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2 . GaAs MESFET

2-1 . GaAs MESFET
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Figure 2-1. GaAs MESFET process flow.




Passivation Dielectric

Dielectric

Dielectric

Diglectric

....................... - e g e

Channel Implant \Ohmic: Implant

2-2. GaAs MESFET
Figure 2-2. Cross-section of GaAs MESFET .

Mask Level
13

=




2-3 . GaAs MESFET

Vitesse
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Ro, Re
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MESFET (Vrerr) (2-1)
Viet = Vio+ (GAMDSx Vpg) + K4(Vgg)+ TCVx AT (2-1)
, Vro, GAMDS, TCV , Vosi  Vasi MESFET
, Ki(Vesi)
. TCV -55 125
-1mv/ : GAMDS DIBL (drain-induced barrier
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2-3. GaAs MESFET
Figure 2-3. Equivalent circuit model of the GaAs MESFET .



2-3-2
HGaAs- IV GaAs MESFET
Statz (2-2) [28]

los = Bar( Vo) (14 AV [1- (1- aVeg/3) P TP+ g (2-2)

y Vgst:Vgsi'Vteff y a |DS'VDS
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: (velocity saturation)
(2-3) B e
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1+ VCRIT(Vgs- Vqo)
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los-Vos (square law)
Subthreshold (2-4)
lsus = loe o Vet MY (2-4)
0 , ND NG
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2-1. GaAs MESFET
Table 2-1. SPICE model parameters for GaAs MESFET .

SPICE

E-mode FET D-mode FET
VTO 0.261 -0.718 \
B 0.21 0.075 mA/V?
A 0.03 0.03 vV
o} 5 5 vV
GAMDS - 0.0084 -0.03 vV
V GEXP 19 157
SATEXP 3 3
LEVEL 6 6
SAT 3 3
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Figure 3-1. GaAs MESFET logic circuits. (continued)
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(b) BFL (c) SCFL
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Figure 3-1. GaAs MESFET logic circuits.
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Figure 3-2. Block diagrams of ring oscillator.
(@) Odd- stage ring oscillator.

(b) Even-stage ring oscillator.
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[A]
= >1
V 1+ (wRC|)

tan "(wRC,) = Wﬂ

(-4 (3-5)

|A|

> 1
v 1+ tan?(x/ N)

(3-6) DC A

, SCFL
. SCFL 3-1

3-3(b) SCFL
SCFL

3-3(b)
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(@)

(b)

3-3.
(a) DCFL (b) SCFL
Figure 3-3. Equivalent circuit models of inverter.

(a) DCFL (b) SCFL

- 21 -



H(j o) = ‘v’nUm}__ A
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H(jo)|= A

JIH(@RC) y1+(@R,C )
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SCFL m/IN 0 1
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tan ~ (wR,C,) = kf%

tan " (wR,C,) = (1-k)f%
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| A
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I : 3 T _I :. _1 T
i tan* G0 ,”I'Hﬂ" _U }*?H_ L 0< k< 1 (3-13)

(3-13) DC A,
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k DC A N
3-4 . 3-4 SCFL
, 2
k=1
(3-6) ,
3 . k=09 k=0.8
SCFL 10% 20% ,
DC 2
SCFL GaAs MESFET
3-2-3
SCFL
SCFL
[33] SCFL 06  GaAs MESFET
Vitesse H-GaAs Il
3-1(c)
3-5 SCFL 8
, , SCFL
29.33ps . , SCFL 2

8.52GHz . ,
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DC Gain of SCFL (VIV)

—a— k=1 (DCFL)
—s—k=0.9
—d—k=0.8

Number of Stages

3-4.

Figure 3-4. Relationships between the number of stages and DC gain to

satisfy the oscillation condition.
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Voltage (V)
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Propagation Delay (tp_ﬁ_} =29.33 ps

0.0 0.2 0.4 0.6 0.8 1.0
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3-5. SCFL 8

Figure 3-5. Output waveforms of 8-stage ring oscillator using SCFL inverter.
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, Veias+A

V. Veas-AV  INa  INs J2
J3 FET - (I
Ves?) J1 o FET J2
J3

lo = K'[Vams*+ AV - V(OUT)- V']’ (3- 15)

+K'[Veas- AV - V(OUT)- Vq']?

