS8

CupwsBON

000 001 010 011 100 101 110 111 Digital Code

® INL= Vig(iWLSB - i, i = 0 ... 2%1; (Vpu()-VigeaDVLSB ® DNL= (V,,‘,.(i)—v,w(i—1 MLSB-1,i=0..2"1
® INL= Sign(INL)Max.(INLJ) ,i=0 ... 2"1 ® DNL= Sign(DNL)Max.(JDNL]), i=0 ... 2°1
0 The linearity is a measure of the nonlinearity error at the output
after the offset and gain errors have been removed.

a Integral Nonlinearity (INL) : the maximum difference between the actual
finite resolution characteristic and the ideal finite resolution characteristic
measured vertically (the endpoints of the transfer characteristic vertically).

a Differential Nonlinearity (DNL): is the measure of the separation
between adjacent levels measured at each vertical jump and specified as a
fraction of LSB.
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DNL/INL Testing

101010%
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«INL :
Ramp the DAC input from 00000000~111111111, so we can get the DAC output
from black level to white level.
LSB = (White — Black)/511
INL = MAX{DAC(i) - LSB x i}, i=0~511

*DNL :
Use the same DAC(i) output step voltage measurements for INL to calculate the
DNL : DNL = MAX{DAC(i) - DAC(i-1) - LSB}, i=0~511
® D/A C output for digital ramp_code input
- e
ch 7Vs _ ch e
DNL = (T) *100% = (I ~1)LSBs DNL=.0.1721sb o/ ™ T SR e 4 9o 1sb
i :\\‘F
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Resistor String (Voltage-Scaling) DAC
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QSimplest voltage-reference divider.
UTree-type Resistor-String (Voltage-Scaling) DAC :
v'N-bit converter, 2N equal segment resistors for each LSB.

2 . é ESE *Voltage divider (Decoder-based) DAC.
¥ Sy g Dy
[ .
Vnal wf o |
R ,é Sovs R |% > / MSB Z R,
Vaeat—"—1 Y :z;"/_ | ’i‘- Viour = Veer - k;l
S Rra 2 p, " R
vy —" ! Var |?_‘/"' ] kzﬂ k
<, all o
Ry S . o < . b7
52 ] _
v e B
55 5 | 5 o
v, for—1 : oy
R,% X R, R
.VI-I:? i_l Vo ?_ IU
v" f




e Resistor-String DAC e
2010/5/3
Buffer amplifier: O Segmented resistor string
Low-impedance of switch network.
output to prevent a Switch: CMOS
; loading. (Offset transmission gate.
hcompensated
|sc amplifier) 0 Regular structure (well-
- N suited for MOS technology).
s —Iﬁ"" = Compact Layout.

a Monotonicity :

v' Accuracy dependent on the
matching accuracy of R.

v Poly-resistor ~#20~30 Q/O.
By = 0,27 427 +b2” = At most 10 bit accuracy.
(because the bit number T,
the RC-delay T and limit the
DAC speed).

Fig. 12.1 Resistorstring 3bit 0/ converter wilh o Ironsmission-gate, treelike decoder.

10101

Resistor-String DAC Design
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0 Guarantee monotonicity since voltage at each tap cannot be
less than the tap below.

o Equal segment resistors (Diffusion Poly-Si strip). = Good
differential linearity.

O To insure max uniformity of step size, Linearity, the R, of the
Switch (transmission gate) should be made as large as

possible! = but must trade off the Resistive loading.

O Speed : The delay through the switch network is the major limitation
on speed. = Also from the C,,, at each node of resistors.
v the R, of Switch (binary code-dependent settling time).

v Only Larger Capacitive Loading at the output node (No resistive
Loading).

v’ the operating speed (bandwidth) of the output buffer.




all

10101G=

Resistor-String DAC
2010/5/3
Vo o Large Capacity and More Area for the
digital decoder circuits.
— 0 Advantages :
- v Inherently Monotonic.
I v' Small area for resolution < 8 hits.
-‘- . 0 Disadvantages :
Fonsionors L B b v Large area for resolution < 8 bits.
(alloqual sizes) ¥ - i Y v Susceptible to Process Gradients.
2 v Susceptible to Contact Resistance.
~ v Susceptible to Voltage Coefficient.
= a DNL depends on local matching of
- lgl—" neighboring R’s.
d

Fig. 12.3  Resistorstring 3-bit D/A

with digital decoding

INL depends on global matching of
R’s.

