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BiCMOSE AH&-& A3t Aol wkAl7]e] A4
(Design of Voltage Controlled Oscillator Using the BiCMOS)

Z B OB* I X g F X B
(Yong Hui Lee, Gi Han Ryu, and Cheon Hee Yi)
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A gt o] A7) (VCO:voltage controlled oscillator) & FM Al& @z Fabd4 oAl7)9 e &
g A3 A FEe Hfo H4&AH s3] 2otk £ =FolME BiICMOS 32 & o/ 43 a%
FZ71& AH:-3le OTA (operational transconductance amplifier) 328} OP amp S A3l o5 &
2 sled VCO 32§ AAlsedch zalx o] VCOE OTASt At Alo] A&7, a2z fuje &
2]A 328 F4o] =of gk Fefolls CMOSE AHEdle] VCOE AAstgAIg A7l FF55
#o] & BiCMOSE AH&3le] VCOE AAISAh o] 325 SPICER A &adleld 3 Ax £9
F34& 105KHzoll A 141KHzol=] W3t 7t=+ 15KHz%it}

Abstract

VCO (voltage controlled oscillator) circuits are necessary in applications such as the demodul-
ation of FM signals, frequency synthesizer, and for clock recovery from digital data. In this paper,
we designed the VCO circuit based on a OTA (operational transconductance amplifier) and the OP
amp which using a differential amplifier by BiCMOS circuit. It consists of a OTA, voltage
controlled integrator and a schmitt trigger. Conventional VCO circuits are designed using the
CMOS circuit, but in this paper we designed newly BiCMOS VCO circuit which has a good drive
ablity. As a result of SPICE simulation, output frequency is 141 KHz at 105KHz, and sensitivity is

15KHz.
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He} Vol & chg} e 4oz AL 4 Utk

v°1(t)cci/; Lo dt+Vol (1)) BH(t=t,) (2)
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A4y ARl N3k A5) zel et
Vol(t) = 07gmc1 (5)
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Vref=0.7 p i Ra) (6)
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(7)% el Hrch,
1
Vol(t)= —0.7 gmz— t (7)
L
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A3he SPICE A gdloj 48} Azete Fodsieh

o204 V12 27] A3t —0.7 R1/(R1+R2)
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Fig. 2. VCO output waveforms.
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(b)
3% 3. (a) BICMOS #% &
(b} CMOS$} BiCMOS9] =47}t vim
Fig, 3. (a) BiCMOS differential amp. stage.
{b) Comparision CMOS with BiCMOS
delay time.
E: 1. CMOS$} BiCMOS 3129 vlw
Table 1, Comparision CMOS with BiCMOS circuit.
TYPE tf (n) tr (n) tphl (n) tpth (n)
CMOS 3.6 3.0 1.6 0.18
BiCMOS 1.6 0.6 1.4 0.1

of wlalste AFE £¥HAFE AY Ao AFTF
7124 34 Bipolar® uhsold OTAE A%
o] Awd 4% AEol wol ot o] CMOS
2 FAA =Y 25 SA4E FolAln A Z7E
A kg 4 doerng AR E Adsied g
F8o] 9ok 23d) ozl CMOS OTAE ulolE
2k9} CMOSE 2%3ld BiCMOS 322 FAsH«
32 AFe nsstsl, A A asln wE A
A7t 58 & 4 gk OTA 3 zoHe 243

"HAE (slew rate)o] F4E Fouvg oy =4

$ Zo 2 E FAINEE ARdG Falde &
€ Eol7] Y8 OTAE 2xbo g W Hislo A}
I AL & =FdAde e OTAR 2 2%
W4 gler 28 AR B4R 943 Holuz
2 3| A2 9ld 4 BiCMOS 32 AAHd=E
£ 5 U=

1) 3z 7449 532 A

a8 4E AYgAol OTA 3|28 RodFm gt of
714 Tr Mi3 M2 22la Q1 Q2& AFYddtes
M29} AlolE7} Violz M19] Aol E7L Vo]
t} MOS E @iz 28 M39 M5, M4t M6, M73} M9,
M129} M13, M103} MI1& 77t A% »]#] (current
mirror) & A%t 233 M8 AHYE wlojols
AFZ HAAA F71 973 AFdel=

oo [k wfo ob;) o

J

mi3jmie
I<COUT>
r—
Mig | M1t
e
M9F}‘
uss UpD = +SV
usg = -5V

34, OTA 332
Fig. 4. OTA circuit.
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i2=Fia2 (16)
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A (1928 ¥5 OTAY 2HAF iomd A5 ¢
Y} oY Trd olF A=A4e] Fo2 34 HE
& 4 At A7IA Trel o] F A=A gad uiel
& HAF Lol Hykzo ulalsted g3 e A
28 FolAA Hch

L 4[lnCox .__I_O_
gmn—/ (e w/L) i)

7] 4 Kn= (un Cox) /2[ uA/V?]O1 L pn® A AP
TE, Cot ARHESY &% ulolojA AFE viehd
o Lt AFY EWALEY Alo] Ak Vol w]d)
3t geAeg Fojalc
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L=Kn(W/L)8{Ve—Va—Vu)? (21)

