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[Figure. 1] Fully Differential OP Amp for Term Project
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Hand Analysis

OP AmpOl AtZEl 2 Transistor@ AOIXAE HGIJIWH €M =0H& Specification=2 &t

H 2 XAt
DC Small Signal Voltage Gain = 1000
Output Voltage Range = 1V
Gain Bandwidth Product = 100 MHz
Phase Margin = 60°

1. Determine Length
ol BAHNHAL =2 Transistor LengthE A6 CE.
L=0.7um& AKX 2H, 00 C+E PMOS, NMOS ParameterS2 OtefiS [Table. 1]0i
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Vro (V) Ke (MA / V2) A(/V)

PMOS 0.75 52 0.06

NMOS 0.59 132 0.08
[Table. 1] Transistor Parameters for L = 0.7 pm

2. Transistor Equations
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3. Gain Calculation
212 [Figure. 1]0l E2¢Ql SchematicS HIE2Z Small Signal Gaing =422 E0HEYU
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4. Determine Current

Ol T2 HE = Power Consumption LimitO|l Specification@2 FHAIX LU =2,
Current &= TmAZ Zot¥ D, MetA lpga = log= lota1s16 =1MA, loss10,11,12,13= Ip1.27.8=
lpi7.18= 0.5mMAZ & GFAULCE.



5. Determine Vpsat Of each transistor

Output Voltage Range2t 1.0VOl&r =/ O 0F

M3,4,5,61t M10,11,12,132 Vpgarad &

o2 Z, Folded Cascode®
Otehel [Table. 2101 &2

Transistor Vosar (V)
M3,4 0.5v
M5,6 0.5v

M10,11 0.5v
M12,13 0.5V

2t Transistor
0l A5t

[Table. 2] Vpsar of Transistor M3,4,5,6,10,11,12,13
(CtetA Output Voltage Range= CHS 1 20| RoHE %= UL,

VOUT,MAX =Vpp — VDSAT,M3,4 - VDSAT,MS,G =33-05-05=23V
VOUT,M]N = VSS + VDSAT,MIO,II + VDSAT,M12,13 =0+05+05=1.01
OVR = VOUT’MAX - VOUT’M[N =23V —-1.0V =13V >1.0V

Input® Transistorll Vpsarat= F0otk21 &0, Output Common Mode VoltageE 24 2+aH
2 AL Output Common Mode Voltage= 0.5-(V,, —V¢) =165V It == aliOF ot2 2,
M162| GateOll JtoiAl= VREFg{=S 1.65V gt = HOIRULE.

s, M7t M80| Saturation Region0l M =& GHAH ot RIHME Vosarat Ol = A St
1.65V = Vigy =1.09V0l ZIHOF StCH M2l Vpsarat S Active Input Common Mode Range
£ 1dat 0.3vE HotLCH M13F M22] Vpsargd &€ Al Active Input Common Mode
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Voltage® DC g2 Input Common Mode Voltage = 2.5V2 oIS H, M99l Gate
Voltage= 2VZ AoSULCH.

2 E Transistor® VpsaratS OFcHCl [Table. 3101 &H2| 6HUCH

Transistor Vosar (V)
M1,2,17,18 0.3V
M3,4,14 0.5V
M5,6 0.5V
M10,11 0.5V
M12,13 0.5V
M9,15 0.3V
M7.,8,16 1.1V

[Table. 3] Vposar of All Transistors



6. Calculate (W/L) Ratio
219 [Table. 3]0l Hel=l 2t Transistor@ Vpsaratdt, CurrentES HIE 22 Current
EquationS 0l20t0d, W2t L2tS OteHel [Table. 4]0 A2l otUCE.

Transistor W (um) L (pum) Transistor W (um) L (pum)
M1 70 0.7 M10 21 0.7
M2 70 0.7 M11 21 0.7
M3 108 0.7 M12 21 0.7
M4 108 0.7 M13 21 0.7
M5 42 0.7 M14 108 0.7
M6 42 0.7 M15 118 0.7
M7 4.7 0.7 M16 94 0.7
M8 4.7 0.7 M17 70 0.7
M9 118 0.7 M18 70 0.7

[Table. 4] W and L value for all transistors (except M19, and Bias Circuit)

7. Verify Specification
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) 1
Gain=-g,, (—+&,6) (R, [ 7,6) - (7, | Ry)
06
1 ng .ro .r()
~ _gml (_+gm6)((gm12 '7’012 .FOIO) || roé) '(rol || (M))

r06 gmé ’ r06

Em =\/2"U'C0X '(V%)'ID,I =0.00363. g, :\/2”U'C0X .(V%)'ID’G =0.00177

Guiz =2 1 Coy W/ ) 1,1, = 000198, 1,y =(2-1,,)" = 25000,

re=(A-1,6)" =33333, 1y =(A-1,,)" =25000, r,, =(A-1,,,)" =25000

o

(tct M, DC Small Signal Voltage Gain = 2419 > 10000/ £ 2 Gain Specificationg 2=
StCF.
Dominant PoleS ol £ At. Output NodeOll SpecificationOil =&l HZ C_ = 10pFOl
HABENH U222, Dominant Pole2 Output NodelllA Zdiat=S

1 1
2.7 R -C,

[

Frequency, ,, = v R, =(&on T2 1) 1 (&6 Tos " (T [ 704))

re=(-1,,)" =16666

19 A= 0l80tH, Frequencysgs = 63 kHz, GBW = 152 MHz > 100MHz0|22 GBW
c Ct.

o

Specification £t OtX



8. Conclusion of Hand Analysis

Hand Analysis2 <18t 2= Transistor@ SizeZ DC Small Signal Voltage, Gain—
Bandwidth Product (Unity Gain Frequency) % Output Voltage RangeE 2t=0H Lt
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[Figure. 2] Simulation Result of Hand Analysis
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Simulation Results

1.Sum (Wx L)
OtcHel [Table. 51 EH OP Amp2 2 & Transistor® Size?t BIAS Circuitl 2&
Transistor@ SizeJt LI QULCH.

