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Convertible Securities and Venture Capital Finance
KLAUS M. SCHMIDT*

ABSTRACT

This paper offers a new explanation for the prevalent use of convertible secu-
rities in venture capital finance. Convertible securities can be used to endo-
genously allocate cash-flow rights as a function of the state of the world and
the entrepreneur’s effort. This property can be used to induce the entrepreneur
and the venture capitalist to invest efficiently into the project. The result is
robust to renegotiation and to changes in the timing of investments and infor-
mation flows. The model is consistent with the observations that conversion
is often automatic and that convertible securities are rarely used by outside
investors.

Introduction

VENTURE CAPITAL ACCOUNTS FOR ONLY a tiny fraction of total corporate investment in
the United States, but it has had a dramatic impact on economic growth and the
creation of new jobs since the 1970s. Microsoft, Intel, Apple, Federal Express, Cis-
co Systems, Genentech, and many other icons of high technology were all ven-
ture-capital backed in their early stages. However, the financing of young
entrepreneurial firms is prone to severe incentive problems. To deal with these
problems, venture capital firms have developed sophisticated contracting prac-
tices, some of which are unique to the venture capital industry. In particular,
the purchase of convertible securities by the venture capitalist is by far the pre-
dominant form of investment.! This is surprising because convertible securities

*University of Munich, CESifo, and CEPR. This paper has grown out of joint work with
Georg Noldeke, whose contribution is gratefully acknowledged. I also thank Patrick D’Souza,
Georg Gebhardt, Thomas Hellmann, Eike Houben, Paul Milgrom, John Moore, Manju Puri,
Mark Seasholes, Hyun Shin, seminar participants at London Business School, Stanford GSB,
the Haas School of Business at UC Berkeley, the Universities of Munich and Zurich, and the
European Summer Symposium in Economic Theory at Gerzensee, and in particular Richard
Green and an anonymous referee for many helpful comments and suggestions. Part of this
research was conducted during my sabbatical spent at the economics department of Stanford
University and I am grateful for the hospitality enjoyed there. Financial support by Deutsche
Forschungsgemeinschaft through grant SCHM1196/2-1 is also gratefully acknowledged.

!In the sample of Kaplan and Stromberg (2000, p. 13) convertible securities were used in 189
out of 200 financing rounds. Similar empirical findings are reported by Sahlmann (1990) and
Gompers (1997).
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are very rarely used by banks or other outside investors who finance the bulk of
small (but more established and less risky) companies.?

This paper offers a new explanation for the prevalent use of convertible secu-
rities in venture capital finance. The starting point of the analysis is the observa-
tion that the ultimate success of high-potential, entrepreneurial firms depends
not only on the quality of the project and the effort provided by the entrepreneur,
but also on the commitment of the venture capitalist. It is a well-documented fact
that venture capitalists provide not only the necessary financial means to devel-
op the project, but that they are also actively involved in the management of the
firms they finance.? Venture capitalists are typically well connected in the speci-
fic industry, they help to recruit key personnel, they negotiate with suppliers and
customers, they advise the entrepreneur on strategic decisions, they play a major
role in structuring mergers, acquisitions, and initial public offerings, and some-
times they are even involved in the day-to-day operations of the firm. If things
turn sour, venture capitalists often replace the founder of the company by a pro-
fessional CEO and/or sell off or liquidate the firm.*

Our model focuses on the incentive properties of convertible securities. First,
we point out a specific feature of convertible securities that provides a powerful
incentive mechanism in a sequential double moral hazard problem, which can be
used to induce both parties to invest efficiently without making both of them full
residual claimant on the margin. The incentive mechanism exploits the fact that
the venture capitalist will invest only if he exercises his conversion rights, and
that he will convert only if the entrepreneur worked sufficiently hard, which, in
turn, induces the entrepreneur to put in the efficient amount of effort. A suitably
chosen convertible security strictly outperforms any standard-debt equity con-
tract. Second, it is shown that convertible securities implement efficient invest-
ments only if the contribution of the venture capitalist to the project is
sufficiently important. The active involvement of the investor is a characteristic
feature of venture capital finance. Thus, the model can explain both why conver-
tible securities are so popular in venture capital finance, and also why converti-
ble securities are uncommon if banks or other passive investors finance small
companies. Finally, the implications of our model are consistent with the empiri-
cal findings on VC finance. In particular, it can account for the fact that many
contracts have convertible securities with an exercise date at the time of
the IPO and/or automatic conversion clauses; it is consistent with Kaplan and
Strémberg’s (2000) finding that the share of cash flows that goes to the venture
capitalist is decreasing with the performance of the company, and it is consistent

2We restrict attention to the case where there is only one or a few key investors for a pro-
ject. Convertible securities are also issued by large corporations to dispersed investors. In
these cases, convertible securities yield tax benefits and may have other advantages that are
beyond the scope of our model.

3 See, for example, Sahlmann (1990, p. 508), Lerner (1995), or Hellmann and Puri (2000, 2002).

4 Gorman and Sahlman (1989) report that, on average, each venture capitalist is responsible
for 10 firms, that he visits each firm 19 times per year, and that he spends 100 hours annually
at each firm.
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with the prevalent use of stage financing and syndication of venture capital in-
vestments.

There are several other papers that deal with optimal contract design for an
inside investor. Admati and Pfleiderer (1994) analyze stage financing and show
that a “fixed fraction contract” that gives the venture capitalist a fixed fraction
of the equity of the company in all financing rounds induces the inside investor
to make optimal investment decisions and not to misprice securities in later
financing rounds. Repullo and Suarez (1999) consider a double moral hazard
problem between the entrepreneur and a venture capitalist. They show that
the venture capitalist should get no compensation for his initial investment in
the lower tail and high compensation in the upper tail of the distribution of re-
turns. They demonstrate that this sharing rule can be approximated by the use of
warrants. Bergemann and Hege (1997) have a dynamic moral hazard model in
which the venture capitalist learns the quality of the project over time and
has to decide when to get out. They show that the optimal contract is a mixture
of debt and equity and that the entrepreneur’s share of any proceeds decreases
over time. None of these papers explains the predominant use of convertible
securities.

