TI BRI BERT
KA BB L

Tim Green

{'} TEXAS INSTRUMENTS

T1 EREE BRI
TI SRS TT AR 55 52 6 R A0 A v

Ti%.  ZEVHREEIR . SRR H S 105
Ho Wk T AT EEZ KB HARZR I B

BT R

e}

WP A BT S fF
TINA-TI™SPICE {)j EL#%
TLV3501 7% 5 SO 3

LB HA

A, 52— H R PR A AR 4 oA TN 152
WesIi¥e.  HTPIABRE R R A 22, W
BLER RIS . R ECRAR G I K B A PR R
MFTEEE . RS B2 R RS SR
B, WE RAEAT RO L TSk
BUATSE TAE R, RGN FIEIE A RS .
A BERE 7s J s 58 V5 B S 5 BT AR AT I
A A HEN — AN PR AR R A i — AN AR A TR P B W )
I ppfE .

ALi

TI E2E™
Community

WA T A i T 5%
WEBENCH® ¥t rfats
T1 kg%

Signal Source 1
. | |
L( [
+ VIN+
©
Vin_diff J_( VIN- C2 1u
| |
- B l l _
R4 —( .
e VP I
Vem = ' -
+

Ground Mismatch in Signal Source
vs Conditioning Circuit

A\ BN T SHRRBR— AR T S SRR R IR A

TINA-TL J2AEN{XEs (T1) HIwidR
WEBENCH Z#E/HAxE (T1) Mk Mes

ZHCU064~June 2013

AC Coupled Single Supply Comparator 1

iAo 2013, FEM{LEE (T1) AF]


http://www.ti.com/lit/zip/SLAC576
http://www.ti.com/tina-ti
http://www.ti.com/product/tlv3501
http://e2e.ti.com/
http://www.ti.com/webench
http://www.ti.com/

/

TEXAS

INSTRUMENTS

www. ti. com

BHLE
BRI SR U R -

TRNG TS = oV
JRBNIF[E) /N T Ims
CERTZLIVERE

CIPNERER

3.3V, +5% (3.135V & 3.465V)

. Vee = 3.3V, +5% (3.135V % 3.465V)

. Vee = 5V, +5%, ( 4.75V & 5.25V)

PN SR

. VIL = GND+400mV @ Tsink = 2mA

. VIH = Vcc—400mV @ Tsource = 2mA
. LA . +100mV

A AEiR:  <Bns

o7 25 B A N B H AR A <10%
PRER - HERE 1

R 1. FWAESMEER
Frequency Min VIL Max VIL Min VIH Max VIH Vcm Duty Cycle
2kHz ov 400mV +2.7V [ +4.35V +3.5V/ +5.25V +/-100mV 40% to 60%
32MHz ov 400mV +2.7V / +4.35V +3.5V/ +5.25V +/-100mV 40% to 60%
Frequency Period Duty Cycle ton
2kHz 500us 40% 200us
2kHz 500us 60% 300us
32MHz 31.25ns 40% 12.5ns
32MHz 31.25ns 60% 18.75ns

AC Coupled Single Supply Comparator
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Table 2 Args T it HArAIPERE .

Figure 1 B7x T BT B R H BRI ZS 0 5 o

&2, Bt B EERRH
Goal Simulated
No Input Signal| Vout=0V |Vout=282pV
Start-up Time <1ms 672us
Input Simulated
Worst Case Input Input Input Input Duty Comparator Vout Simulated
Test Case Frequency VIL VIH VCM Cycle Vcc Duty Cycle Delay
1 2kHz ov 5.25V_|+100mV| 40% 3.135V 40% Ons
2 2kHz 400mV 2.7V __|[+100mV|[ 40% 3.135V 40% Ons
3 2kHz ov 5.25V_|-100mV 40% 3.135V 40% Ons
4 2kHz 400mV 2.7V _|-100mV 40% 3.135V 40% Ons
5 32MHz ov 5.25V |+100mV| 40% 3.135V 57% 3.6ns
6 32MHz 400mV 2.7V __|[+100mV|[ 40% 3.135V 52% 3.6ns
7 32MHz ov 5.25V_|-100mV 40% 3.135V 57% 3.6ns
8 32MHz 400mV 2.7V _|-100mV 40% 3.135V 51% 3.6ns
1.93
CMP+ E ‘ ,
1.14— 1 1
1.57
CMP- E
1.57 —
2.70
V_PWM a
400.00m —
2.80
Vin+ é
500.00m —
0.10
Vin- é
100.00m —
2.70
Vin_diff E
400.00m
3.14
Vout E
0.00—
20.0m 20.5m 21.0m 21.5m 22.0m
Time (s)
B 1. 5 EH BB

