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ESIGN APPLICATIO

Here’s An Easy Way To Test

Transimpedance Amplifiers

A Network Analyzer And Simple Three- Element Interface Are All
That’s Needed To Gather Meaningful Performance Data.

MICHAEL STEFFES, Bur-Brown Corp., Data Division, 6730 8. Tueson Blid. . Tocsom, AZ 85706, (5200 746-1111;
ewmil: steffes_michaekdbuwrr-brown,com

£ if building and compensating a |
wideband trankimpedanice am- |
Pplifier for phintodiode applica- -
tions weren't. chdiic‘ngmg enough, mea-
suring the amplifier’s-ae performance |
independently of the phetodiode also
bresents a-considerable hurdle. Offen,
the photoiiiode intended for the appli- |
cation has its own frequency resporse. |
In addition,if the phutodiede s used to
avaluate the amplifier; the technique |
used for injecting an optical dignal into |
the photediode may introdgee an an-
lnown frequency response.

To eircumvent these problems and |
observe just the performance of the |
sransimpedance amplifier itseif, you can
usé dnetwork analyzer souveé con- §
nected'to the simple interface circditde- |
seribed heve. This passive eireuit will |
deliveralow-level earrent signal froma |
capacitive source impedance, thas em- |
lating the photodiode sigrial ¢inrent and
eapiacitance to the amplifier tirenit,.

The test interface cirenit from the |

i high frequencies and the nétwork ana
Iyzersimply delivers a covvent into the

! network analyzer to the ir ansimped- |

anee amplifier under test is shown
fFig. 1). Capacitor C2 would connect

infothe input of the transimpedance |

gain stage. T this is implemented using

a high-openloop-gain operational am- | 24 —

plifier, the test eurrent (1) willdrive
inko i low impedance virpaal ground,
Intuitively both C1 and C2 shértoutat

50-Q input-matehing resistor, R,

(n the sther side of the matehing |

the two capacitors, with most of it go-
ing:through C1 when C1>=02. Con-

tinuing the assumption'thay C1 »= (02,

and looking baek toward C2 from the

! resistor, that enrrent splits betveen |

Laplacetranster function fur the.

"transconductimee from Vito I; tor the
i interface circuit of Figurel may he

writLen, as:

$b
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¢2) {“"’ 2R,{C1+C2)

This equation shows a zero at de
anid a high-firequency pole at

1222 RACL + C2)) Hz. At de, there iy

Uy qlg"nai current injected throu el C2,

transimpedance gairigtage, it will sim- |
thé transconduetante from the V,
¢ wource-to Iy, 2R C2/C1), 18 de}iv»
. eredthrough G2 Equation'2 gives the
i Liaplace expression for the cutput im-

plvsee a capacitive souree impedance
cauaito G2ux C1 sharts to pround and
both impedanees become logs than the
resistive source Impedances.

Contihuing the sssumption that 02

is feeding into' d virtuglerpund, the

The test current, I, inereasss with

i freguency until the pole frequency.

Beyond thiy, a constant current set by

pedance locking back-from the tran-
simpedance gain stage towards C2.

cuivent and capedionce,

1. Widebid lrunsimpednat;e tmplifiers driven by photodiodes can be |
tested using o network oaalyzer and ¢ simple three-companent
interfoce dircoit. The inferface drouit omelates the photodiode’s signal

2 As this complete tost dircuit shows, the umplifier bemg tested
connects 1o the interface drodt via copaciter C2. The dreuit dofoils the
parameters that mest be taken into account when coleufuting the

component vislues for theinterfuce drcuit,
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‘The source impedanice for the test
mterfade cireudt starts out it infinity at
de; decreasing with frequency due to

zero that oceurs ab the same frequency
asthe pole inthe transconductance
shown in Equation 1. Thig source im-

poleat 1202 R C1} Hz. This einses the
source-impedanee to ook like g G-
tor equal to the series combination of
(1 and C2above that corner frequiency.

