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ABSTRACT

This thesis presents Half flash ADC 4-bit without DAC. It is considered with
parameters, which has the effects to the various performances of ADC. The structure of ADC
consists of two main steps. The first step is the current compare according to with the adjustment
the ratio of W/L of CMQS and improve the response to the comparator of the circuit to be faster
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15199 5.3 Wisuimesuedanassu ADC Taulily DAC

Parameter 2-bit 2-bit 3-bit 3-bit 4-bit | 4-bit 6-bit 6-bit
Adapt Adapt Adapt Adapt
Power +5 +5 +5 + +5 +5 +5 +5
Supply (V)
Reference 10 10 10 10 10 10 10 10
Current (LLA)
Power Diss. 50 5025 | 51,29 | 51.73 | 5217 | 5263 | 50.02 | 50.08

Voltage (LLW)

Power Diss. 3797 | 4215 | 4198 {4523 | 48.7 | 54.98 | 37.62 | 40.05
Current (LLW)

Conversion 0.26 0.22 0.32 0.26 0.39 .35 0.42 0.395
Time (LLS)

Gain error @ -0.08 0.047 -0.20 -1.2 a3 -2.84 0.36 0.33
full scale

Maximum 0 0.035 0 0 | 043 0 0 0
DNL (LSB)

Minimum -0.08 | -1.356 | -0.17 | -1.34 0 4737 [-1.3 | -0.89
DNL (LSB)
Maximum 0.08 {0364 | 039 | 075 | 0.39 0 0 0.033
INL (LSB)
Minimum -0.03 | -0.001 | -0.84 | -2.49 | -0.7 | -2.40 | -2.51 | -0.002
INL (LSB)
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HALF FLASH ADC 4-BIT WITHOUT DAC

V. Tipsuwarnpron , S. Chuenarom* , W. Chuchotsakunleot, P. Roungruen and S. Maitreechit*

Faculty of Engineering,King Mongkut’s Insititute of Technology Ladkarabang
Bangkok 10520 Thailand. Email: ktvittay@kmitl.ac.th
*Faculty of Engineering ,South-East Asia University
Bangkok 10160 Thailand.

Abstract : This paper presents a principle of parallel ANALOG TO Digital CONVERSION (ADC) based on current mode
HALF FLASH ADC. This circuit can be converted to 4-bit output at each moment, and multiple output bit numbers by serial
connection. A current mode, the ACTIVE CURRENT MIRROR and current comparators that controlled reference current by
W/L ratio, has been used. Its feasibility agrees with simulation results of PSPICE program. The circuit design used CMOS 0.8
um which is capable to convert 4 -bit in 50 nS, power consumed 0.127 mW, input current 0-100 pA and single 3V supply.
From simulation testing, the conversion rate is faster than other method.

with desire multiple bit output. If 4-bit ADC, it must be
1. INTRODUCTION used four conversion time. In this paper, the circuit was
designed to achieve 4-bit BCD output in each conversion

The analog circuit design technique was developed to time.
work under current mode by using digital submicron M5B Lse
CMOS technology [1], low voltage operation, high speed, ——?—?—_? i
which used in CMOS ADCs. Such as TWO-STEP e 3
FLASH [2] pipe- line [3] and ALGORITHMIC [4] under BCD Encode
the high-speed requirement with high resolution and less
energy consumed. All the three principles are brought to
put under consideration in order to achieve the required \
characterization for ADC. Since, each individual
characteristic cannot give the fully required property. 1y —0 S .
High-speed ANALOG TO DIGITAL CONVERSION by C ElEl-—
FLASH and TWO-STEP FLASH is quite popular but by /rs —e0—

FLASH, cannot increase the number of bit at the output.
The number of comparison bit has to be 2°-1, and n is the
output bit. So it has to space the area and powers twice of
the number of output bits. For TWO-STEP FLASH, the 7
conversion speed is low cause of main circuit DAC

implementation, which total conversion time must be T . n:h s s

included both conversion time and operation time of § sl tolye R

DAC. In this paper, a high speed ALGORITHMIC ADC A o ol aToTn i

is proposed. The propose ADC speed higher than {4}

about four times. Cause of its convert 4-bit per each !

moment with ten quantized level BCD an output is based .

on ALGORITHMIC ADC. The propose ecircuit is l

simulated by PSPICE program to confirm its performance. B I ]
Eer .