A number of other roles for convertible debt in resolving agency and informa-
tion problems have been suggested in the literature. Green (1984) points out that
convertible securities can be used to mitigate the problem of excessive risk taking
of the entrepreneur that arises if debt is used. The idea is that a convertible se-
curity reduces the entrepreneur’s payoff for very good profit realizations and thus
makes excessive risk taking less attractive. However, in his model, the same
incentive effect can be achieved by using a combination of standard debt and
equity.” Our model complements Green by focusing solely on the effort incentives
for the entrepreneur and the investor. Cornelli and Yosha (1997) focus on the en-
trepreneurial incentives to engage in “window dressing” in order to induce the
venture capitalist to finance the second stage of the project. With a convertible
debt contract, this signal manipulation is less profitable, because the venture ca-
pitalist will convert his debt into equity if the firm looks too good, which reduces
the entrepreneur’s profit.®

Finally there is a branch of the literature that focuses on conflicts of interests
between entrepreneurs, venture capitalists, and outside financiers that stem
from nontransferable private benefits of control and affect critical decisions such
as the liquidation of the venture (Marx (1998)) or the sale to another company or
an IPO (Berglof (1994)). In these models, convertible securities are used to allo-
cate control rights to the right persons in different states of the world. However,
Gompers (1997) and Hellmann (1998) argue that the allocation of cash-flow rights
can be separated from the allocation of control rights by the use of covenants.

®See also Biais and Casamatta (1999), who use stock options to reduce excessive risk tak-
ing.

% Similarly, D’Souza (2001) develops a model in which convertible securities can be used as a
mechanism to induce the entrepreneur to truthfully reveal the state of the world to the ven-
ture capitalist.



1142 The Journal of Finance

Gompers documents that covenants are indeed frequently used to give the ven-
ture capitalist the right to control the board of directors, to approve major expen-
ditures, to liquidate the firm, and even to replace the entrepreneur by an outside
manager. Typically, the venture capitalist is given these contractual rights inde-
pendently of the financial structure of the company.’ For this reason, it can be
argued that the most important function of convertible securities is to allocate
cash-flow rights, while the allocation of control rights can be achieved separately
through the use of covenants.

Our paper is also related to the literature on incomplete contracts and the op-
timal allocation of ownership rights. Grossman and Hart (1986) argue that the
allocation of ownership rights matters if only incomplete contracts can be writ-
ten. Noldeke and Schmidt (1998) show that it may be efficient to use a“conditional
ownership structure” in the Grossman-Hart model, which can be implemented
by using “options on ownership rights” that play a similar role to the convertible
securities considered here. The present paper generalizes Noldeke and Schmidt
in several respects. It allows for an upfront investment that has to be financed
and for “large” uncertainty that is characteristic for venture capital. In N6ldeke
and Schmidt, both parties are assumed to have unlimited wealth, while in this
paper, the entrepreneur is wealth constrained and protected by limited liability.
Finally, their “option to own” is an all-or-nothing decision, while in this paper, the
venture capitalist may get the option to convert his debt claim into some fraction
o<1 of the equity of the firm.

The rest of the paper is organized as follows. Section I analyzes the incentive
properties of a convertible security in a general framework with sequential in-
vestments. These results are applicable to any situation in which the active invol-
vement of two parties is required for the ultimate success of a joint venture.
However, the convertible securities employed in this section give one party
the option to get all of the equity of the firm if he exercises his conversion
right. This is not what is typically observed in venture capital finance. Therefore,
in Section II, the general model is adapted to the context of venture capital
investments. Here, we assume that the entrepreneur is wealth constrained
and protected by limited liability and that the venture capitalist’s contribution
is most important if the project fails or if the project is very successful,
but not if it turns out mediocre. We demonstrate how the entrepreneur and the
venture capitalist can both be induced to invest efficiently in all states of the
world, even if the venture capitalist can convert his debt claim only in some
fraction a <1 of the firm’s equity. Furthermore, it is shown that our results are
consistent with the empirical observations on venture capital contracts. Section
111 offers several extensions and variations of the basic model, including multiple
claims held by the venture capitalist, syndication, stage financing, multidimen-
sional effort by the entrepreneur, and changes in the timing of information flows

“This has been confirmed by Kaplan and Stromberg (2000, p. 93), who conclude that “(T)he
distinguishing characteristic of VC financings is that they allow VCs to separately allocate
cash-flow rights, voting rights, board rights, liquidation rights, and other control rights”
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and investments. Our main results are robust to these changes of the model. Sec-
tion IV concludes.

I. The Incentive Properties of Convertible Securities

In this section, we consider a general double moral hazard problem with sequen-
tial investments and show that a convertible security can induce both parties to
invest efficiently even though only one party is going to be residual claimant of
social surplus on the margin. This model extends a model by Néldeke and
Schmidt (1998) in several directions. First, we introduce an upfront investment
that has to be financed by one of the parties. Second, it is shown that the surplus
can be shared in any desired fashion between the two parties. Finally, we intro-
duce “large” uncertainty and show that the first best can still be implemented if
the parties can renegotiate the initial contract after the realization of the state of
the world has been observed.

A. The Basic Model

There are two players who can realize a potentially profitable project. In the next
section, we will specialize the model to venture capital finance. This is why we
call the two players “entrepreneur” (E) and “venture capitalist” (VC), but for the
general model of this section, the restriction to venture capital is not necessary.
The project requires a fixed initial investment I>0 and generates a return,
v(a, b, §) that depends on three factors: the effort that is provided by the entrepre-
neur, a, the effort and/or further financial investment of the venture capitalist, b,
and the realization of the “state of the world,” § that is, the quality of the project,
the ability of the entrepreneuer, market conditions, and so forth.

The relationship between E and VC is modeled as follows. At date 0, E and VC
have to negotiate a contract that governs their relationship. At that stage, the
state of the world is unknown to both parties. We assume that it can be observed
by both of them only after the initial investment I has been sunk, but it is not
verifiable to the courts and cannot be contracted upon at date 0. There may be
many potential venture capitalists and many potential entrepreneurs ex ante
and competition between them may affect how the contracting parties share the
potential surplus between them, but after the initial investment I has been sunk,
VC and E are locked in with each other. At date 1, E has to make a relationship
specific investment, a € R, to develop the project. This investment cannot be
contracted upon and is best thought of as the effort E invests into the firm. At
date 2, the venture capitalist has to decide on his engagement for the project.®
VC’s action b € R{ cannot be contracted upon either. Both investments are mea-
sured by their costs. Finally, at date 3, the gross surplus v(a, b, 0) that can be gen-
erated by the project is realized and split between the two parties according to

8The sequential nature of the investments and different assumptions about the timing of
the investments and the information flows are discussed in Sections IIL.E and F.