Although this zero/pole pair in the

match the simple'souree capacitance of
apholudisde detector, the key regitire-
ment isthat it look capacitive ut fre-
quencies on thewrder of the elosed-loop
transimpedance bandwidth for the arm- !
plifler under tést, When (" os 2, the |
7erv/pole pair in Bemation 2 caneels
each othergriving just the desired ea-
hacitive source impedance équal to the |
series combination of C1 and 2,

With C1>2432, the spures eapiaci- |
tarice for the transimpedance stage
will be nemly-eqial to C2. This will ;
consteain C2 to equal the expected
photedicde eapacitimee ) that the |

the input resistor, R, set to mateh the
nebwork analyzey’s source impedance i
(normaliy 50 €3, omly C1 remains to he |
set. The valae tor €1 will de-

the first pole ats = B until it reachus » i

pedance then goes throngh another

source impedance doesn’t exactly |

creuit iy intended to emuluge. With
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| self résonant fretuency much higher 3
i than the expected closed-loop tran-
) { simpedance bundwidth, !
i Howeéver, decreasing Clto move |
s this self-resonant frequency up alsoin- |
i ereases the pole frequency for the | F

i

{ gests ahigh (1 value; but, €1 must he
i low enough in value to move its own
self-resonasnee well beyond the test
¢ frequency range of inberest.

 Toshow the eongtyiints that will

¢ Tead to.a dolution for C1, consider Pig-

{ure 2. This diagram shows. the put;
! interface foeding into. an op-amptran-
| simpedance amplifier where the o)
P oamp hasa gain bardwidth produce
i equatto GBP (in Hy),

i Toude this test interface tireuit, |
i while minimizing the interaction with i

L, set the self fesohant fiequency, F,,
as given in Bquation s,

.
F, =

—’T—{?‘}— =0 (3)
\j ¥ &)

In this equation, P .08 the antic- E
pated transimpedance bandtwidth and !
[Bis the ratio of the self-resonant fie- |

YUeney 60 I aqp.

ne useful design point for setting
the transtmpidance eompensationisto |
set Crto give a maximally-flat Butter-

worth closed-loop frequency response,.
This can be achieved by setting:

j transcondictance from V, t6 Iy Ca-
i pacitor C1 must be set to balance the i
| requirement to bring 1y flat with fre-
' quency well before the anticipated |
{ teansimpedance bandwidth, This sog-

1 onF
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InEguations, C fsthe total capagi-
tance dn the inverting HP-aAIp Bin,
whichis equa) to CIG2/(C1+02)) +
i G, where Cy equals the op-amp input.
capacitance,

In this analysis, we are simply try-
! ing to set C1 approximately, in ordey
| to'megsire the high-frequenicy roll-off
ofthe transimpedance amplitier. S0,
Fapproximate C, = (32 in the equation
¢ for F, in the analysis to get. C1. How-
i everithe tatal value for C, (ncluding
i the op-amp input parasities) will need
i tohe used in setting Crfor the correct
compensation.

One usefil feature in setiing Cy to zet:
i bhis maximally-flat compensation is
i thatthe resulting closed-Togy frequency:
{ response will then show an Fom=F,
i This allows the ' shown above {with
i Coreplaced by C2) to he placed into
i Exquation 3 it place OFF . Onee that is
fone; a solation for Clmay be wiitten:

i

Lip#(2nk)’

©

Equation 6 gives one cotistraint im
| CL Putting this expression for (% fnigo
i the polé equation for the transeonciue.

termineg hoih the low fye-
quency corner for the current
delivered through C2 (whare i
goes flat with frequency) and
the transconductance from v,
L0 Lp—neither of which are
eritical.

Onefmportant parasitie
doesneed bo be eonsidered be-
fore setting 01, Capaeitor €1
Ty oo through self-resonynee

; privrio the expected corner |

due t0 15 series inductance

frequency af th&-completed
trangimpedarnies amplifiefun- -
der test. The resuliing in- [
ergage In'the ewrrert delivered 1
throvgh G2 ean shseure the go- [

tual roll-off frequency for the Lo

amplifier. This suggests that. 3. The it
the valite for Ol beset togive s driven by 0. 20-pF source tapucitonce and wchieving u 14-MHz signal bandwidsh,

in s test sefup was deg

gned to adhieve s bigh o tronsimpedance gein g possible wi

S—
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TESTING TRANSIMPEDANCE AMPS |

4 A pioi oi the meusnred gain and phase for the transimpedunce test dreuit shows resuiis tht

dosely mutched these predicted by circuit andlysis.

fance from. 'V_s to I (Hquaation 1) gives:. |

_ Lip® (zn}r'j

Here, {{1+C2) in the-pole expres-
sion has been sifupliffed 1o C1 (when

@ 5

Cl==02), Now, substituting in for I, 3

from Hquation 4 (and using C,=C2), §

| ¥, from Fquation 4 and P4 from Equa-
i tiond have been substituted.