1010100

Current Scaling (Current Steering) DAC
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Digital Input
word

V ~ : —
REF__Current Scalingf—
DAC
IN-l

ozo_ v

N YH' ;f | S
@ &:‘i« I

D,
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Binary-Weighted Current Scaling DAC Converters
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o Higher speed operation.
R; o Binary weighted.
" o For 10~20 um feature size, 0.2%~0.5 %

y LV matching accuracy. = 10-bit level at
oo oo O .
O T@ Qe TOus L o Difficult to design in the higher resolution :

v/ Must synchronize the input Digital
5y code.
Fig. 1213 Binary-weighted currentmode D/A converter. v Ro of the current source will make

nonlinearity (DNL and INL).

v Too many current sources and
large area.

v’ Large resistor, wide range
transistor size.

= these above consideration will
limit the temperature stability and
speed.

1010108\ - ] ] 120
The Binary-Weighted Current-Switched DAC Design
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0 Current-Switched DAC :Simple and high speed.

0 Advantages :
v'Inherent high speed.
v'Easy to generate Nonlinear data transfer.
v Easy to segment.
v Easy to Self-Calibration.
0 Disadvantages :
v Large glitches due to timing skews.
v INL depends on different transistor Matching.
v Critically dependent on Rout of current source device.
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T Binary-Scaled (Current Scaling) Converter
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R 0O The most popular approach.

W— o Binary array signal is current (in
resistor or current).

by b, b, b, ! —o Vo
! f f f QO Binary-weighted resistor
Converter:
l Bin=Db,21 +b,22+b, 23 +b,24+.....
v Q Large component spread leads
to poorer matching between
Fig. 12,7 Binaryweighted 4bitresistor D/A converer. resistors and maybe require
trimming for MSB resistor.
a Prone to glitches for high speed
applications.

Vel

s N : i
'°‘°'ﬁ Reduced-Resistance-Ratio Ladder

2010/5/3

Q The current ratio has
remained unchanged.

— 0 Inserting the series resistor-

3R for reducing the larger

resistor ratio.

0 R-2R method: Smaller size and
better matching accuracy than
a binary-sized DAC.

o R,/=2R,R,=R, R;/=2R, R;=2R

= L=V,o/2R, 1,2V, /4R, 1,=V,,/8R,
[,=V /2R,

Fig. 129 R2R resistance lodder.
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4-bit R-2R-based (Current Scaling) DAC | ™
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B0 L=V, /2R.
0 Widely varying current
levels.
i Vbl Re<h b
VoutZRFiZ_l:F :Vref?': 2ot
'Vval
Fig, 12,10 4bit k2R based D/A converer.
1010100 _ 124
4-bit R-2R-based DAC
2010/5/3
o v | 0 The resistor seen to the left
2R 2R 2R L Ry

of any of the vertical 2R

A

F‘Y e . resistors is 2R.
o V, .
y a Only three equal resistors.

Lo T Ip f‘% + —=Reduce the Current Ratio
(f ? ? and good matching.
Ve a Equal current to all switches.

Fig. 1211 R2R lodder D/A converer with equal currents [ Slower Speed

hrough the switches.

e a Fully Differential structure
for Current Scaling DAC
design.
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Charge Scaling DAC
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prevent the under cut.

Q=CV Common terminal:--.., Vout
L Lo L L. Lo 4 o1 e
f\'f.’.x‘e.’ff\ ;_ 2Mic I ’)V (;7 Ijr ;— = _;_ o | )
R
Vker .
_ Dus D D, D, D, Common-terminal pon—pIaE,e:
N-1 _
Vour = D2 Ve 221 | cal[Cal[cal[cs]
k=0 C3—4C1 Ica| |c3] |c2] |cs|
Common centroid arrangement: C4;8C1 |C5| |C1| |C3| |C4|
The area-perimeter 5 1
ratio is kept constant to 450 for corner. |C5| |C4| |C5| |C5|

10101G%
TThe Programmable Capacitor Arrays (PCAS)
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0O The Programmable SC Array
circuits.

a Very good matching accuracy for

voltage and temperature
coefficients.

a Binary (digitally variable) control
signal: b0, b1, ..., b7.