2. PRINCIPLE OF OPERATION AND DESIGN Fig 1 Relaon betwoor Ty i 1
ig.2 Relation s b
The previous ALGORITHMIC ADC [4] in order t0 g jmplement this function can be illustrated in Fig. 1,
multiple bit output can be used serial connection of each  p:ih compose of 10 times gains current amplifier
one-bit cell. Causes a conversion time increate associate (AMP), current comparators (comp 1 to comp9), BCD-



ENCODER for encode the output comparator to BCD
output at D, C, B, A output terminal, current summation
circuit (£1), and current subtractor circuit (£2). These
circuits operate as follows: input current [, is fed into
circuit and compared current with reference value of
comparators compl to comp9 which set value of /., to
91, respectively. If I, exceeds their reference the output
will be high. These outputs are encoded to BINARY
CODE DECIMAL by BCD-ENCODER and enable the
summation of Z1 to their reference. Therefore the output
of £1 is zero if all comparator not active and /1..r, 2/,.sto
91.., which associate with their output comparator. This
output is fed to subtract with J;,, on 2 and than fed to
amplified with 10 times gain to output current (/,, ) by
AMP10. Consequently, the output I,,,, will be write in (1).

Fy swhen I, >1,
=1 owhen I slg =200,
B =21 o swhen 21, < I o€ 1l
Ty =31, when 31, FlLgf<4l
b, =41, when 4Lf K1, <5

I,, =104 3 (1)
| HhelEege T swhen 51, <[,."<6qu
I, ~61 . wheny 1 . <1 <718
Ty =71 swhegng 713 <1 <815
Iy =81 whell 81,5754
(L =91, WHen=" 91 .7 <4y

3. ACTIVE CURRENT MIRROR

The maximum multiple output bit of the proposes circuit
is defined by error of CURRENT MIRROR [5] which
usually no lesser than 1%. To correct that, may be using
CASCADE CURRENT MIRROR. But, it reduces the
input operation rang. Hence the ACTIVE CURRENT
MIRROR has been used to improved disadvantage and
brought about implementation for bit output increment
with non-reduced input operation rang. The ACTIVE
CURRENT MIRROR circuit shown in Fig. 3, and its
error shown in equation (2). Where r, is the output
resistance of the previous stage and gm is the
TRANSCONDUCTANCE of transistor M1. (Usually, r,
= SMQ, g = 20 pA/V) Which amplifier (A) gain equal
to 100 V/V causes the error of the ACTIVE CURRENT
MIRROR circuit equal to 0.01 %.

Iin _Iour e VAg""l = 1 (?)
ro < 1/quml Agmlro
Vbias =

| P |
| 1

Fig.3 Active current mirror. S
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4. CURRENT COMPARATOR CIRCUIT

The current comparator circuit is similar to current
comparator circuit propose in CADC [4], Which enable
to control comparison ratio in [5], analyses the operation
rang and specified transistor characteristic in [6]. In
operation, each comparator part will be separate. Fig 4,
the reference level define by bias voltage (V) of
transistor Mg to Mycg, which set threshold current equal
1,10 91, respectively. The Fig. 4, the input current (7;;)
on drain of transistor Mp, forcing the drain current of
Mec; to be equal I;, . If this current exceeds the reference
threshold current of Mp¢;, which set to [, the output of
compl will be high (+Vdd), otherwise it will be low.
Cause the transistor Mpc; is active in linear region and
Myuc active in saturation region. The relationship of
output voltage can be write by (3).

1

¥ (garcr +Banen)

Substitute as g7 = AU W= lzﬂcox %]D

(Bmpcr Vespar +8mnar Vesnar) (3)

out

onto (3) than to get (4).
o e (W vy —WNC*] @)
2 (dp + A I\ Loy Lye:

We found that, the equation (4) can be set output to high
or low by control W/L ratio of Mp and My transistors on
comparator circuit, which compl, comp2,...,comp?9 is set
W/L in order to output voltage relate 10 Ly 21f....9,f
respectively.

+Vdd

Mea

il
/
£1

Q/p
comp n

Vout 4

—f@j Ll
a

-

i
] I—— =

Fig. 4 Current comparator circuit.

5. BCD-ENCODER CIRCUIT

Principle of comparison as describe on table I can encode
the comparator outputs to BINARY CODE DECIMAL
by REED-MULLER minimization [7]. Therefore the
D,C,B and A output can be write as equation (5),(6).,(7)
and (8) respectively.

D =Comp 8 &)
C =Comp 8 ® Comp 4 (6)

B = (Comp 2 ®Comp4)+(Comp6 ©Comp8) (7)



A = Compl ® Comp2®...® Comp9 (8)

From equation (5) to (8), It can be constructed to
BCD-ENCODER circuit by 48 MOS which connection in
form of PASS TRANSISTOR. The EXCLUSIVE-OR
gate in this equation can be created with six MOS and
illustrate in Fig.5.