| GBP
SRR(C2
SO ok,
TS S ek (@
LiIF"GRP

Ifwe now pl'(:-ke an g {whichis theva-
tig o the expected tranginpedanes

bandwidth to the low-frequency point
at- which 1) hecomes constant with fre-

i quency), BEquation 9 may be solved for

gives:
- Lpten)  gep .
*OZR(2m) RC2(2m) i
: 5
_LpGEE 5
2R R 07

queney pole (P1) for-Eguation 1 will he
sed, This will detertriine the low fre-

quency point at-which the test carrent |
inte the transimpedance amplifier, Iy, 3

hecomes constant with frequency,

It is generally unnacessary Lomens
siire thie low-fretuency transimpedance
Fesponse Sincc.an op-amjy iplermenis.

tion is generally de coupled. Howevey, |
the range from P1 (where ¥ becomes |
flat with frequency) up to where theams
plifierigexpected to be band Hmited,

shauld be adeguate to show the smps
gain and flatness, To ensure thig, anad:
ditional variable, o= F/P1, should be
defined, IE, for-instanes, oowere set o 10,

i o get:

With everything on theright side of |
Equation 8 determined by the design; |
and with a [ selected, the low fre- |

H

3
S

you should See approximately ene

dedgide of flat transimpedance gain in |

making this easurernent. Equation 9
ghivws thisequationfor ¢ = Fy/Plwhere

(10)

Selecting values for all of the terms |
on the right side of Equation 10 will |
- the 24:-MHz gain-bandwidth proruct
. (GBP).of the OPAS55 by the second-

glve themaximum allowed value forj.
Picldng a B léss than or equal to this
valure will set up the interface to Pro-
vide a test eurrernt with eertain prop-

erties. Thetest enrrent is constant .
aver some fregquency range greater
than &, but below the expente,d F‘& B
and it doos not show'sn iner easing Iy ¢
dnee of ©1 untila

due tothe selt'ri
frequency BF a4p I reached. With B
selected less than or sqral to the eval-
uation of Eqnation 10, a value for C1
ay be set using Equiation 6,

There is dn alternative approach to |

1 aecconnting for the frequency depen-
{ deiil test ewrent delivered by this in-
i terface civenit. Perfortn a swept fré-
i guency ealibration of Ty vs: Veand
| thenuse the network analyzer’s cali-
! biation features to normalize out this
| nondnifermity. Since we are trying to
¢ protuee atest surrent into a virtual
i eround, this normalization would ve-
i quirean ideal transimpedance stage,

Alternatively; a wideband passive

: current probe (such as the CT2 probe
14 from Tekbionix) conld bé used, Femg;
| nizing that the probe refléets load fn-
1 pedidnge into the direuit, A probe decs,
i however, introditee its own frequency

response artifacts that must be sepa-
rated from the DUT response. The to-

i tally passive approach shown here will

give good results with alot less effort
once U1 is carefully selected.
To show measurement results as-

i ing this test interface, we tested g

very challenging transimpedance deé-

- sign that uses off-the-shelf compo-
" nents: Thisdesign sets out to defiver

as much trapsimpedance gain as possi-

i Blefrom a Z0-pE source capacitance,

while achieving u 14-MHz signal band-

[ width and as low an output integrated

noise as possibite. This design achieved

1 80-KQ transimpedance gain with the
Fequived I4-MHz bandwidth. 1§ also

had an equivalent input current nolse
density (il integrated at the output to
8.707 x 14 MHMz) of 7.5 pA/Hz. The

" eompleted test cirenit and measure-
- ment interface are shown in Figre 3,

Thi design uses & wideband, upity
gaingtable, FET-inpat op anip (the
OPABSS) ukmg with #3 additional guin

stage nside the loop of tils fret amypli-
" fier. This second-stage amplifier; a
- very wideband current feedback op

amp {the OPASHR), essential lyin-
eredzes the gain-bandwidih pmduct of
the first-stage amplitier. Multiplying

stage gain of +9 givea the'squivalent of
u 220 Hz GBEP to work with. The de-
glen for maximum transimpedinge
zainislimited by the mmimum achiey-
able feedback capaeitor; Cy.