ZHCU064-June 2013

iAo 2013, FEMALEE (T1) A7

AC Coupled Single Supply Comparator



13 TEXAS
INSTRUMENTS

www. ti. com

2 BiERE

TP IR LA BT R AL T A ] RS AT (Rl 2 1 v, IR ELERAIL T AT R AR 1
HEN— g, MNmsE — AN el A SRR EME 5. 525 RE 2. C1 Al 2 BEtmAGES
Vin MAZIRAEE.  R2 A1 R4 BREBE—AERXT OMP- IR ERIMES .  R1 A1 R5 4L CMP+—A4N K4
PR 2/ 100mV FERmE » W TEERASSHE, CMP- F1 CMP+ 2 8] B W e 25 vl A {
Vout NHEZHMHRH T (FEEER o AN LR E RS FHSRIH H B IX S5 N\ Ef o

X R ASR R Vin MRS . R3 BT AING S K, FE BT B i b 2R 1
LSRR . XU N2 R HL P EL A B N R AL A — I R T — AN R IE R B8, S REmit
ANULESROZREEES . BHTXANER, SEBRMHF, 72 BB ERRE R TR AK . A
155 SEA RN — € = C1][C2 FFH R = 1.964k M C-R &l CEEAEHH
2, R1, R2, R3, R4, R5 iEEZE CMP+ A1 CMP- /) C1 A1 C2 BN AT WA NP

Signal Source C11u

Comparator

3.3V

+

B R4 1k +—CCVP- Vee 3.31

Vem —
+-100mV | + [
Ground mismatch in Signal Source
vs Conditioning Circuit

Design Analysis: Design Analysis:
1) Use low est value resistors possible for 32MHz inputs. 5) AC Couple, High pass frequency:
Resistors will interact with comparator parasitic input capacitance Large capacitors require longer startup time from pow er-on.
2) Set Vin- to mid-supply bias point Use 1uF to get high pass of about 162Hz.
3) Set Vin+ < mid-supply + Vos to ensure at no signal Vout=0V For high pass equivalent Cin = 0.5uF, Rin = 1.964k.
4) In addition, the signal needs to divided dow n w ith R3 to prevent
negative voltages for 0-5V inputs.

B 2. SR HEERREE

3 kR

31 HEHELFF

R L, RAOTATLLES] 32MHz K, 40% S H to ERAMEN 12.ns.  WURFEAT LA RGN
I 12.5ns [PAERERER, ATEASEN R — 40% H2HE 32MHz {55 .

4 AC Coupled Single Supply Comparator ZHCUO64-]June 2013
iAo 2013, FEMAXEE (TI) AF]
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* 3 R T 40% SRR, JET 32MHz BUSCORE AR B OB LU RS R FIUR, W R (2. 5V
% 3.5V) , MBEMARDTEET 12.5ns FAEEIEIE.,  TLV3501 444X subnifi .

& 3. HESEARI

ELECTRICAL CHARACTERISTICS
Boldface limits apply over the specified temperature range, Ty = -40°C to +125°C.
At TA = +25°C and|Vg = +2.7V to +5.5V, unless otherwise noted. |

TLV3501, TLV3502

PARAMETER CONDITION MIN TYP MAX UNITS
OFFSET VOLTAGE
Input Offset Voltagel(1) Vos VoM = 0V, Ig = 0mA +1 6.5 mv
vs Temperature dVgos/dT Tp =-40°C to +125°C 15 uvieC
vs Power Supply PSRR Vg =2TVto 55V 100 400 uwv
Input Hysteresis 6 mvy
INPUT BIAS CURRENT
Input Bias Current g Vem = Veol2 +2 +10 pA
Input Offset Current(2) los Vem = Veo/2 +2 +10 pA
INPUT VOLTAGE RANGE
Common-Mode Voltage Range VM vV-)-02v (V+) + 0.2V v
Common-Mode Rejection CMRR Vom = -0.2Vio (V+) + 0.2V 57 70 dB
Vem = -0.2V to (V+) + 0.2V 55 dB
INPUT IMPEDANCE -
Common-Mode 1013 ]2 Q |lpF
Differential 10134 Q |lpF
SWITCHING CHARACTERISTICS
[Pmpagamn Delay Time(3) Tipd) | AVIN = 100mV, Overdrive = 20mV 45 6.4 ns
AVN = 100mV, Overdrive = 20mV 7 ns
AV|N = 100mV, Overdrive = 5mV 75 10 ns
|AViN = 100mV, Overdrive = 5SmV 12 ns |
Propagation Delay Skew(4) Mskew) | AViN = 100mV, Overdrive = 20mV 05 ns
Maximum Toggle Frequency fhaax Overdrive = 50mV, Vg = 5V 80 MHz
Rise Time(5) tr 15 ns
Fall Timel(5) tF 15 ns
OUTPUT
Voltage Output from Rail VoH. oL lguT =+1mA 30 50 mV