1144 The Journal of Finance

0 1 2 3 t
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Figure 1. Time structure of the model.

the initial contract that had been signed at date 0. The net total surplus is given
by S(a, b, 6) = v(a, b, ) — a — b. Both parties are assumed to be risk neutral.

The time structure of the model is summarized in Figure 1.

As a reference point, let us define the first best efficient investment levels. Let

S(a(6),6(0),6) = v(a(6), b(6),6) — b(6) — a(0) 1)

be the social surplus in state 6 if E chooses a (8) and VC chooses b (6). Efficient
investment levels are assumed to be unique and given by

(a*(0),b*(0)) = arg max v(a,b,0) —b—a. (2)

We want to show that a suitably chosen convertible security implements the effi-
cient investment choices. For this purpose, it is sufficient to restrict attention
to a convertible security (C, F'), which gives the following option to the venture
capitalist. At some date ¢, which is specified in the contract, VC can choose either
to receive the fixed payment C or to pay the additional amount F and to
convert his debt into 100 percent of the equity of the venture. Thus, given (C, F'),
payoffs are

UE — v(a,b,0) — C —a if VC doesnot convert (3)
T F-a if VC converts
Uve C-b-1 if VC does not convert (@)
v(a,b,0) — F —b—1 if VCconverts

The initial contract will be renegotiated by the two parties whenever a possibi-
lity for an efficiency improvement arises. In particular, renegotiation may be ben-
eficial after the realization of the state of the world and/or after E has made her
investment decision. We assume that the surplus from renegotiation is split in
proportion A, (1 — 4) between E and VC.

B. Convertible Securities without Uncertainty

To better understand the incentive properties of a convertible security, let us first
ignore the uncertainty about the realization of the state of the world. Suppose
that 6 is given and that

S(a*(0),b%(0),0) = I, (6)

so total social surplus is sufficient to cover the upfront investment cost 1. Without
loss of generality, we assume that the initial investment is paid for by VC. The
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following proposition is an extension of Proposition 3 of Noldeke and Schmidt
(1998). It shows that a suitably chosen convertible security implements (a*(0),
b*(6)), and that the surplus of the project can be shared between the two parties
in any desired fashion.

ProposiTion 1: For any given 0, a convertible security (C, F) with

C=I+K (6)
F =v(a*(6),b%(0),0) — b*(0) — I - K (7

where
0< K < S(a*(6),b*(0),6) — I, (8)

that gives VC the right at date 3 either to be paid back C or to pay an additional amount
Fand convert his debt into 100 percent of the equity of the firm induces both parties to
take the efficient actions a*(0) and b*(0) and gives the following payoffs to the two
parties:

UE = S(a*(0),b%(0),0) - I — K (9)

U =K. (10)

The intuition for this result is as follows: To induce VC to choose b = b*(0), it is
necessary that VC holds all the equity of the company. However, he will
get the equity only if he chooses to exercise his conversion option. The crucial
point to note is that the value of his conversion option depends on E’s investment.
The more E invests, the more attractive it is for VC to convert. By choosing
the exercise price of the option appropriately, VC is just indifferent between
“investing b = b*(0) and converting,” and “investing b = 0 and not converting” if
E invested a*(0). In both cases, his payoff is just C—I= K. Note that F has
been chosen such that if E invested a*(f) and VC converts, then E gets the
maximum social surplus minus a fixed payment that she would have to make in-
dependently of whether the option is exercised or not. Investing more than a*(0)
cannot be profitable for E, because VC would still exercise his conversion option
and receive all of the marginal returns of Es additional investment. Investing
less than a*(f) cannot increase E’s payoff either. In this case F will be renego-
tiated and reduced in order to make sure that VC gets to own 100 percent of the
equity of the firm and chooses b efficiently. However, VC must get at least
C — I = K, which he can guarantee himself by choosing b = 0 and not converting.
Thus, VC’s payoff cannot be smaller than if E invested a*(0). But total social sur-
plus is reduced (as compared to a*(6)), so E’s payoff must be smaller, too. Hence, E
is induced to choose exactly the first best investment level a *(8), VC chooses b*(0)
and exercises his conversion option, and there is no renegotiation on the equili-
brium path.

The most interesting feature of a convertible security is that it can induce E
and VC to invest efficiently without making both parties residual claimant on the
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margin, that is, without using a “budget breaker” (Holmstrém, 1982). Further-
more, the argument given above does not rely on any differentiability assump-
tions. Even if investments are discrete or multidimensional, a suitably chosen
convertible security implements the first best. It is these features that make the
convgrtible security a powerful incentive device in a double moral hazard con-
text.

The question arises whether a convertible security is the simplest contract that
implements efficient investments or whether the same outcome can be achieved
by using a standard debt—equity contract, possibly with renegotiation. Noldeke
and Schmidt (1998, Proposition 4) show that this is possible if and only if either
the entrepreneur has all the bargaining power in the renegotiation game (1 =1)
or if investments are independent on the margin. To see why, suppose that the
initial contract gives 100 percent of the equity to E. After E’s investment has been
made, this contract will be renegotiated to give 100 percent of the equity toVC in
order to induce him to invest efficiently. Thus, E’s payoff (ignoring a possible debt
payment) is given by

UE = U(a, 0, 9) —a+ A[U(av b*(a’ 9)’9) - b*(aa 9) —a- v(a, 0, 9) + a] ’ (11)

where b*(qa, 0) is the efficient investment of VC given that E has chosen a in state 6.
Using the envelope theorem, the marginal return to E’s investment is

oUE 0v(a,0,0) ) dv(a,b*(a,0),0)
da da da

If <1, we have a standard hold-up problem that distorts Es investment incen-
tives, except for the special case where du(a, 0, 6)/0a = Ouv(a, b*(a, ), 6)/0a. Hence,
in general, there does not exist a debt—equity contract that implements the first
best, while a properly designed convertible security does.