0 The total capacitance between x
and x'

7
C
C.= ZF

=0

_27cY 2
i=0

V_ref
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The Programmable Capacitor Arrays (PCAS)

2010/5/3

a Generally, largest number in a PCA is 6 ~10.

a For n > 8, the capacitance spread C,,,,/C,, = 256, and the
total capacitance C,= 511 C.

= 1. Capacitance spread inaccuracy (if Cmin for LSB is
chosen too small)

2. Excessive chip area. (if Cmin is chosen too large)

a The common centroid layout such as 12 um x 12 um unit
capacitor.

a 10-bit level (1024 :1) matching accuracy:

= For Matching ratio 0.1 %, the dimension is usually in the
range of 20~30 um.

max

10101007~ 1-28

The Charge Scaling DAC

2010/5/3

a Switched-induced errors are Offset cancellation.
cancelled by. wooe  Op AMp '
» The Offset cancellation Op Amp
by Phase 1 and Phase 2. e -

= In Phase 1, the control bits are _ H
applied. .

2l

Vout = _Vref i bi 2_i
i=1

Figure 6.17. An n-bit charge-mode digital-to-analog converte
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1010100

1129

Bipolar Charge-Scaling DAC

e o 3 SC offset-canceling amplifier :
-—1 -1_ insensitive to Op Amp input-
»  offset voltage, 1/f and finite

%(0) T

—" Gain.

QO Be careful in the clock
generator design.

Vrnfo_/ .

f@:(w

out ef zq 2_I C ref Zq

4 : 0O C2: as a deglitching
capacitor for reducing the

Fig. 12,12 Binary-armay charge-redistribufion D/A converler CI oC k fe e d th rou g h .

Q ¢,: precharge phase:C, 2C,
2*C  4C, 8C to Vref. 16C reset.

16C Q ¢,: evaluation Phase :

2010/5/

1010100

Thermometer-code 1-30
Charge Scaling DAC

Viet @

Top capacitors are
connected 1o ground

Bohom capaciors ang
connectad 16 V.

.|J—\o.

| : : eAll transistor switches in a
: thermometer-code are equal

j— .
| sizes with equal current.

Bution D/A tar

Fig. 1216 Th
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The Segmented DAC Design

AAA

_f[y—«vm

-||_.
P
o—rv
o

|
2
2R 7J2R J2R 2R 2R
H_J -
Vss

¥
Vet Vref/4AR

Current divider

Vref/8R Vref/16R

a

a

Vref/32R

2MSBs

fig. 1222 A sbi segmented D/A converter,

Y
4-bit binary LSB segment

The most popular design
approach but not
guaranteed to be
monotonic:

6 bits :

* 4-LSB segment is not
guaranteed to be
monotonic (R-2R
structure).

» 2-MSB segment ; 3
equal current source
using the thermometer-
coding (less glitch).

1-31
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0.18um 9b C2C DAC Chip Design

n

Vout = _Vref z bi 24

i=1

I}J_H

[

I
J

"':_
=
=

o

1

L1}

-
3=

Wbo : sign bit, bl MSB bit
bn : LSB bit.

vIf bo ="0"= the input signal
Vin is positive.

The same as the above DAC.

vIf bo =*“1" = the input signal
Vin i? n‘egative.

J

C=0.5pf, CL=2pf, Fs=15MHz

I
SALLEN-KEY FILTER

1-32
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C2C DAC Layout Diagram
2010/5/3 }' U
322./um
275.1um
Ll lOIW"A" . A 1-34
T Output of C2C DAC Circuit
2010/5/3 }' 7 ,_,U

e Giving an 8-bit digital signal to simulate an input of sine wave, and the

simulation re

sults as followina

...... | Pre-si:m.|
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Post-Simulation Result of FFT

. Output of Filter ...