S

—I%;F
;s

Fig. 5 Exclusive- OR gate circuit
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6. A 4-BIT BCD HALF FLASH ADC

Fig. 6, shown the integration of the propose circuit. The
input current I, is fed into drain of MI, which
constructed in ACTIVE CURRENT MIRROR forcing Ip;
and Ip of Mpe, MPC2,...,Mpey to be equal I, This
current is fed to input of comparators compl,
comp2,...,comp9 for comparison with reference which set
t0 Ly 2lrefs. .-,y by WIL ratio of Mnci, Mucz,---Mnco
respectively. The output of comparators will be encode
by BCD-ENCODER and enable MOS switches (Ms; to
Mgg) for subtraction /;,, which stored as drain current of
Mpcr to Mpee, with reference of each quantizing MOS
(Mnci to Myco) which set value of I, to 91
respectively. Ten-times amplifier then fed to output
terminal as output current (I,) gains the result of this
operation.

Input Current Output Comp Output Current BCD Digital
output
" A ERER S U EAINR I D|C[B]aA
Ll 0 | 0| O.0=0 | AV | W< @50\ bl 101, ORxQ104i0
bl <2l 0t Unt” Opi=th | XTI 0 A0 1 10(5—1,ef fl |[NO%]| O | 1
2er<li<31,r 0 01004800 80 340 3 /0N 141 10(1in~21,p 019% 1 0
e <Iin<4les 8% | 9 02000818 D~ ) i, [l 10— 31,0 Us] OA R 1 1
4l <1;y<5l,er olojojololr {111 100, —4Lp) .01 [0]0
5T, e <Ly <6l,es o lofJolofrlilr]1]n Pode=atm " | 02fo10[80 [ 1
Oler<Tin<7ler 9 e =0=tt 1 1 V) (Ve 1 10(1;, = 61,ep LA b 1 0
7l,£61 7 <8Ler 0 Q 1 1 1 1 1 1 1 10— 7131) 0 1 1 1
8le<din<9Ls 9] 1 1 1 Joged 1 1 10(1;, — 81,p =080 | O
I er<lin 1 1 1 1 BN 1 1 1 10(T;, — 91,9 I WFO Y 1
Table I: Comparison condition of output signal.
msB B8
_____________________ . Ui <A i - e e e e ey
!
!
[*) & B A |
BCD-Encoder !
!
AMP 10 !
l !
Mocs il i e BgaT Mio e ¢
o S R s = Mee i M . "
= I 4 bias i
e iR S, A e fn-:|JMn¢_I_ e F; Mas Mrs i
1 i i
E

Fig. 6 Unit cell circuit diagram of Half Flash ADC output BCD 4 - bit.

7. CONCEPTUAL OF MULTI-BIT ADC

The purpose ADC can be multiple bit by serial
connection of 4-bit cell as shown in Fig. 7. The input



current I, will pass through a process of first “ 4-bit
FLASH ALGORITHMIC ADC ” and transfer the output
current (Ioy) to input Ii; of the second one. This manner
given 4-bit BCD output per cell. This sequence is
repeated until the desire bit has been achieved. The
maximum possible conversion bit depends on error of
match component fabrication process. This are forced to
error on current mirror which important of maximum bit
implementation.

Fig. 7 ADC connection of n -bit multiple circuit.

8. SIMULATION RESULTS

The ADC was tested by PSPICE program simulation
using single 3V supply, reference 10puA current. The
input current varied 0-100pA. Two output of simulation
results are analog which shown in Fig. 8, and digital
shown in Fig. 9.The output of comparators shown in
bottom Fig. 8.

o F(ITH) « TD(HIGUT)
T et

| Codol

i | Comp2 Lt:uwa
H Conp3 Cope?

H C C

H uro: 5

FrieTs) !
< AR S EPEPETN, T, - WiRe— S SPERRRUR. . =¥ A, « B 1
AR

- . 2us LR LR o Bus
 W{HIT) o B(K22) = U(KI1) . U(MNA) = B(MSS) - U(NGE) » U(HWIT) . B{eEB) . ViwwE)
Time

Fig. 8 Relation of current /,,, I;, and output of the Comp1to Comp9.

7 S
H
H

0.2us Bhws 0.bus 8.8us 1.5

=
o WB(MIE5)
Tine

Fig. 9 Relation between [ and digital output.