(1-4)

1. (12)

C. Convertible Securities with Uncertainty

Suppose now that the parties have to write the initial contract before they know
the realization of f. At date 0, both parties only know the cumulative distribution
function G(6). Suppose that the parties write an initial contract with F verylarge
so that VC would never exercise his conversion option. This contract is equivalent
to a pure debt contract. If there was no renegotiation, VC would get the fixed pay-
ment Cand thus choose b = 0 at date 2, independent of E’'s investment. Thus, with-
out renegotiation, E would choose

@(0) = arg maxv(a,0,0) — a. (13)

However, after the realization of 6, there is scope for an efficiency improvement by
lowering F such that VC would exercise his conversion option and invest effi-
ciently if and only if E invests a*(6). The following proposition shows that with

9 At this point, it is interesting to compare the mechanism described here to the mechanism
analyzed by Repullo and Suarez (1999). Repullo and Suarez also analyze a double moral ha-
zard problem. However, they consider the case of simultaneous investments and look for a
second best optimal sharing rule that gives optimal marginal incentives to both players.
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renegotiation, the first best can again be implemented and that it is possible to
share the maximum expected social surplus in any desired way.

PROPOSITION 2: Suppose the parties have written a pure debt contract with
C=I-(1-12) / [S(a*(0),6%(6),0) — u(@(6),0,0) + &(0)}dG(O) + K (14)
6

where 0 < K < [, S(a*(6),b*(0),0)dG(0) — I and (6) is given by (13). This contract
implements first best investment decisions with renegotiation and yields expected pay-

offs
EU® = / S(a*(6),b*(6),0)dG(0) — I — K (15)
0

EUY =K (16)

On the equilibrium path, this contract will be renegotiated to a convertible security
(C, F), where C is given by (14) and

F = v(a*(0), b*(6),0) — b*(0) — C. 17)

Propositions 1 and 2 highlight the incentive properties of convertible securities.
They offer a new rationale for the use of convertible securities in addition to risk
sharing and tax explanations that are commonly referred to in the literature.
However, when we want to apply this explanation to the specific context of ven-
ture capital finance, where convertible securities are frequently used, Proposi-
tions 1 and 2 are not quite satisfactory.

I1. Convertible Securities in Venture Capital Finance

Convertible securities are the predominant form of investment in young entre-
preneurial firms by venture capitalists (see footnote 1). However, convertible se-
curities are very rarely used by banks or passive outside equity holders who
finance the bulk of small (but more established and less risky) companies. It is
often emphasized that, in contrast to banks, venture capitalists play a much more
active role in many of the firms they finance, and that the contribution of the ven-
ture capitalist is of crucial importance to the ultimate success of the venture.
Therefore, the initial contract that governs the relationship between the entre-
preneur and the venture capitalist has to induce both parties to invest efficiently
into the project. This fits the setup of the model of Section I.

However, the actual contracts that we observe in the venture capital industry
differ in several important respects from the optimal contracts characterized in
Section L. First, VCs typically do not have the option to get 100 percent of the
equity of the firm, but rather some fraction that is considerably smaller than
one. Second, the model of Section I implies that the conversion option will always
be exercised on the equilibrium path (possibly after renegotiation). In the venture
capital industry, however, the conversion option is exercised only for the most
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profitable ventures. Many less profitable ventures either pay back their debt or
are liquidated by VC. Finally, entrepreneurs of young start-up companies are
typically wealth constrained and protected by limited liability. Thus, they may
default on their debt, which may distort investment incentives.

On the other hand, in the specific context of venture capital finance, there are
several stylized facts that can be used to impose more structure on the model. Em-
ploying this additional structure will allow us to show that the type of convertible
securities observed in the VC industry are indeed very well suited to solve the dou-
ble moral hazard problem between the entrepreneur and the venture capitalist.

A. Empirical Findings about Venture Capital Finance

At the contracting stage between E and VC, there is typically a high degree of
uncertainty about the prospects of the project. It is often unclear whether the
project is technologically feasible, whether there will be competitors offering
superior or less expensive products, whether the right employees can be at-
tracted, or whether the entrepreneur is capable of running the company. In a
sample of 383 VC investments analyzed by Sahlmann (1990, p. 484), about 35 per-
cent of all projects yielded a total loss or were unable to repay the initial invest-
ment. Roughly 15 percent of all projects in this sample (called “high flyers”) were
highly profitable, yielding a return of more than five times the initial investments.
The rest (or roughly 50 percent) were moderately successful. This last type of pro-
ject is called “living dead” in the industry. Even though these ventures are moder-
ately profitable, VCs often consider them unworthy of additional investments and
do not want to spend more time or money on them than absolutely necessary.’°
But, of course, the profitability of the project does not depend only on exoge-
neous factors. The entrepreneur’s effort is obviously important. She has to build
up her company, she has to engage in R&D and to develop the product, she has to
set up production facilities and market her product, and so forth."* Furthermore,
for the ultimate success of many young entrepreneurial firms, the active support
of an experienced venture capitalist is also of crucial importance. VCs tend to
have deep industry-specific knowledge, they are well connected within the indus-
try, and they play an active and important role in many of the ventures they
finance.'? In a recent empirical study, Hellmann and Puri (2002) show that

05e6e Gorman and Sahlman (1989, p. 237).

" Typically, the problem is not to get the entrepreneur to work hard enough, but rather to
induce her to allocate her effort efficiently. For example, many start-up entrepreneurs have a
background as engineers or scientists. Thus, they may spend too much effort on, say, addi-
tional R&D rather than on marketing, controlling, or personnel. In our model, there is no
problem allowing for multidimensional investment or effort decisions, which is shown in Sec-
tion IIL.D.