1010100V
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Sampler and Hold Circuit Design




e i The Conventional ADCs e
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DOADC : Essential building blocks in many digital signal

processing system includes : one or more Comparators,
switches, passive precision components, a precise voltage
voltage reference and digital control logic.

Ao Anti-aliasing Sample Analog Digital
_Analog, Iactive-RC filter and to Digital output

Input 6th~10th order) Hold Vol Converter word
t
o ‘ . I
e f =pf time f —pf,

The Resolution of classical data converter is 10~12 bit range :
< limited by component matching and circuit nonlinearity.

f, - Sampling Frequency
f, : Signal Bandwidth

Al

“" sampler and Hold Circuits .

2010/5/3

aSampler and Holder S/H (Track-
s | @Nd-Hold) circuits :

e =Sample analog signal and store for

5 some time.

& *Applied in data-acquisition systems

3 D such as A/D converter.

bom computer

V.. = A, sin[2xif,,+ aft] 0¥

Qutput sigral of sample and hoid

Sampling signal with sampling frequancy ..

Fig. 8.1 The test setup for characterizing a sample and hold using o beat test

e S/H Max clock frequency (Min

conversion time) fo,5e=Tsample- . .' .
e Input signal slightly different clock : '\ ? A \

frequency. ARV V]
e Small frequency difference to Sanying g TSample

spectrum analyzer for beat testing. Fig 42 Bongl woshms o et ehp of g
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Switched Capacitor Sampler and Hold Circuits
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]
V, o—JI L T Vin-Vos and Vo, =-Vq
0 *Hold mode:
C, == 2 Vout: (Vin'Vos)'('Vos):Vin
—0 V,

Fig. 8.15 A simple swilched<apacitor S/H.

*Sampling : C is charged by

Quite accurate and Lower frequency: Vout=0 in the
sampling mode. = Sample and Hold circuits (not a Track-
and—Hold circuits).

Higher slew rate Op Amp and Fully Differential structure..

w1010 _ _ 140
Switched Capacitor Sampler-Hold and Low Pass Filters

2010/5/3

o «Sampling : C, is charged by V,, and
2 V.=V, (previous)
*Hold mode: V= V,,and charge in

C, . . .

‘ . C1is shared with previously stored
—i charges in C2.

et
e For low frequency, Vout=Vin

in the steady state. [scooch,
Fig. 8.19 A switched-capacitor sample and hold and low: 1991] .

o,
2
V-n OJI-

pesiie e Applied to convert High-
If C2>>C1, the ~3dB LP quality Audio signal from SD
frequency is: domain to CT domain based

~1cl

~ = T f Sigma-Delta DAC.
-3dB CLK
2r C,




10101 The input and output signal spectrum 141
of Sampler and Hold Circuit
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) 3 f Bﬁ‘ " St0@1 1h 4 282
Tpactium

Figure 13: S/H sinusoidal signal spectrum

Figure 12: Measurement results for a sinusoidal input

‘°‘°'+""M CMOS Sampler-Hold Circuit 2

2010/5/3

Veur+0.1sin2n - SMEG [E
™ G
e, 250 fF 1 o 250 fF
I I A
v ® Fig. 26 )
l i \ _Ili . 4 T V ourm
oy e 250 fF b1 R
™ . 3
v - —
Verr—0.1sin27 - SMEG O3 fo 1 12 13
A J— . l b
i i | | —

H H 1
aooﬂ.kdnnw.n!j'u%%&ﬂnmm“m"“'i i i I
- o 1 HWM W;I\Ftﬁ' ' I
znnn[ \ 1 I | 1

o Op-amp’s output common-mode

- - voltage. Should be 500 mV but it’s
closer to 400 mV (and decreasing).
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o"”“‘N\Sampler and Hold Circuit Simulation

1-43
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#¥F sample & hold cireudt #4%

10005m

800m -~

00m -~

FFT simulation in
65536 pt. @ 1.35 MHz

400m

oTages ()
=

200m -liq
)

AlUULL

-200m

N

-400m

N

-600m

-800m

Sample & Hold Simulation s w ma)

| Sample & Hold Circuit

10101
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&

0.18um 1.8V Op Amp Design

1-44

Vourp

® A two stage Op Amp
circuit with Miller
compensation.