3.2 HEEN BB REEEAIE

3 5& TLV3501 [hEsdsmIEsmNlPr. @il AR BB S, BATTLLES] 5pF AR
EMESMANBEE, Cin_eq.

ZHCU064—]June 2013 AC Coupled Single Supply Comparator
e 2013, FEMULE (TI) 2w
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CMP+
3 . |
Com+ 2p —— ﬁ Rem+ 10T
. = 1
———1 =
Cdiff4p — < Rdiff 10T
7
2
CMP-
3 T
Cem-2p —— ﬁ Rem- 10T
| <
1
CMP+
’ R
Com+ 2p = Rem+ 10T
<i’
= |
Cdiff 4p l R5 10T —
.
C 2 s R 10T
. Com- 2p < Rom- 10
CMP-
! D

CMP+

—— Cin_eq 5p

CMP-

K 3: WEEMARRE

PRI NZ, Ceq in, HEMAHIH, Rin eq, HEE K, BEE WL, SZRMANESH.
T RAT R KA N 32MHz, BATKIER — MAME T R AR REIR .l 4 BoR, A7
B EERH Rin_eq ADTEHEZET 995 B4,

AC Coupled Single Supply Comparator ZHCUO64-]June 2013
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+ —— Cin_eg5p
G
CMP-
>
fmax = 32MHz
faB-— 1
- 21(Cin_eq)(Rin _eq)
32MHz = L —Rin_eq=9950hm

21(5pF )(Rin_eq)
B 4 RGBS AR R
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3. 3 ALK

BN HERH RL, R2, R4, R5 FIHLVEHLE Vee AL, W& 5 Bin. AR I EE G a8 &K
NESHEREE.  R2 M R4 ¥ Vee /0JERKN CMP- $2H4t—A 1.65V fwFs. R1 A1 R5 ¥ Vee 43
HERAE CMP+ bp=tE—/> 1,35V fmfs. Bt FHARHEM, CMP+ KRZLL CMP- ik 100mV. XEER R T
+/-6.5mV [ TLV3501 ¥ AfmALH M 25 0R, BATKAETE S HIRE, S IRIRATE TR AR RS K,
F TLV3501 #tHsablNE.

[-] R4 1k — omp-

Vee 3.3

3.3V I—A;:
I

1) Offset both inputs to mid-supply so Vin negative voltages will be offset to a positive value to meet
TLV3501common mode voltage range.

2) Set CMP- > (CMP+) + 100mV to ensure with Vin=0V TLV3501 Output = OV.

3) From Figure 4 we know Rin_eq = 995 ohms to allow Vin to pass due to TLV3501 input capacitance.

4) Start by using 1k range values to yield Rin_eq = 995 ochms.

5) On CMP- use standard values and set R2=R4=1k for Vcm=Vcc/2

6) On CMP+ use standard values and set CMP+ < (CMP-) - 100mV.
Set R1=1k to keep near matched resistance from Vcc to GND. Select R5 for offset from CMP-.