12his is by now a fact well documented in the empirical literature. See, for example, Gor-
man and Sahlman (1989) or Kaplan and Stromberg (2000). Hellmann and Puri (2000) compare
companies that are venture capital financed to similar firms that are not backed by venture
capital and show that venture capitalists do have a significant impact. Venture-capital-backed
firms are faster to bring their products to market. Kortum and Lerner (2000) report that the
amount of venture activity in an industry significantly increases the rate of patenting.
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two roles of VCs can be distinguished. First, VCs support the entrepreneur
if the company is on the right track: They give advice on strategic decisions,
they help to find key employees and to design suitable compensation pack-
ages for them, they get in contact with potential suppliers and customers,
and they may even get involved in the day-to-day operations of the firm.
These “soft” or “supportive” actions are complements to Es efforts. They are pri-
vately costly to the VC but benefit the company and the entrepreneur. Second, if
things turn sour, VCs exercise their control rights. In particular, they liquidate
unprofitable companies and/or replace the original founder with a professional
outside CEOQ. These “hard” or “control” actions are also costly to the VC and en-
hance the value of the company, but they are in conflict with the entrepreneur,
take away her private benefits from running the company, and are substitutes to
E’s effort.’®

Finally, in Section I, we assumed that E is not wealth constrained and always
able to repay her debt. However, the founders of young entrepreneurial firms are
typically wealth constrained and protected by limited liability, so they cannot
offer any collateral that can be used to secure VC’s investment except for the re-
turns of the venture.

B. Adaptation of the Model to Venture Capital Finance

Following Sahlman (1989) and Hellmann and Puri (2000, 2002), we distinguish
three different states of the world, 8 € {0, 0,,, 0}, 0<0,, <6, and three correspond-
ing actions of the venture capitalist, be {b,, by, bs}. If § = 0, then the expected
returns of the project are very poor and it should not be run by E. In this case, it
is efficient that VC chooses action b = b, that is, he should exercise his control
rights, get rid of the entrepreneur and liquidate or sell off the assets of the firm.
If 0 = 6, then the firm is a “high flyer} which is potentially very profitable. In this
case, it is efficient that VC chooses action b = b, that is, he should actively support
the entrepreneur and complement her efforts to make the firm a success. Finally,
if 8 = 0,,, the firm is mediocre, a“living dead”as it is called in the industry. In this
case, the project may be able to return the initial investment, but it is not worth
much additional effort by the venture capitalist, so VC should choose b = by,
where 0= by<b,, b, Thus, b, should be interpreted as the default action of
VC (no further financial investment and as little effort as possible). Note that
we normalize VC’s cost of taking action b, to 0. The ex ante probability of the good
state is p, of the medium state is ¢, and of the bad state is 1 —p — ¢, with 0<p, g,
1-p—q<l
This is stated formally in the following assumption.

13 Hellmann and Puri (2002) report that “support” and “control” seem to be mutually exclu-
sive actions. They divide their sample in two subsamples, those firms that did experience a
CEO turnover and those firms that did not. In the subsample of firms without turnover, they
find a significant impact of the venture capitalist on team building at the level below the CEO
(supportive action). However, this is not true in the subsample of firms that experienced a
turnover, where the venture capitalist seems to devote all his time and attention to replacing
the founder with a professional CEO.
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AssuMPTION 1: The gross surplus function v(a, b, ) is twice continuously differenti-
able, strictly increasing and strictly concave in a, and strictly increasing in 0 for all
a € Ry, be b, by, bs} and 6 € {0,0,,,0}. All investments are measured by their costs.
Furthermore,

(a) v(a,bc,0) —b. = v > v(a,b,0) —bforalla € R} and be {by, b,).

(b) v(a, by, 0,,) —0>uv(a, b, 0,,) — b forall a € R} and be {be, bg}.

(c) v(a,bs,0) —bs > v(a,b,0) —bforallac RO and be {by, b}.

(d) el ) _ ovabd) 0 foralla € R, 0'>0,0,0 € {0, 0}, b'>b,
andb , be{bq, bs}.

Assumption 1(a) to (c) simply say that it is efficient for VC to choose

bs if6=
b*(0) =4 by if0=0, (18)
b. if60=0

Assumption 1(d) says that a and b, are complements at the margin, that is, not
only total surplus but also marginal surplus with respect to @ increases if VC
chooses b = b, rather than b = b,. Note that Assumption 1(a) implies that in the
bad state, a and b, are substitutes at the margin: If VC chooses b = b, rather than
be{bo, bs}, then the marginal surplus with respect to a is reduced to 0. Further-
more, Assumptions 1(a) and (d) imply 0 <a*(0,,) <a*(0).

Furthermore, we have to assume that

S(a*(Om), 5*(6m), Om) = 0(@*(Om), bo, ) — a*(6yn) — b0>II)T_§—|—y. (19)

This assumption is due to the fact that E is protected by limited liability and can-
not be forced to pay more than v is the bad state of the world. Suppose that VC
holds a debt claim D = % + v. Then, net total surplus in the medium state (and
thus in the good state, too) is sufficient to repay the debt and VC gets an expected
payoff of (p+ q)D + (1 — p — q)u = I. Hence, in expectation, this return is just
sufficient to cover his initial investment cost 1.

ProposiTioN 3: Consider a convertible security (C, K, o) with

—+ v, (20)

C + by

———v(a*( 3). b2.0) <1, (21)
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and
0< C+K < S(a*(n),b*(0n),0n) (22)

which gives VC the option to choose at date 3 whether to be repaid C+K or to be repaid
K and convert C into fraction o of the equity of the company. This convertible security
implements first best investment decisions with renegotiation if

).[v(a, bsaa) - bs - v(a, bOag)] —a S S(a*(a)’ bs’g) - [C + K] (23)
for all a < a(0), where a(0) is defined by v(a(0), by, 0) = C and if

I-v v(a*(0), bs,0) — v(a*(0), by, 0)
ety [ o(@*(3), b0,0) e 24

Furthermore, expected payoffs from this contract are given by

U? = ES(a*(0),b%(0),0) — (p+ q)K (25)

U = (p+9q)K. (26)

To see how the convertible security works, let us consider the three states of the
world in turn. In the bad state, E knows that she cannot repay C+K, so she
chooses a = 0 (which is efficient) and VC gets all the returns of the project. Thus,
VC is residual claimant on profits and has the right incentives to choose b,.

In the medium state of the world, C+K has been chosen such that (a) it is not
worth VC’s while to exercise his conversion option, and (b) E can repay C+K
if she invested a*(6,,). Thus, in this state, E is residual claimant on profits, so
she will choose a*(8,,), while VC gets a fixed payment and chooses the least cost
action b = by, which is again efficient.