® Because of there are
two stage in this
design, two same
CMFB circuits are
applied.

1

=

|
ETE

[T




101010 CMOS Op Amp Simulation
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HkE o stage folded casode operational amplifier *kE *HK twro stage folded cascode operations] amplifier #%%

Current ¥=1 014002 Frequensy=3||

o R e\ 2\

NN A VA

S

)

Voltages (lin)

it Sy

=

& Current =3 60e+003
0 Curent =5 8e-003 | o1,
] i -50
\ -400m
1 N4

T
4m

‘ -150 Time {lin) (TIME)
Transient Simulation

T T T T T T T T T
1 10 100 1k 10k 100k 1x 10 100x

Phase Margin: 54.7°, to 1V, but not distortion.
Unity Gain Bandwidth: 260 MHz

- T & The output swing of this Op
T NN . . .
DC Gain: 101 dB, Amp circuit could able to swing

1010100

2010/5/3

Analog to Digital Circuit Design

1-46




'°‘°'ﬁngle Ramp Integrating ADC Design
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Vin
Vref >
—| e
Reset] /i :
Interval
Counter t
1 o nT
Clock t=ur  [[[[I1II]

aThe inaccuracies from initial point,
Vref, RC time constant,... & Dual Ramp®
Integration ADC architecture.

| t

Digital number output

1.Transform input Vin to time

interval (whose duration is
proportional to signal).

2.convert the time duration into

1-47

digital number by an accurate

clock and digital counter.

Adv : High accuracy and
Simple operation.

But low speed (long conversion

time), and is easily subject to

error in the ramp generator and

Op Amp’s Vos

e Only for unipolar ADC.

jo10100-7Y "

Successive-Approximation Register ADC Design

2010/5/3

1-48

e First step Approximation Sequence: Sampling Input, then
Digital control circuits assume only MSB=1 to DAC
(=0.5Vger). Compare with input again, if X is high then
MSB=1 otherwise MSB=0 as N cycle for N-bit.

S/H Vin

Circuit

VDAC

VREF

—

aoThen MSB=1 known, then
the approximation process
continues by once again a
guess digital word to DAC.

+ €=Vin-Vopac
cision Comparator l—i j_
N-bit DAC | N-bit | e
Converter |+« Output | 1| shift
« Register [* -
Guess 1000, 1100, ... L register
|t [ Y

Conditional clock
Gates
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Successive-Approximation Register ADC Design

2010/5/3

Vv *The decision sequence.
REF . . .
*Binary search for possible subregions.
0.75Ver —_— *N-comparisons per conversion.
O'SVREF —
0.25Vge, —
- T .- t
o Succtssive?ApproXimation Register (SAR) ADC :
Most popular ADC because it offers high accuracy and
moderate conversion speed.
e Trial-and-error feedback ““guess” scheme to
approximate each analog sample with a digital word as
e In each cycle, if the error (between sampling input and
DAC output) is positive, the bit is high; otherwise it is
returned to zero.
e Compatible to bit-slice operation.
1010108~V 150

Flash (Parallel) ADC

2010/5/3

MN1toN e Advantages :

+Vref Thermometer v' Requires only one comparison
Encoder cycle per conversion. = Very High
R/ speed converter for video signal
vV processing.
Vin rN-1

Input Voltage

v All sub-regions are examined
simultaneously.
e Disadvantages :
Ndigitat v Need 2N -1 resistors and
output comparators in parallel= Large
area and power.
0011 <=CMOS inverter for small clocked
Comparator.
e Maybe One more comparator for
detecting the overflow condition.
e Need simple 3-input NAND gates
to check more than one bubble
errorsuchas0,0,1,0,1,1,1,1,...