K~ J2 J3 ,
Vi’
VC OUTc
FET (32, J3)
V (OUT <)
V(OUTQ) = Vs V- | or(VC- Vi)2e V7 (3-19)
OUTe |AV]
, 0. 20V - 05 (-24V) » 0
, OUTc
2 OUTc
3-7 V(OUTc) V(OUTa)

- 27 -



VDD

H‘I§ $F{2

OUT, «<—+ +—> OUT,
INyg —2| 42 J3  |[=— INg
I [

J1 OUT,

VC —» llc

VTT

3-6.

Figure 3-6. Simplified schematic diagram of the proposed differential inverter.
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Figure 3-7. Output waveforms of the proposed differential inverter

under the sinusoidal input.
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Figure 3-8. Block diagram of the proposed differential ring oscillator.

- 31 -



3-3-2

3-3-2-1. SCFL

SCFL 3-9
. SCFL
FET
FET
cascode
J3
J3
, cascode R3
AN J3
: 2mA, R3 05 ,
-05V , J3 05 x 2mA + (-2V) = -1V
, 93 Vg 05V . , I3 9 ,
2mA J1  J2 ImA
.J1 J2 - ov FET 13
,J1 0 J2 J3
Ji1 J2
Ji J2 15
b 2 (gn)
(3-17) 3.2mA/V
gn = %“g = 280 (Vg Vo) (3-17)
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\ 4 L \ 4
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Figure 3-9. Schematic diagram of the proposed differential inverter.
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SPICE
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SCFL SCFL

interconnection
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20 270
. _'_‘_"'—-..___‘—‘h_‘_ _\ - 225
=S e ) 180
] _ e -~
o 135
LY
40 kL 2 a0
g 4 86GHz@ -90 ° 43
T 0
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40 | 1l L ...rl wd Q0
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Frequency (Hz)
3-10.
Figure 3-10. Frequency response of the proposed differential inverter.
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3-11 3-9 SCFL 2
3-12 3-13
3-12 2 -05v
5.05GHz (N1P, N1IN)
(N2P, N2N) 90°
SCFL - (OP, ON) 180°
3-13
OP ON 5.05GHz 10.09GHz
-043V, 0.2Ve-p , OP ON ECL

, SCFL

3-3-2-2.
3 5
3-14 3- 14(a)
(common-mode

feedback loop; CMFL) .5 3

3-14(b)

FET 3- 14(c)
ECL
5 3-15
-1.27v , 05Vi-p
ECL
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i 31 i : i ?ﬁ

VTT

3- 11 2
Figure 3-11. Schematic diagram of the proposed 2-stage

differential ring oscillator.
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1
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3-11

. (N1P, NIN, N2P, N2N)

Figure 3-12. Output waveforms of the circuit shown in Figure 3-11.

(N1P, NIN, N2P, N2N)
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Figure 3-13. Output waveforms of the circuit shown in Figure 3-11.

(OP, ON)
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A ! AN
<« —>
ZN (i Z
J1 JF
TOVTT VTT VTT
(@)
3- 14. ()
(@)
(b)
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Figure 3-14. Schematic diagrams of differential amplifiers. (continued)
(a) Differential amplifier with CMFL
(b) Differential voltage amplifier

(c) Differential amplifier and level shifter
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Y aA— — AN Y
ZN <«— EE— -
VG — [
OWVTT VTT vTT
(b)
3- 14. ()
(@)
(b)
(c)

Figure 3-14. Schematic diagrams of differential amplifiers. (continued)
(a) Differential amplifier with CMFL
(b) Differential voltage amplifier

(c) Differential amplifier and level shifter
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_VDD_ VDD _VDD_

ZN <«— EE— -
VTT VTT vTT
(c)
3-14.
(@)
(b)
(c)

Figure 3-14. Schematic diagrams of differential amplifiers.
(a) Differential amplifier with CMFL
(b) Differential voltage amplifier

(c) Differential amplifier and level shifter
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e DT
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3-15.

Figure 3-15. Output waveforms of the proposed voltage-controlled oscillator.
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3-3-3-1.
10GHz VCO SPICE
3-1 . -16V -04V
8.95GHz 10.13GHz ,
046V 054V : 3-16 : :
, -16V, -1.0V, -04v
, -1.0v
13.2%
ECL
3-17 VCO VCO
500MHZ/V
3-3-3-2.
3-18 30 -25
80 : -0.5v
-25 +80
10.34GHz 9.76GHz -55MHz ,
15mv/ 1.0mv/ . )
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3-1
Table 3-1. Output characteristics of the proposed V CO.