Note that in the bad and medium states of the world, the convertible security
reduces to a debt contract. In the good state, however, a debt contract would work
very poorly because it does not induce VC to get involved in the company. To in-
duce VC to choose b=b,, it is necessary that he holds some equity. This is
achieved by giving VC the option to convert C into fraction a <1 of the equity of
the firm, where Cand o have been chosen such that the conversion option is profit-
able if and only if E invested at least a*(0) and that « is sufficiently large to make it
worth VC’s while to invest b = b,. This is the incentive mechanism described by
Proposition 1. The main differences are that VC’s action space is now discrete,
which allows us to reduce a below 1 without distorting VC’s investment incen-
tives, and that E is protected by limited liability and may default on her debt.

Suppose that in the good state E chooses an investment level a <a(f), that is,
v(a, by, 0)<C + K. In this case, E is no longer able to repay her debt, so VCs
threatpoint payoff in the renegotiation game is reduced below C+K. Renegotia-
tion will ensure that VC gets to own enough of the venture that it is worth his
while to choose the efficient investment b,. However, E gets fraction A of the sur-
plus from renegotiation. Thus, if this share of the surplus from renegotiation was
larger than what E would get if she invested efficiently, E would be induced to
underinvest. Condition (23) is necessary to rule this possibility out.
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Proposition 3 also requires that (24) holds. Using (20) and (21), condition (24) is
equivalent to

C > av(a*(0), by, 0). (27

If this condition does not hold, then VC prefers to convert his debt and not to in-
vest b, in the good state even if E has chosen the efficient effort level a*(6). Hence,
if this condition was violated, the convertible security would induce VC not to
invest in the good state.

C. Empirical Implications
C.1. Why Are Convertible Securities Rarely Used by Passive Outside Investors?

Proposition 3 requires conditions (24) and (23) to hold. These conditions offer an
explanation for why convertible securities are frequently used in venture capital
finance but very rarely by banks or other outside investors who get far less in-
volved in the projects they finance. To see this, note that condition (24) requires
that—holding the left term in brackets constant—the value added by VC choos-
ing bs rather than the least cost action by has to be sufficiently large as compared
to the cost of this investment. Thus, a convertible security induces efficient invest-
ments only if the contribution of VC in the good state is very important. If the
outside investor does not contribute sufficiently to the prospects of the project,
then a convertible security does not induce efficient investments. This is consis-
tent with the empirical observation that convertible securities are prevalent in
venture capital finance, where the active involvement of the venture capitalist
is of crucial importance, while it plays only a minor role in the financing that is
provided by banks or other passive outside investors whose involvement in the
firms they finance is far less important.

Holding the right term in brackets constant, condition (24) is more likely to be
satisfied if v and p+q are small, that is, it requires that, for a given investment
cost, the liquidation value in the bad state has to be sufficiently small and/or the
probability of the bad state has to be sufficiently high. Again, this seems to be
typical for projects financed by venture capital, that fail with a high probability
and where the liquidation value often tends to zero. On the other hand, projects
that are financed by banks are typically less risky and offer a much higher liqui-
dation value that can be collateralized.

Consider now condition (23). It can be shown that this condition is implied by
the stronger condition'

— I—-v

— * —_ — —
K < (1-2)[S(a*(0),bs,0) — v Pyt (28)
This condition requires that A is not too large and/or that the maximum surplus
generated in the good state is large enough as compared to the (risk-adjusted)
investment cost I. Thus, again, the proposition shows why convertible securities
work well for projects where returns in the good state of the world are very high

See the end of the proof of Proposition 3 in the Appendix.
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(which is often the case for venture-capital-backed companies), but not for other
investment projects with less potential in the good state.

C.2. The Exercise Date of the Conversion Option and Automatic Conversion

The convertible security considered in Proposition 3 sets the exercise date of the
conversion option at date 3, that is, after VC has completed his investment. This is
actually very important. To see this, suppose that VC has the right to convert his
debt into equity at some date 1.5, that is, after VC observed Es investment and the
realization of the state of the world, but before VC has made his own investment.
Suppose further that the good state materialized and that E did invest efficiently
at date 1. In this case, VC has an incentive not to exercise his option but to claim
C+K. For if he does not own any equity of the firm he has no incentive to invest,
and without VC’s investment, the firm is worth very little to E. Hence, E wants to
renegotiate the ownership structure and to sell some fraction of her firm to VC in
order to make it worth VCs while to invest b,. However, if VC gets fraction
1— >0 of the surplus from renegotiation, then E’s payoff from investing a*(0)
is reduced, which induces her to invest less than a*(0)."®

The cause of the problem is that by insisting on being paid back his credit at
date 1.5, VC can credibly threaten not to invest if E does not give him some addi-
tional share of the surplus.

The contract of Proposition 3 solves this problem by giving VC the right to ex-
ercise his option at date 3, that is, definitely after he has to make his investment
decision. In this case, VC cannot credibly threaten not to invest if E invested effi-
ciently, because E can simply refuse to renegotiate. If she does so, the old contract
remains in place, and when it comes to date 2, it is optimal for VC to invest and,
given that he invested, he cannot benefit at date 3 from not exercising his conver-
sion option. Note that the exercise date of the option need not be a fixed date. The
contract could simply say that VC has the right to convert at any time up to the
time of an IPO. The only important thing is that VC cannot credibly threaten not
to invest by letting his option expire.

There exists a second way to avoid this hold-up problem if there is some verifi-
able signal on E’s performance that is verifiable after VC has made his investment.
In this case, an automatic conversion clause can be used. Automatic conversion
forces VC to convert Cif the performance measure is above some critical value. If
this critical value is chosen such that it corresponds to the first best effort level of
E in the good state, then automatic conversion overcomes the hold-up problem
that arises with the possibility of renegotiation and implements the first best.