VrN-2

Vr2

Vrl

AARAA

GND R/ pprarnsisr
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Two-Step (Subranging) ADC Architecture
2010/5/3
e Quantized Feedford
(Subranging) Architectures :
0.78125 coarse output (11001....), N-bits
0.8 O
nput g ‘
@)
S/H %

A

Coarse
Comparator
offset

DAC and
Subtractor
accuracy

'Amplifier
Offset and
Gain

Residue 0.01875

Analog output

'°‘°'+”"‘§ubranging ADC Chip and Measurement

1-52

2010/5/3

. E‘E

and

| B-bit

Technology
Resolution
4-bit Supply Voltage
Coarse Conversion Rate
Input Range

Resolution Bandwidth

Decoder e, Effective Number of Bits

Eror [0utpul’ Signal-to-Moise Ratio

ton Total Harmenic Distortion
Spurious Free Dynamic Range
Integral-non-Linearity

Fine Differential-non-Linearity
Power Dissipation

Area

Single Poly 0.35 pm CMOS
10 bits

3.3 Valt

25 MSample/s

1.6 Vee differential

12 MHz (25 MS/s)

9

58 dB
-62 dB
72 dB
0.9 LSB
0.7 LSB
195 mW
0.66 mm?

Fu= 1MHz,
Fe= 25 MS/s
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T Pipeline Algorithmic ADC Design
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.-U'H
iterative ADC:
-1
Vo =[2V,;4 —bVeee 12
Vin
Operation: Vo Stage | Stage 2 Stage N
*Each stage multiplies its input by 2 and adds or subtracts VREFVdepending
upon the sign of the input (like iterative ADC). ViVker — —ol = p(=0il)_p
* i-th stage : e P ‘M)-----\:LREF-—— ' Vier
bist ! ! !
Vi= 2V - bV ger =1 / /
s o — : . : —> Vi |/VRES
where b, is given as ;,ll V‘”‘S V”-S 1.0 '
LiFV =] | | |
o [T V20 4 NN VA N
i | -1l ]I-"I:_|{[] ——bi=-1 »le bi=+1 N
[bi.bisy]  [00]  [0,1]  [10]  [1.1]
‘°‘°'+"' Pipeline ADC Architecture 154

2010/5/3

VIN —» - -

stage1

stage2 stage3

Stage M

Cascade of low
resolution stages for

Analog Signal

S/H

Subtractor
+

DAC

N-Bits 1

Digital Output

N-Bits

|eubig Bojeuy |

higher conversion speed
* Stages operate
concurrently- trades latency

e Sampling rate :

50 MHz - 200 MHz

* Resolution : 8b - 15b.

*Low power consumption
and small chip area.

HInput accuracy limited by R and C of input switches (first stage).
EConversion speed limited by interstage amplifiers with high gain.
mFull performance evaluation affected by high operating

frequency.
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m b/stage MDAC (Multiplying DAC) |
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Lave Hoosakution LD

Fhaze 1:
0=C,*7, &)
Phase 2:
O (P -V, + (P -F )0, (3)

Where - s the output of the DAC, A is the op amp
gaju:l.u.ci 7, 1z the i.'npul: ':nltage of the op amp and thus,
V== Four .

4

From (4) and (3),

Vowe =V IO+, - 0C, = 3T,

Vow  _ g
Va-Powe G _G
4 4
Foralargs &,
¥, C,
=L ()
U, Vo Cs

ESubtraction, S-H and 2x
(gain-of-2) Gain circuit.

10101

s Block Diagram of WIMAX Chip Design

1-56

Y

This Work

E

F L
PF

LNA+Mixerlal Baseband signal

processing circuits

—» DSP

Switched

Capacitor
Filter

Passband=0~10MHz
Fs=80MHz

ADC

10bits
Fs=20MS/s

No sample-and-Hold circuit.