V) (ps) (GHz) (Ve-r)
-1.60 111.72 8.95 047
-140 108.56 921 051
-1.20 105.78 945 054
-1.00 103.22 9.69 053
-0.80 10091 991 053
-0.60 99.53 10.05 053
-0.50 99.13 10.09 0.50
-045 98.94 10.11 0.46
-040 98.76 10.13 0.46
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3-16.
( , , )
Figure 3-16. Output waveforms of proposed VCO.

(at the minimun, center, and maximun oscillation
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VCO Output (GHz)

10.5

Frequency range: 8. 95GHz - 10.13GHz
VCO Gain = 983MHz/V
10.0
9.5
9.0 -
Temperature; 30°C
35 | 1 | | I [ |
-1.6 -1.4 -1.2 -1.0 -0.8 -0.8 -0.4
VC (V)
3-17. VCO

Figure 3-17. Tuning sensitivity of the proposed VCO.
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Voltage (V)

------ 25°C 2 —— 30°C o =ww- BO°C
-1.0
-1.2
1.4
16 |

| [ | |
5.0 5.1 5.2 5.3 5.4 5.8
Time (ns)
3-18. vV CO

Figure 3-18. Temperature dependency of the proposed V CO.
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3-2.

Table 3-2. Output characteristics of the proposed VCO under the temperature

variation.

() (ps) (GHz) (Ve-p)
-25 96.26 1034 0.52
+30 99.13 10.09 0.50
+50 100.34 9.97 048
+60 100.95 991 047
+70 101.71 9.83 045
+80 102.48 9.76 042
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. 05 GaAs MESFET

2GHz VCO
; VCO
VCO
4-1
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Figure 4-1. RC delay method.

- B3 -

VCO
Output



VDD
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Figure 4-2. Pull-down current control method.
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Figure 4-3. Feedback loop coupling method.
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C=0 d2 , C=1 d3
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fe (4-2), (4-3), (4-4)
- 1 ;
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Figure 4-4. Characteristics of AMUX.
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Figure 4-5. |lllustrations of VCO using loop-coupling method.

(@) 3-5 stage (b) 3-6 stage
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Vi 1- A 2e/® C * Vo (4-9)
A%el® 1- C
Va 1- A2e® c Va (4-10)
. 49 (4-10) :
i 2
LA%* 1-cy . . )
[ A ¢ ] 1 (4-11)
A%el® 1- C :
1- AZe® "~ ¢ T %I (4-12)
4-12) (4-10) Vi Va
- . . (4-12) ,
B - = 4-13
° A7(1- ©)- ic] @13
0 (4-14) VCO Tosc
ta
2
0 . (4-14)
TOSC
(4' 14) (4' 13) 4- 6(b) Tosc
C ta (4- 15)
fosc (4- 16)
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- VCOo
- Output

Figure 4-6. Proposed V CO. (continued)

(a) Block diagram

V)t
Analog V.,
Multiplexer p—— D11 D12 p——
(AMUX1) '
—»Q
“Vy ry Variable Delay1 _
........................................................................................ s e e
N ¥ Variable Delay?
2 Analog
Multiplexer p—— D21 D22
| AMux2) |y
UY
@)
4-6. )
(@)
(b) 4-6(a)

(b) Modified diagram of Figure 4-6(a) for analysis
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0!
.1 |deal Inverter

(b)

4-6.
(@)
(b) 4-6(a)
Figure 4-6. Proposed V CO.
(a) Block diagram

(b) Modified diagram of Figure 4-6(a) for analysis
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fosc (GHZ)

3.5

calculated by Eq. (4-16) t“‘“iagwﬂ

1 | 1
0.00 0.25 0.50 0.75 1.00
Control Signal, C

4-7. (4- 16) 4-6

Figure 4-7. Tuning sensitivity of the proposed VCO shown in Figure 4-6
calculated by Eq. (4- 16).
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1
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| | | I
8.0 8.2 9.4 9.6 8.8
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Figure 4-8. Phase relationships between two AMUX input signals
shown in Figure 4-6. (continued)
(c) C=1

(@ C=0 (b) C=05
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9.0 9.2 0.4 9.6 0.8 10.0
Time (ns)
(b)
4-8. 4-6  AMUX - (

(@ C=0 () C=05 (c) C=1
Figure 4-8. Phase relationships between two AMUX input signals
shown in Figure 4-6. (continued)

(@ C=0 (b) C=05 (c) C=1
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Figure 4-8. Phase relationships between two AMUX input signals

shown in Figure 4-6.
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(b) C=05 (c) C=1
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4-9. 2GHz

Figure 4-9. Proposed 2GHz-range V CO.
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Yy Yy
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Y Yy
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Figure 4-10. SCFL inverter.
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DNO ] I DN 1 | | — 7B
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S | | [ 58
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VHREF
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4-11. SCFL (DM UX).