B 5:  FAGBIRE

8 AC Coupled Single Supply Comparator ZHCUO64-]June 2013
iAo 2013, FEMAXEE (TI) AF]
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3.4 BASIEAE

—H Vin 558 RME AT LB B, BATRH ZHRE IREA KT TLV3501 /M AL
RETEE. B 6 vRik VIR R — N 4aBak, R3, M4, DUMEKER Vin M@EHR7 % TLV3501
B NI AT

A
- R5 866 =
R3 1k
i CMP+
= Vin5.25 g R1 1k
]
[ ——
= Vem 100m < R2 1k
T z
B l
R4 1k
i AVATAY CMP-
R3 681
+ AVATAY +
rJ_: Vin 5.25 é
_-— : Rdiv 964 4
L (V)
f Wem 100m A Veomp_diff
R3 1k
t . AVATAY t
= Vin5.25 <
= Rdiv 964
tf‘ .;I: '\\.7'1
3 (V)
— ‘em 100m — Vecomp diff
BT +

Vin max = 525V + 100mY.

1)
2)
3) Minimum Voo = 3,135V
4)
)

Equivalent resistor network in series with R3 is 9684 ochms.

Keep Vecomp_diff < 3.135V to meet Vcm specification of TLWY3901.
R3_min = 681 ochms. Choose R3=1k for better margin and standard value already used.

& 6:

RN KM%

ZHCU064-June 2013
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3.6 FBAREIERS
W 7 PHERRIEE, AR S REABATHEAS K Vin FIRVEE B R3, Rdiv, C1 Al C2 BLE.

VIN+

C11u R3 1k

— | AAA— o ( CMP+

Rdiv 964

@ Ve Vcomp_diff

|| S o ( CMP-

1

) f _high =
—( VIN -"g 27(R3 + Rdiv)(C1series C2)

1} fin_min = 2kHz

2) Setf_high < 200Hz. At least one decade under desired pass frequency
for high pass cut frequency.

3) For standard capacitor value set C1=C2 = 1uF.

4) f_high calculates as 162Hz.

3.6 BWHAIEFFIE
A GRS G LA A R A8 P R ERAE BE CALA J E

B 7: RWAREENES

R4 BUHAART

Ref Designator |Value Recommended Properties
Cc1,C2 1uF 10%, Ceramic Capacitor, X5R or X/R tempco
R1,R2, R3 R4 1k ohm 1/8W, 1% Film Resistor, 100ppm tempco
R5 866 ohm 1/8W, 1% Film Resistor, 100ppm tempco
U TLV3501 Single Supply, +2.7V to +5 .5V, Cin < 5pF, Propogation Delay < 12ns
10 AC Coupled Single Supply Comparator ZHCUO64-]June 2013

iAo 2013, FEMALEE (T1) A7
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4 HE

4.1 A EPTERIBTENE
Bl 8 rhEHERATIRATRE AT BN 2 IR A AR B, RATE A 8Bl 8 HEy TLV3501 #Rbn 7 —AN%isk
1) 4pF ZEPHINHZS, CAiff, DUEIE SHIBP L AN Y . S BSCR SR 40 5 3 L% A
+ C11 . R5 866 -
L | ’ Rd 1 L‘L—ei CMP+ 1.531511V
[ AT, ) — i -—-
; C VIN+ OV R1 u«fi'ii +L1 L Cdiff 4p
N (V) ( Vout
| A -
~ ¢ VNSV R2 1k b - I 282.51189pV
( - > 33V -
Vin C2I tu 5 - Veomp_diff 118.488746mV , ., <. J:
|;| Rj.]k y—( CMP- 1.65V Ve .5.5: U1 TLV3501
Rspice 1T ’ Note: -
9 Add Cdiff = 4pF external to TLV3501 Macromodel
B 8: N3 HR 4% R ST AR Ak e K L B

fEEL 9, RATE BN EMZCKAE 1620z -3dB Enl s F) 64MHz  HOICIEAR AT (A A% 1615 5 .

162Hz Wi K T IRATH 2kHz 4058 (K515 5 3 .

P o

64MHz AR KA ERATH ERAUE BT AR 32MHz

o

]

20 —---1

i1 [f_2dB P
v 1| 162.4%Hz |

T_ado
54.65MHz

Veomp_diff i
-4 —
-60 A
1.00 10.00 100.00 1.00K 10.00x 100.00% 1.000M 10.000M 100.00M 1.00G
Frequency (Hz)
B 9:  BAGEMSR AT ER B
ZHCU064—]June 2013 AC Coupled Single Supply Comparator 11
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4.2 XEHEIE S LR EIE

WERIRATWE 10 FIAR B T SR IBRERS IR Vee = 3.3V MIER M HE, AT LLE RI5S M AEE 1%
B, DUEHBLEE TLV3501 %N, CMP+ Fl CMP- ERIFH KM AN, S, ANeHIE 7B ErE AN
#oKrth oMP- I 1.65V IEELVMAEA CMP- FfY) 1,53V IF B BRI . 11 fiE 12 B
NBATRITATHE CMP+ A1 CMP- LRI BRI