Cap. No. wio any scaling | After Dynamic Layout Cap.
Range Scaling {unit cap.=0.4pF}
c 1 0.87 457 1.828p
c2 1 1.54 248 1.672p
c3 1 0.83 k1] 12.4p
c4 1 1.0 621 2.284p
cs 1 0.47 6.85 2.74p
cB 0.285 0.1 122 0.488p
cr 0.362 0.18 1.05 0.42p
cs 0.285 0.195 2.06 0.824p
c9 0.382 0.176 1 0.4p
c10 0117 0121 9.4 3T6p
[ }] 0.299 0.142 1.68 0.672p
c12 0117 0.08 6.2 2.48p
c13 0.299 0.085 1 0.4p
c14 0.187 0.133 3775 1.51p
Cc15 0.187 0.066 1.89 0.756p
C16 0.285 0.126 136 0.544p
7 0.265 0.223 1 0.4p
c18 0188 0.146 49 1.96p
c19 0.067 0.028 1 0.4p
c20 0.106 0. 1 0.4p

Cap. Spread=
Cmax/Cmin=31

1010165 ) ; . 157
Tﬂ Switched-Capacitor Filter
2010/5/3
=
b Capacitor Table ot
2010/5/3




o= Op Amp Circuit in SCF
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o SC-CMFB circuit % '3* ‘3" =
CMFB2 -?_ _?_
o L = T — —er
. { Lao] = }
Vo > ey S
v,
. 1 i
d F

it e | e

VN1 it !.il
M’:llc—mgt“ %l:‘f-fu —ﬁ Mes E ;I-« g H* -
v l R s by Ly

[
g i Pt
T

.

[ 1

My

Bias circuit =

- ) e —

1l

l\_
In
TL
—1
1
[+

—

10101 ' . ] . . 160
Specification of Op Amp Circuit
2010/5/
SPEC. Pre-Simulation
Power Supply(Volts) -0.9~0.9 -0.9
Open Loop Gain(dB) =60 90. 83
Unity Gain BW(MHz) =75 452.5
Phase Margin(*) =60 62. 77
Output Swing(Volts) >+l 1. 687
V0S(Volts) Mininum 1.523
ICMR(Volts) -1-2 0. 6179
CMRR(dB) Maximum 111.8
PSRR(dB) Maximum 108.8 / 88.92
Rise Time(ns) <10 3
Fall Time(ns) <10 0.59
Slew Rate @ Rise(V/us) =10 212.43
Slew Rate @ Fall(V/us) =10 1085. 25
Setting Time @Rise(us) Minimm 2Tn
Setting Time @Fall(us) Minimum 6n
Noise @1KHz (V2 / Hz) Mininum 4. 28%10-6
Noise @10KHz (V2 / Hz) Minimum 2. 573%10-7
Noise @100KHz (V2 / Hz) Minimum 8.043%10-10
Total Harmonic Distortion(%) Minimum 4.56
Power Dissipation(mW) Minimum 5.3




10101 " Frequency Response of SCF by SpectreRF 161
(Corner simulation)
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Expressions
B
RS |
2108 w108 awi0f 107 207 w0’
freq (Hz)
1-62

‘°‘°'f""\'The Structure of Pipelined ADC
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digital output
M hits .P

Digital Error Correction

I |
Mhlta‘T- Ilhlta,ra Mhlm,.'-«

[ 0, 01, 1)
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INL & DNL o
2010/5/3
w INL BEST ENDPOINT Fl'lrJ s !J(\Ill
1% I : "
10 ]
m\ s | : ll
N A V'™
T e
-0
'8 E an an an T o
DIGITAL OUTPUT CODE DHCITAL GUTPUT SO0E
10101 1-64
SNDR and ENOB
2010/5/

6 T T T T T 10
s @-9_9'\o
19
z 3
z 9 4
n i
18
57
56 1 1 1 1 1 7
0 2 4 6 8 10 12
Input Frequency (MHz)
&== SNDR

eee ENOB
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T‘M Overall Chip Layout
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Ion

imulat

iIrcuit Si

woo-r - Syerall C

Output Code
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*¥* pinelined ade overall #4%
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Overall Circuit Simulation
2010/5/3 Reconstruction Result (input=1.31MHz)
i ! ?J i
I |
lé“zm(lm)(TIME)
1010100 1-68
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FFT(Fin=1MHz, 2048 points)

b B2
L0 TED-  —aa.1836 |
S SHE= 44 1052
3 ; ! SHNDR=  44.1052
: : ENE=  7.0341
7 O O S
{717 7 R Y S S S S S S
Bdly| -k I ——————————————————————————————————————————————————————
1004t
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Thanks for your attention !