Transistor | W (um) | L (um) | W x L (um?) | Transistor | W (um) | L (um) | W x L(pm?)
M1 400 0.7 280 MP1 30 0.7 21
M2 400 0.7 280 MP2 120 0.7 84
M3 200 0.7 140 MP3 30 0.7 21
M4 200 0.7 140 MP4 30 0.7 21
M5 100 0.7 70 MP5 5 0.7 3.5
M6 100 0.7 70 MP6 30 0.7 21
M7 10 0.7 7 MP7 30 0.7 21
M8 10 0.7 7 MP8 1 10 10
M9 220 0.7 154 MN1 10 0.7 7
M10 40 0.7 28 MN2 10 0.7 7
M11 40 0.7 28 MN3 10 0.7 7
M12 40 0.7 28 MN4 9 0.7 6.3
M13 40 0.7 28 MN5 2 0.7 1.4
M14 200 0.7 140 MN6 10 0.7 7
M15 220 0.7 154 MN7 10 0.7 7
M16 18 0.7 12.6 MN8 10 0.7 7
M17 140 0.7 98 MN9 10 0.7 7
M18 140 0.7 98 MN10 10 0.7 7
M19 9 0.7 6.3

OP AMP Total W x L = 1768.9 (um?) BIAS Total W x L = 266.2 (um?)

[Table. 5] Transistor Width and Length




2. DC Small Signal Gain, GBW, Phase Margin
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[Figure. 3] Simulation Result (Gain, GBW, Phase Margin)

12 [Figure. 3]0IA Gain2 3260010, GBW (Unity Gain Frequency)= 1
L&t Phase Margin 2 70°0ICH. M2kA O MDAl Specification® 25 otE&s &
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3. Active Input Common Mode Voltage Range, Linear Output Voltage Range
OteHel [Figure. 410l A Active Input Common Mode Voltage Range= 1.08V 0l Al
2.45V Ol C}.

OteHel [Figure. 510l 29, Linear Output Voltage Range= 0.85VOIA 1.95VIHAl 1.1V
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[Figure. 4] Simulation Result (Active Input Common Mode Range)
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4. Power Consumption

Simulation Z1, OP AmpUl SZ&= Total Current = 3.47mAO|, Bias Circuitlll 2=

Total Bias Current = 1.87mAOICt. (Y, [Figure. 112 SchematicOlAl M19= Bias

Voltage (VB)E 8t L=2| Bias Circuit0Ol 22, OP Amp Total CurrentOll Al X2/ AI2] 2
&l Total Bias Currenttl L& AIZCH. etA Power Consumption2 CSF 2 C.

Power,,,» =Voltage - Current =V, -1 ,pp = 3.3V -3.4TmA =11.451mW

Powery,,; =Voltage - Current =V, -1,,c =3.3V -1.8TmA =6.171mW

OP AmpOl 2lst Power Consumption2 11.451mW 0|13 BIAS Circuit®ll 2/t Power

Consumption2 6.171mWOIC}.

5. Slew Rate
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[Figure. 6] Simulation Result (Slew Rate)

19| [Figure. 6]0lA & %= UASO0l, Slew Rate = 46.7 V/us OIC}t.

6. 0.1% Settling Time with Unity Gain Feedback (0.1V Step)
OteHel [Figure. 7]10IA & &= QUASO0I, 0.1% Settling Time2 2 50ns OIC}.
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[Figure. 7] Simulation Result (0.1% Settling Time with 0.1V step)

7. Low Frequency Input Equivalent Noise

.NOISEE AIE0otH Outl NodeWl Noisedt Goll &CHLD JFAGHH Simulation

et Z 1t
AN

JI& =2 Low Frequency Input Equivalent Noise 2t2 2 6.0077nV / (Hz'5)E ULt

Specification Table

Item

Specification

SUM (Wi X Li)

OP Amp: 1768.9 pm?
Bias Circuit: 266.6 pm?

DC Small Signal Voltage Gain

3260

Power Consumption

OP Amp:11.451 mW
Bias Circuit:6.171 mW

Slew Rate SR

Approximately 46.7 V/us

0.1% Settling Time (0.1V Step)

Approximately 50 ns

Active Input Common Mode Voltage

Max: 2.5V

Range (ICMR) Min: 1.08V
Gain Bandwidth Product 126 MHz
Linear Output Voltage Range (OVR) Max: 1.95V
Min: 0.85V
Low Frequency Input Equivalent Noise 6.0077n V / (Hz'"?)
Phase Margin 70°




Bias Circuit
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[Figure. 8] Constant Trans—Conductance Bias Circuit
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