CMP+

CMP-

VF1

VF2

VIN+

VIN-

V_C1

V_C2

Vin

-100.00m j

-100.00m
-100.00m

-100.00m

-100.00m j

EZ

Signal Source

v _C1 T

s
{V)— R18665

C1 1u R3 1k

$————( CMP+

Vin

WVem 100m

{ VIN+

flf. VIN-

VF1 R11kS
-\| ] ]
V2 R2 1k .

ey —
=

c21u - <
| | l :

—{ CMP-

890.10m —

-962.69m j

100.00m
0.00 a

& 10:

RHRERFET - HREIR

Frequency = 2kHz

2.81

-3.04
100.00m

0.00

5.15

100.00m
0.00

M@MMH

-2.33

.294}\/\/\/\/

100.00m

5.25

0.00—3

0.0

500.0u

B 11:

1.0m 1.5m
Time (s)

RFMERET - HAHRE 2kHz

12

AC Coupled Single Supply Comparator ZHCUO64-]June 2013

iAo 2013, FEMALEE (T1) A7
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832.08m
MP+ 3

-832.09m j

2.62
VF1

[\ [/ [ J

Frequency = 32MHz

-2.63
100.00m

0.00
-100.00m
100.00m
0.00

-100.00m
515

CMP-

VF2

i MMj

VIN+

-100.00m
100.00m

0.00
-100.00m

-2.52
= E\/\/\/\/\/\/\
-2.53
100.00m
V_C2 0.00 é
-100.00m

SR Y A A VY A VY A Y A

VIN-

0.00

50n 100n 150n 200n
Time (s)

M 12: XHHEES - HHEE 32MHz

4.3 WL

Bt 5 R R ZVCHE . 8 T BRI R B R AR PR P AR E RIS AT . RSB ANV
B REMANNEE, 3% [R5/ N KA DA S e /N KL N R — ek A . B 13 R AR TR & BT
AT 4t L 2% 14 B RVIGA SR, EF| TLV3501 #tHnldE{55. Eid7E Transient Analysis
(A HT) P s Ok s “EVIHE” , BAITLLER], £ 672 25, MALRBAHEASR BT
RIS A SE kb T TR AR TR] . 6 15 3 22, BATAE Transient Analysis ¥ O i E
“Calculate Operating Point” (IHEIEITA) , ATLL, WATKZRSEsTE, J-HAES C1 A1 €2 45
WG R E, RATEBIET A RATTFEWE M RHE— m2 CMP+ 5 OMP- Z [ EIE &£ . &t
K TLV3501 HBResm NAmAE IR AN +/-6.5mVe  FRATF BAE S AR A AR & 40 N\ BT N e i 0, LA
SCPARIEAT.  EFrEMRZESIF, CMP+ /b CMP- HEUE 120mV, SKE TGN
TLV3501 b A i o

ZHCU064—]June 2013 AC Coupled Single Supply Comparator 13
iAo 2013, FEMAXEE (TI) AF]
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R 5 BRERBLUARE]

Worst Case Test Cases for AC Coupled Comparator
Test Case | Frequency VIL VIH VCM | Duty Cycle Vcc
1 2kHz oV 5.25V [ +100mV 40% 3.135V
2 2kHz 400mV 2.7V +100mV 40% 3.135V
3 2kHz oV 5.25V | -100mV 40% 3.135V
4 2kHz 400mV 2.7V -100mV 40% 3.135V
5 32MHz oV 5.25V | +100mV 40% 3.135V
6 32MHz 400mV 2.7V +100mV 40% 3.135V
7 32MHz ov 5.25V -100mV 40% 3.135V
8 32MHz 400mV 2.7V -100mV 40% 3.135V

NIRRT B 2 vt AT — B 1.3 A Ros i BT R A K s v (PWM)
IR BA A, SR, Voh Gy my RS M Vol Cayth sy F I sF) o