Figure 4-11. SCFL digital multiplexer DM UX).
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4-12. SCFL (AMUX).

Figure 4-12. SCFL analog multiplexer (AMUX).
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Figure 4-13. Output characteristics of AMUX in Figure 4-9
for the control signal C.

(phase difference of input signals: 90° )
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Figure 4-14. Comparison the SPICE simulation results of the tuning

sensitivity of the proposed VCO and the calculated results
by Eq. (4-16).
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Figure 4-15. Temperature dependency of the tuning sensitivity

of the proposed VCO.
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Figure 5-1. Conceptual diagram of charge pump and
its I/O characteristics.
(a) Conceptual diagram of charge pump

(b) Input/output characteristics
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Figure 5-2. Differential charge pump using current path controlling method.
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5-1. 5-2
Table 5-1. Relationships between current paths and input states of charge

pump shown in Figure 5-2.

UPP | UPN | DNP |DNN

|UP1 Ed Sl — |DN1
wm | o | 1] 0 1
|UP2 Ed S4 — |DN2

|UP1 g CP

1 0 0 1 lure - S4 - lone
Cv - S2 - lons

|UP1 g Sl - DN1

0 1 1 0 lurz — Cn
CP - 83 - DN2

|UP1—>83 —>|DN2
@ | 1,0 1] 0

|UP2 - 82 - |DN1




5-3 (active filter)

op-amp DC
DC op-amp [24] ,
op-amp DC op-amp
op-amp . (offset),
5.4 [22] (lue)
VC )
(lUP) VC (lDNl, |DN2)
5-4
VC |DN1 |DN2
UpP |DN1 |DN2
,lUP |DN1 DN2
|UP |DN1 |DN2
5-4
single ended
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DN —AN NN - > /CP
i K L OP-AMP
R32 C32
5-3. OP-AMP

Figure 5-3. Active charge pump loop filter usinig OP-AMP.
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Figure 5-4. Charge pump proposed in Reference[22].

- 87 -



5-

5-3

3-

1
PLL
[26]
5-5
5-5 5-2
5-4
2
2
2
UP, DN
(Sl, Sz, S3, S4), (UP:DNZO

(D1, D2),

(D11, D12, D21, D22)

- 88 -

(hold)

1
(lUPl, |UP2),

(Ions, lonz),
(F1,F2), |/
4
UP=DN=1)
2



Diode network for
preventing leakage current

.’"""""""""""'"'";

: i

: 4 3 :

] 1 02

Loop Filter : ° 1: Loop Filter
5 i 1 CRERR Y
i | : ' o
VCN | ! DHT p2t D12§/ D21 f . VCP
i R R I N I i i
: S S :
Cy : : % : C
| UPP DNN S
< UPN onP\ N <
S, S,
h L
Current Source Vs Ve Current Scurce
Control (F1) e L Contral (F2)
VTT VTT
5-5.

Figure 5-5. Conceptual block diagram of proposed differential charge pump.
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5-2.

Table 5-2. Relationships between current paths and input states of the

proposed charge pump.

UPP | UPN | DNP | DNN
lps —» D11 - S1 lons
@ | o 1] 0 1
lurs — D22 - S4 lowz
lups — D1 - GC»
1] 0 0 1 | lurs — D22 - S4 lowz
Cu D21 - S2 lons
lps —» D11 - S1
0 1| 1 | 0 | lue - D2 Cn
Cr D12 - S3
lupi > D1 = D12 — S3 - lone
@ | 1] o0 1 0
lup — D2 D21 - S2 - lons
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Figure 5-6. Schematic diagram of the proposed differential charge pump.
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Figure 5-8. Output hold characteristics of the charge pump. (continued)

(a) Conventional charge pump.

(b) Proposed charge pump. (without lon control)

(c) Proposed charge pump. (with lon control)
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Figure 5-8. Output hold characteristics of the charge pump. (continued)
(a) Conventional charge pump.
(b) Proposed charge pump. (without lon control)

(c) Proposed charge pump. (with lon control)
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Figure 5-8. Output hold characteristics of the charge pump.
(a) Conventional charge pump.
(b) Proposed charge pump. (without lon control)

(c) Proposed charge pump. (with lon control)
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Figure 5-9. Comparison of the output hold characteristics between the

conventional charge pump and the proposed.
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Figure 5-10. Temperature dependency of the proposed charge pump.
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Figure 6-1. Block diagram of proposed 2GHz-rage phase-locked loop.
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Figure 6-2. Schematic diagram of phase/frequency detector.
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Figure 6-3. Schematic diagram of 2-input SCFL OR gate.
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Figure 6-4. Schematic diagram of 3-input SCFL OR gate.
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Figure 6-7. VCO control voltages of 2GHz-range phase-locked loop.