There is strong empirical evidence showing that the conversion date of conver-
tible securities is indeed put at the end of the relationship between E and VC.
Gompers (1997, p. 16) reports that in his sample of 50 convertible preferred equity
venture investments, 92 percent had mandatory conversion that occurs at the
time of the IPO (which can be interpreted as date 3 in our model). Furthermore,
a“reasonable estimate of the number of contracts that are converted is between

!5 For a formal analysis of this case see Noldeke and Schmidt (1998).
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twenty and thirty percent, the fraction of venture-backed projects that eventually
go public. A small number are likely converted when a venture-financed company
is acquired by an already public firm” This suggests that the conversion option is
exercised for the very successful ventures only, as suggested by our model.
Furthermore, Sahlmann (1990), Gompers (1997), and Kaplan and Stromberg
(2000) report that a significant fraction of convertible securities used in venture
capital finance include automatic conversion clauses that are contingent on some
milestones to be achieved by E. Again, this is consistent with our model.'®

C.3. The Fraction of Cash Flows Accruing to VC as a Function of Performance

Kaplan and Stromberg (2000) report that the fraction of total cash flow that goes
to the venture capitalist is decreasing with the performance of the firm.This is an
immediate implication of the use of convertible securities and consistent with
Proposition 3. In equilibrium, VC gets all of the cash flow in the bad state, a fixed
debt payment (or dividend) in the medium state, and a constant fraction of the
cash flow in the good state. Hence, the fraction of cash flows accruing to VC is
indeed decreasing in v.

II1. Extensions and Robustness
A. Syndication of Venture Capital Investments

Lerner (1994) reports that syndication is frequently observed in the venture capi-
tal industry. Typically, there is one lead investor, but there may be several addi-
tional venture capitalists who participate in the financing of the project. Gorman
and Sahlman (1989, p. 235) report that a venture capitalist acting as lead investor
will invest 10 times the direct hours he would if he was not the lead investor. Thus,
it is the lead investor who actively supports and monitors the entrepreneur, while
the other investors play a more passive role.

How does the existence of syndication affect our results? Suppose that the ad-
ditional investors hold convertible securities or debt claims (but no common
stock). In this case, they do not affect the optimal effort incentives given to the
entrepreneur and the lead investor if the conditions of Proposition 3 are met. In

16 However, there may be additional or alternative reasons for why many contracts have
mandatory conversion at the time of the IPO. For example, a complicated capital structure
with convertible securities outstanding can make the IPO less valuable and/or more difficult
to evaluate by public outside investors. Furthermore, automatic conversion could be beneficial
in order to avoid hold-up problems that may arise because E is liquidity constrained and may
not be able to repay the debt even though all milestones have been reached. I am grateful to a
referee for pointing this out.

The only other formal paper that I am aware of that offers an explanation for the use of
automatic conversion clauses is Cestone and Wright (2000). In their model, the venture capi-
talist has to be forced to convert debt into equity in order to prevent him from investing in a
rival firm that would reduce the profits of the incumbent (and therefore the returns of the
equity share of VC). However, in their model, the automatic conversion clause has to be con-
ditional on the success of the rival firm, which does not seem to be the case empirically.
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fact, syndication may be beneficial. Proposition 3 requires that 4, the share of the
surplus from renegotiation that goes to E, is not too large. One possibility to
weaken E’s bargaining position is to have multiple investors, all of whom have
to agree to the renegotiation outcome. For example, if we assume that the surplus
from renegotiation is split according to the generalized Nash bargaining solu-
tion, then the share that accrues to E goes down with every additional investor.
Hen(is, syndication can be used as a remedy to the hold-up problem in renegotia-
tion.

B. Stage Financing

Another typical characteristic of the venture capital industry is stage financing
(see, e.g., Sahlman (1989, pp. 503—-507)). The venture capitalist makes a limited
financial commitment at the beginning. If the firm turns out to be successful
and if certain milestones are reached, there is a second financing round in which
the VC and/or another venture capitalist puts in an additional investment, and so
on.

To see the effects of stage financing on the incentives provided by a convertible
security, consider a two-period version of our model. The first period ends after
date 2. If the bad or the medium state materialized in the first period, there is no
further investment and the game ends as in Section II. However, if the good state
of the world materialized, then there is a second financing round at the begin-
ning of period 2, where a new investment I, can be committed to the project.
Then, as in period 1, a new state of the world, 0,, materializes, E has to decide
on her effort level a,, and VC decides on his action b,. The second investment
could be carried out by the same or by a different venture capitalist (which is
not uncommon in the industry), but this does not affect the following argument.
Let us call the first venture capitalist VC1 and the second VC2. Now we can again
employ a convertible security to induce both, E and VC2, to invest efficiently in
period 2. Given the contract of the first period, this second contract gives rise to
certain expected payoffs for E and VC1. Given that both, E and VC1, are assumed
to be risk neutral, this expected payoff can simply be substituted in the payoff
functions of Section II without affecting the incentives given to the two parties.
Thus, they will still invest efficiently in period 1.'®

C. Multiple Securities

VCs often hold multiple claims on the firms they finance. This could affect invest-
ment incentives. To see this, recall that in the medium state of the world, E is
induced to spend the efficient level of effort because she is full residual claimant
on profits. This requires that VC does not hold, in addition to his convertible

7 A similar argument is made in different contexts by Bolton and Scharfstein (1996) and
Lilfesmann (2001). However, it should be noted that there are also several other potential
explanations for the widespread use of syndication. See Lerner (1994) for a discussion.

18 Note, however, that it is important that there is a second financing round only in the
good state. If there was a second round in the medium state as well, E would no longer be full
residual claimant on profits in the first period in this state, so she would underinvest.
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security, other claims that make him participate in an increase in profits in this
state of the world. In particular, VC must no hold common stock.'®

What types of securities do VCs hold? Kaplan and Strémberg (2000, Panel G of
Table 1, p. 50) report that 167 out of 200 financing rounds in their sample used
convertible securities only. An additional 6 used convertible preferred stock
and straight preferred stock. Hence, in more than 85 percent of their sample,
VCs do not hold additional claims that may affect investment incentives.?