SRR,
R ARG

SRR AN I BUET 0] JA TR 2% FLBR AT R MR B BRI IO A BB ff 25 o TS B R0 X P A5 S5 B THE0 1 10

M B UbAh, FRATEHRIIH ALK, Veml (+100mV) B¢ Vem2 (-100mV), LAFEHEIRA

T Vin

BRI K AE VOVST (EZ-HEED fid Ei PW F5R4%. — IR, SWB, Kk BERATM A

BB . THER, Jv 7@ SPICE WS, WAL REA — A IR

1T G HLFE 25 -

BN VERL B WG LAY, 41X SPICE Wedl, £4> VOVST A4S 1T R H P AS i — e

14

AC Coupled Single Supply Comparator
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BE BAS TLW3501 shutdown:
C1 1y R3 1k he ?L» CME output enabled
- AP~ S
- <
-.-I’J 211 k_? o Vout
| - -:
vin- R2 1K U1 TLV3501
FW C2 1u % Vee
|
g 1
R4 1k e
p—{ CMP- ! S
- WV f ) "
- . | .
- L E L
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5 B

TRIXANBE T B 2 F A 5 T BT FE T4 358 40 A WA ) %t B Bk o
PG TLV3501 FRJE AL A8 1 LU 8% 14 oot
A C1 A C2 HIWIEGR A Z R R4,

FZAR T T 5 Sy AR, m ORI AL R
5.5V MR TAF, £ 6 HTEMER, JIH 7RG & A BeH SRR LR S\ L RS B AT RE Y B

R 6. EXIATHA S LB B BIR LB R KR
Part RRI Channels | Vcc Min | Vcc Max | Output Type |lg/Channel{ Prop Delay fmax
V) (V) (mA) (us) (Hz)

TLV3404 Yes 4 2.5 16 open drain 0.00095 300 1,333
TLV3402 Yes 2 2.5 16 open drain 0.00095 300 1,333
TLV3401 Yes 1 2.5 16 open drain 0.00095 300 1,333
TLV3704 Yes 4 2.7 16 push/pull 0.001 240 1,667
TLV3702 Yes 2 2.7 16 push/pull 0.001 240 1,667
TLV3701 Yes 1 2.7 16 push/pull 0.001 240 1,667
LMC7225 Yes 1 2 8 open drain 1.2 29 13,793
LMC7215 Yes 1 2 8 push/pull 1.2 29 13,793
TLV3494 Yes 4 1.8 5.5 push/pull 0.0012 13.5 29,630
TLV3492 Yes 2 1.8 5.5 push/pull 0.0012 13.5 29,630
TLV3491 Yes 1 1.8 5.5 push/pull 0.0012 13.5 29,630
LPV7215 Yes 1 1.8 5.5 push/pull 0.013 12 33,333
TLV7211 Yes 1 2.7 15 push/pull 0.014 10 40,000
LMC7221 Yes 1 2.7 15 open drain 0.018 10 40,000
LMC7211 Yes 1 2.7 15 push/pull 0.014 10 40,000
LMC6762 Yes 2 2.7 15 push/pull 12.5 10 40,000
LMV7291 Yes 1 1.8 5.5 push/pull 0.016 1.3 307,692
LMV762 Yes 2 2.7 5.25 push/pull 0.7 0.27 1,481,481
LMV761 Yes 1 2.7 5.25 push/pull 0.7 0.27 1,481,481
LMV7239 Yes 1 2.7 5.5 push/pull 0.1 0.096 4,166,667
LMV7235 Yes 1 2.7 5.5 open drain 0.1 0.096 4,166,667
TLV3502 Yes 2 2.7 5.5 push/pull 5 0.012 33,333,333
TLV3501 Yes 1 2.7 5.5 push/pull 5 0.012 33,333,333

*fmax based on 40% duty cycle

TESEEL 32MHz W BRI TANERF, 1%
ST EATT # A BN LU S N I R 5, N %
W R FT A HL R CRFETE BT I LU A A 1 B F R Y B Y o
R 40% FId/ A 2.7V < Vee <

i A

ZHCU064-June 2013
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AUy o e w FEARR. DRBEBOEE . BIERERS. HaflG ot (CCD) AHNURIEL /IR A
Forek. Tim RETETHTRETSWSMOZREMN. b HAZEMNEE (T AR, Tucson
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Appendix A.
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— Cdiff 4p —_— % Rdiff 10T
L
N .
) CMP-
3 .
Rtest 1k i
1 Ccm- 2p Rcm- 10T Rtest 1k
I ' Cem- 2p Rem- 10T
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f 3dB=————— f_3dB= S
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Appendix B.
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