Vin-d nild MOS9] 58 A gt (threshold voltage)
ojc}, A @I A 0ol hYsh Agel et

Kn (W/L) 8 (Vc_ V.,-—V...) :
2

=2Ka(Ve—Vas— V)V (W/L)i(W/L)8/2 (22)

4] el A OTAS] ©] % A=A|47} ulolo]A Ao
At Veoll wheld AgHoz wides AE & F
Adct 2eimg EHAFE A5YHF vlolojx V.
of ulaldhe ¢ 4 9lch z228lm ¥ 2004+ OTAS
2 AA AHEE o slebelE ge el ¥
e},

¥ 2. OTA MOS #ehelet
Table2. OTA MOS parameters.
MOS# | TYPE# L (u) W)

M1 MOD1 10 120
M2 MOD1 10 120
M3 MOD?2 6 60
M4 MOD2 6 60
M5 MOD2 10 180
M6 MOD2 10 180
M7 MOD1 10 165
M8 MOD1 50 20
M9 MOD1 10 165
M10 MOD1 10 165
Mi1 MOD1 6 165
Mi12 MOD2 6 180
M13 MOD2 10 180

3. OP amp2l 474

OP amp(operational amplifier) ohd& a2 32
9] 71 4z2A duiHal dlzE FA4RA SEnt
7 o]l Aoty 28l5E VCOY ¥ 32z
2] OP amp] 3|25 & BojFu Uk o714 M1,
M2,Q1, Q27 dAdslel e HEL AE Y
m M1¢l Ale]E7} VINI, M2¢] #Ale]E7} VIN29l &
o] slwi M3, M4} Ajsl A5 FEZchg FAct
M63} M7& 3% &4 F3YUL FA3v, aeln
M10, M11, 1852 M13, M142 ¥ A sl+= BiCMOS b
A FEZtog Ao gof, M8TH MIE AfYeld,
CCet Mi2w& 23 MAE 4Alolch, Mset M9, =
g1 M73 M9E 3|2 % ulelola AAFINY A
F vl & P4 Mi12 MOS E-dA AL EF
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Fig. 5. OP amp circuit.
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At & 1olAe SPICE 4] &30l Aol AH8-§ OTA
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BICMOSE AH&& A3k Ao} whairle) )
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E: 2 3. OP amp MOS s}eelel

Table3. OP amp MOS parameters.
MOS#| TYPE# L (u) W(u)

M1 MOD1 6 900

M2 MOD1 6 900

M3 MQD2 39 18

M4 MOD2 30 18

M5 MOD1 18 42

M6 MOD?2 21 51
"“W"’L"MUUT TT1I2 T 8

M8 MOD2 45 9

M9 MOD1 39 21

M10 MOD2 10 120

M11 MOD1 10 90

M12 MOD?2 15 21

M13 MOD?2 10 120

M14 MOD1 10 90

¥ 4. MOS$} BJT =4 s}ebeiel

Table 4. MOS and BJT model parameters.

MOS model parameters

BJT model parameters

MOD1  MOD2 MOD2  MOD3
TYPE | NMOS  PMOS TYPE| PNP NPN
LEVEL 20000 2000 IS 1.00d—16 1.00d—16
VTO 0.684 —0.652 BF 100.000  100.000
KP 4.60d—05 2.70d—05 NF 1.000 1.000
GAMMA 0.5000  0.400 BR 1000 1.000
PHI 0.703 0.684 NR 1000 1.000
CGSO | 2.20d—-10 6.50d—10 RE 1.200 11500
CGDO | 2.20d—10 6.50d—10 RC 7500.000  165.000
CGBO |5.50d—10 5.50d—10 CIE 13.30d—14 7.70d—14
RSH 30.000  55.000 CIC |510d—14 558d—14
cl 3.264—04 2.90d—04 CIS |2.88d—13 3.20d-13
MJ 0.314 0.461
CISW | 4.17d-10 2.454—10
MISW 0.441 0.717
IS 2.90d—06 1.17d—05
TOX 3.80d—-08 3.80d—08
NSUB | L.49d+16 9.59d+14
NFS 2.38d+11 1.49d+11
TPG —1.000 1.000
XJ 9.56d—07 1.06d—06
LD 2.00d—07 4.50d—07
uo 620.890  240.540
UCRIT |4.94d+04 4.50d404
UEXP 0.091 0.329
UMAX }4.86d+04 4.320+04
NEFF 2.000 2.000
XQC 1.000 1.000
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Fig. 6. Entire circuit diagram of VCO.

f= — unCox (Ve Vas—Vun) ¥/ (W/Li(W/L)8/C

=5.039% 107*(V.+4.316) /C (24)
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So] VAt 7 4% Fulg wAle] WAl
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T T
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18 8. VCO2 SPICE Al galol4d A3
Fig. 8. SPICE simulation results of VCO.

7ke] 28 Faldl oF 105KHzol A 141KHzolw] W
3t Zx+ o 15KHz/Voldt,

[1] J. Kukielka and R.G. Meyer,

2 F XM
“A high
frequency temperature stable monolithic
VCO,” IEEE J. Solid-State Circuit, vol. SC-
16, pp. 639-647, Dec. 1981.

[2] Alan B. Grebene, “Bipolar and MOS analog

integrated circuit design: Willy Interscience,
pp. 215-233, 1984.

(1725)

FXE 4t

B 5. OTA9 54
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