Tn this dise, a 0.2 pF winimum
valiue allowed an %0-KQ tr ilsimped-
ance gaintohe achioved with aflat fre-
queney response. Bvaluating Equa-

1 tion 5 using this 2.2-GHz GBY and €,

= 20 pF + 2 pt (OPABKS input, parasitic
capacitance), shows that B, = 14 Bz,
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Binee the fearlback impedance poli ot

RLCphas been set eynal to 0.TOTE,, |
i roatching vesistor at the output. Output

the resulting I' g =

Toset the values for the test inter- |
lace civenit, Iquatitn 10 must be eval- |
i megsurements, Since the QPABHR wAll

vated, This desien initially tarpeted.an
o= Wand assumed a maxirmim L1 =3
nH, This value for L1 is a ressonable
estimate for chip eapacitors or leaded

celamic eapacitors if theleads gre |

kept very short, Fguation 11 shows
the caleulation for maximum 8,

i R

i ]

2(10062). -
Bz | ( )\!:m e
T ‘ z)(;ﬁz (i1

ok this desipn, an initial § = 5 was |

selected, This will put the seli resonant
Jrequency for G at afrequency at least
five times the anticipated transimped-

anee bandwidth. Solving Hovation 5 for }

this design:gives Fguation 12
Cl= ! .
3rH(5) (2n14M Hz)
= 1725 pF

The dosign target for C1 was re-
duced to'astandind valne of 1500 pFin
practice. Using 1500 p¥ will set fhe low
Trequercy polein Bguation Tt 1 MHz

{12y

getudlly messire the gain after the 6-
4B loss totaken through the zeries

matching ks opdional fu-this application
ut very useful for network analyzer

deliver this owiput signal, and itk opti-
mized te dvive 100-€) foads with no logs
inperformance, this should not intro-

thace errorsinte the messtrement.

The 6-dB loss through ¢his ougput
miatching resistor can he normalized
oul-by performing a “thiy” ealibration
of the-analyzer by itself. Dothis by
connecting the output of V directly
into the measurement port with a ea-
ble and performing a “thra” calibia-
tion. This will normatize out this last 6-

i dBless and any nenuniformities in the

H

sigmal soures or ineasnrement port
overthe test frequency,

Figure 4 shows the measured gain
and phase for the trangimpedance gain
stage plus the test interface of Figure
4 These:measured results very closely
miztch those predieted by the analysis,
The inereusing portion of the.gain
curve comes from the zérg in the
transconductance of the test interface
cireuit 2s shown by Eguation 1.

Thé frequency response for just the
transimpedancs amplifier will ¢on-
tinueflat dovn to de &t the midband

| gain of Figure 4 (shown as’a dotted

Retogrizing that the total eapacl- |
tive source impédance is the serjes |
combination of U1 and C2, will increase, |
the t‘equj'red C2 from its idead valueof |
| dieted 23.45dB. The différence is at-

20 pt'to 20.3 pF. This adjustment was

within the eapacitor tolerances—so we |

simply used a 20-pF valye for C2,

The Yt factor to consideris the an- |
ticipated measured transimpedance |
gain. The first part of Bquation 1 |

shows the anticipated tramysconduc.
fance from'V to Iy inthe midband fre-

fugncy range once the P1 pole fie- |
exesaded;,  Thiy

quency i
transconduétanes 15 then multlpheri

by the transimpedance gain {equat Lo |

Ry to get the expected vo tage gain

fram VY to V. Equation 13 cotthines

fhiege into an expected voltage gain,
Vo B
V., (’:ﬂ

s
.y

linie). The measured low-frequency
corner occurs exactly at the predicted
P'MHz point. The measured 23.7 dB
midband gain is very cloge to the pre-

tributable to eomponent tolerances,
The imewsured high-frequency cor-

nereomes abaslightly higher fi equency
than predicted—17.2MHy vs. 4 pre-
dicted 14 _MH? This i is hhe}} ductothe
additional phase shift inside the loopin-.
troduced by the OPAGSS gain stage.
Bven though this amplifier has a small
signgl bandiwvidth ppeiterthan 200 MHz
at the gain'of +4 0séd here, its 0.8-ns
propagationdelay introduces an addi-
tional B phase shifl atthe loop-gain

crossover frequency of 28 MHz, This |

slight degradation in phase margin is

| extending the closed-loop brndwidth.

(s |
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