9. CONCLUSION
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The simulation results evident the feasibility of 4-bit
BCD Half Flash ADC method with current mode and can
be multiple bit by serial connection of ADC cell. The
maximum bit multiple limitation associates with error of
current mirror. The conversion accuracy depends on
controllability of parameter that associates with W/L ratio
in fabrication process. The conversion time is function of
mirror delay and switching speed of MOS transistor.
Because of output is BCD; it is useful to various digital
electronic application designs.
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B4
Cl
C2
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15
15
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20
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D2
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D2
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25
25
25
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Bl

B3
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Cl1
€3

Cl
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D3
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NMOSI1
PMOSI
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PMOSI1
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PMOSI
NMOSI1
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PMOSI1
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MSE 0 E2 El Bl PMOSI W=1.2U L=1U

M6E 1 E2 E3 0 NMOSI W=1.2U L=1U
M7E E4 B2 1 1 PMOSI W=1.2U L=1U
MBSE E4 E2 0 0 NMOSI1 W=1.2U L=1U
MIF - Fl 30 1 1 PMOSI - W=1.2U L=1U
MZF - E2 30 Fl Fl1 PMOS1 W=1.2U L=1U
M3k E2 30 b3 0 NMOSI W=1.2U L=1U
M4F 3 30 0 0 NMOSI W=1.2U L=1U
M5F 0 F2 Fl F1 PMOSI W=1.2U L=1U
M6F 1 F2 F3 0 NMOSI1 w=1.2U L=11J
M7F F4 F2 I 1 PMOSI We=12U L=1U
M8F F4 F2 0 0 NMOSI W=1.2U L=1U
*. . NMOS. 1.*

.MODEL NMOS1 NMOS LEVEL=1 VTO=1.0 KP=17U +GAMMA=1.3 LAMBDA=0.01
PHI=0.7 PB=0.80 MJ=0.5 +MJSW=0.3 CGBO=200P CGSO=350P +CGDO=350P CJ=300U
+CISW=500P LD=0.8U TOX=80N

.MODEL PMOS1 PMOS LEVEL=1 VTO=-1.0 KP=8U +GAMMA=0.6 LAMBDA=0.008
PHI=0.6 PB=0.50 MJ=0.5 +MJSW=0.25 CGBO=200P CGSO=350P CGDO=350P CJ=150U
+CISW=400P LD=0.8U TOX=80N

.TRAN 0.04U 1.001U

.PROBE

.OP

.END
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Performance 1133235993 ADC [13], [14], [15]
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i i 1 ] ] -
s 1 23 4 5 6 7 FS AnalogInput
R B . e b Value
SBWR B9.8 8  d=FD
| > Midstep Value
| of 0 ... 100
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Error
A
+1/2 _]
LSB

Analog Input
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b

=P 8

LSB

Inherent Quantization Error
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" 1 a o« a
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4.2 ﬂ')'lllﬂil'lﬂlﬂﬁﬁ)uﬂﬂ@ﬂvlﬂﬂﬂl‘iﬂ

4 @ = 4 P
ANUADIAAADU AININN 3.9 Lﬂumwmmmﬂaauﬂszmﬂﬂu-ﬂmxuu ADC
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111 4 /
& Ideal Transfer 1 r
b 10 == Function g
S 101 4 A
B o - 5
a 00 = 5 v Actual
B ]
£ 011 4
e 010 + o o
0oV = Analog Input
i 1 1 1 1 1 | i Value
000 T 1 T 1 T f 1 L
Nominal _S l 3 i i i E. 1 FS
Offset Point 8 178 \ 8 873 sr8
Actual
Offset Error Offset Point
(+1 1/4 LSB)

= P a
MNN 1.2 AuanaRtoueeimues ADC 3 1in
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povala Ny +1 1/4 LSB iiumsmiuanurawaiatt 11 luszuuves ADC 194

13 ANUARAINADUYDIUNDN

ANUAMIAINABUYBUNAUAT IUSTUY ADC Al MuanA1eszHINAUNE lugaundny

" - a ; a - an v 1 '
Aunamninavuese Tasfierdnaataeasgluannzimumna lunmil 43 Aufumnaves
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il " ¥ "
FSR #iganenanaiinmiiiy 0.5LSB n3e 0.0625 dmiv 3 dn Aeviniudaligaunusinda

N w -
VUITINYANINAN AINTAN 1.3
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§- sl 1 - } .TlGain Error
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§ 011 + - }/
g 010 = }/ Ideal Diagram
001 /:/ l—(518+3/32)
R o T e
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85 Y8\ B 48 & 8

Analog Input Value
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