(continued)

(a) frer=200M Hz (b) frer =250M Hz (C) frer=3125MHz
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6- 1. 2GHz
Table 6-1. Specifications of the proposed 2GHz-range phase-locked loop.

Vitesse H-GaAs VI

200MHz 3125MHz

16GHz 25GHz

rms 0.00072 Ul

7.88°

10.04MHz

+3.3V/0.0v/-2.0V

380mW (core)
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Figure 6-10. Block diagram of proposed 10GHz-range phase-locked loop.
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Figure 6-12. VCO control voltages of the proposed 10GHz-range

phase-locked loop.
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6- 2. 10GHz
Table 6-2. Specifications of the proposed 10GHz-range phase-locked loop.

Vitesse H-GaAs VI

3125MHz

5GHZ 10GHz

rms 0.00048 Ul

062°

352MHz

+3.3V/0.0v/-2.0V

500mW (core)
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6-3.

Table 6-3. Performance comparison between references and this dissertation.

rms jitter
fvco(GHZ) Process T echnology
(ps) (un)
Ref. [34] 15 183 0.02745 Si Bipolar
Ref. [35] 15 10.8 0.01620 Si Bipolar
Ref. [36] 20 28 0.00560 06 BICMOS
Ref. [6] 23 2 0.00460 Si Bipolar
Ref. [37] 25 36 0.01280 05 GaAs MESFET
Ref. [38] 25 4 0.01000 Si Bipolar
Ref. [39] 35 5 0.01750 Si Bipolar
Ref. [40] 6.0 3.1 0.01860 1 BiCMOS
Ref. [1] 8.0 16 0.01280 Si Bipolar
1.6° 0452 0.00072°
This 2.0 0.224° | 0.00045
Dissertation | 5 g ont | oooos0 | oo MESEET
10° 0.048 0.00048"
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ABSTRACT

A Design of GHz-Range GaAs MESFET
Phase-Locked Loops

T ae- Sik Cheung
Dept. of Electrical and
Computer Engineering
Graduate School
Yonsei University

In this dissertation, a 2GHz-range PLL (phase-locked loop) and a 10GHz-
range PLL are proposed for the applications of Gbps-range data communication
systems. The proposed circuits are designed based on 05 GaAs MESFET
fabrication process and verified by SPICE post-layout simulation.

In order to implement the proposed PLLs, the following novel sub-blocks
are proposed.

First, a 10GHz-range V CO(voltage- controlled oscillator) is proposed which
uses the frequency doubling effect at the common-source of the SCFL
inverter. Consequently, a 10GHz-range differential signal is obtained from
2-stage differential ring oscillator which oscillates at 5GHz-range. SPICE
simulation results show that the output frequency range of the proposed VCO
is 895GHz 10.13GHz for the control voltage range of -16V -04V, and
temperature sensitivity is -552MHz/  at -25 80

Second, a 2GHz-range VCO is proposed which combines two identical
3-stage ring oscillators by two analog MUXs. The proposed VCO can
overcome the MUX operation unstability and VCO tuning range limitation

found in previously reported VCOs with analog MUX. The SPICE simulation
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results show that the output frequency range of the proposed VCO is 148GH
z 284GHz for the differential control voltage range of -08v 0.2V, and
temperature sensitivity is -182MHz  at 0 80

Third, a high-speed differential charge pump is proposed, which uses a
leakage preventing scheme composed of GaAs MESFET diode and current
source controlling schemes by feedback loop. It provides more marginal design
conditions than the conventional methods using the current source control by
feedback loop. SPICE simulation results show that the output relative error of
the proposed charge pump is 0.16%/500ns at 80

Using the three proposed circuits mentioned above, a 2GHz-range PLL and
a 10GHz-range PLL are designed and verified by SPICE simulation. The
simulation results show that the maximum static phase error of the proposed
2GHz-range PLL is 7.88° , its maximum rms jitter is 0.452ps(0.00072U1), the
static phase error of the proposed 10GHz-range PLL is 062° , and that its
rms jitter is 0.048ps(0.00048U1) showing high stability.

PLL, 05 GaAs MESFET, 10GHz-range VCO, 2GHz-range VCO, High- speed

differential charge pump, SPICE
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