D. Multidimensional Effort

So far we assumed that E’s investment is one-dimensional, a € R;. However, the
entrepreneur has to engage in many different tasks in order to make the venture a
success. So suppose that E has to choose a multidimensional effort vector,
ae o/ =RY. For example, E may have to invest in R&D, she may have to spend ef-
fort in order to hire and motivate employees, she may have to invest in marketing,
in supplier, and customer relations, and so forth. Assume that for each state of
the world, there is a well-defined optimal investment vector a*(f). Then the con-
vertible debt contract of Proposition 3 still implements the first best investments
of both parties. In the bad state of the world, VC is going to take over and to liqui-
date the firm or to replace the entrepreneur, so it is still optimal and efficient for E
not to invest at all. In the medium state, E is full residual claimant on profits, so
she will invest efficiently, no matter whether a is one- or multidimensional. In the
good state, she wants to choose a so as to make it worth VC’s while to exercise his
conversion option. Recall that if VC exercises his option, then E gets the entire
social surplus minus a constant. Hence, E has an incentive to increase the value
of the venture in the most efficient way, because private and social incentives to
invest coincide, so E is going to invest efficiently even if her effort is multidimen-
sional.

E. The Timing of Information Flows and Additional Uncertainty

It could be argued that it would be more realistic to assume that the information
on the realization of the state of the world is not revealed before E has made her
investment decision. If E does not know the realization of 6 before she invests, she
cannot choose the ex post efficient effort level a*(6). Instead, she would have to
choose an ex ante optimal effort level a* (unconditional on 6) that maximizes ex-
pected social surplus. It turns out that, in this case, a convertible security can also

T am grateful to the editor for pointing out this important observation.

2 However, there are some so-called participating convertible preferreds in this sample.
Upon liquidation or exit of a participating convertible preferred, investors receive both the
principal amount of the preferred and they receive common stocks. From the data provided
by Kaplan and Strémberg, it is impossible to compute the exact number of the 173 financing
rounds mentioned above that used a participating convertible preferred. But the total of par-
ticipating preferreds was 72, so it must be the case that in more than 100 financing rounds,
venture capitalists used regular convertible securities only. See Hellmann (2000) for an inter-
esting explanation of why participating convertible preferred securities might be used if there
is a conflict of interest about the exit channel between E and VC.
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be used to implement the first best. In fact, this case is somewhat simpler than
the case considered in Section II, because the investment incentives for E do not
have to be optimal in each state, but only on average. In a previous version of this
paper (Schmidt 1999), it is shown formally how to construct a convertible security
that induces first best investment incentives for the case with and without rene-
gotiation.

As a further extension of the model, suppose that there is some uncertainty in
addition to the realization of . Any uncertainty that resolves after VC invested
and exercised his conversion right is no problem.We can simply interpret v (a, b, )
as an expected value. Given that both parties are risk neutral, this is all they care
about.

If there is additional uncertainty that resolves after the initial investment 1
has been sunk but before E invests, the parties could renegotiate the initial con-
tract and adapt the conversion rate without distorting the investment incentives
as is shown in Proposition 2. Given that both parties are symmetrically informed,
they will always reach an efficient agreement.

Finally, there could be some additional uncertainty that resolves after the rea-
lization of # and after E invested but before VC made his investment decision.
Again, if the parties are free to renegotiate, they will always adapt the conversion
rate such that VC is induced to invest efficiently. It can be shown that if the un-
certainty is not too large, then the maximum remains at a* and E is still going to
invest efficiently.?!

F. The Timing of Investments

The assumption that E and VC invest sequentially is important for our first best
results to hold. In the context of venture capital finance, this assumption is not
unrealistic. The entrepreneur often has the strongest impact on her company at
the beginning of the project. On the other hand, the active involvement of the
venture capitalist may be more important at the expansion stage, for example,
when key employees have to be attracted and strategic business partners have
to be found, or when things turn sour and VC has to step in to replace the entre-
preneur and/or liquidate the company.

However, in reality, these investments are not taken at a single and fixed point
in time but rather over an extended period of time. Furthermore, as was shown in
the discussion of the exercise date of the conversion option after Proposition 3,
VC may have a strategic incentive to delay his action in order to force renegotia-
tion and to get a larger share of the surplus. Our results still hold if the time
intervals in which E and VC have to choose their investments overlap, and if the
parties can costlessly delay their investments within these intervals. However, to
implement the first best, it is important that VC can complete his investment
after he observed E’s total investment and that he must complete his investment
before date 3, the exercise date of the option.

#1See Noldeke and Schmidt (1998, Sec. 5) for a formal analysis of this case.



1158 The Journal of Finance

G. First Best versus Second Best

The preceding sections have shown that our results are robust to many variations
of the model, but they are clearly not robust to all changes. For example, if E and
VC invest simultaneously, a convertible security cannot implement first best in-
vestment incentives. Also, if there is discounting and if VC can strategically de-
lay his investment, there may be a hold-up problem that cannot be fully resolved
by a convertible security.?? However, it is important to note that the incentive
mechanism provided by a convertible security, which induces E to work harder
in order to make it worth VC’s while to exercise his conversion option and to in-
duce VC to get involved in the project, can be very useful in a second best world,
too. In fact, it is easy to see that a contract based on convertible securities must
always at least weakly outperform a standard debt-equity contract. The reason is
that a convertible debt contract contains both debt and equity as special cases. If
the conversion ratio is very favorable to VC, he will always use his conversion op-
tion and a convertible security is equivalent to equity. If the conversion ratio is
very unfavorable, then VC will never exercise his option, and a convertible secur-
ity is equivalent to debt. Hence, any simple debt-equity contract can be replicated
by a contract that is based on an appropriately chosen convertible security.

IV. Conclusions

Convertible securities endogenously allocate cash flow rights as a function of the
realization of the state of the world and of the effort provided by the entrepre-
neur. By choosing the conversion rate appropriately, the venture capitalist is
going to invest efficiently if and only if the entrepreneur invested at least the effi-
cient amount. This generates a kink in the entrepreneur’s payoff function that
induces her to invest efficiently. Thus, convertible securities are a powerful incen-
tive mechanism that can induce efficient investments without making both par-
ties residual claimant on the margin.

We have specialized the model to venture capital finance by assuming that the
entrepreneur is wealth constrained and protected by limited liability and that
the venture capitalist’s action is most important in the bad state, when the first
has to be liquidated, and in the good state, if the venture is a high flier, but not if
the project is mediocre. The optimal contract in this setup closely resembles the
convertible securities that are frequently observed in venture capital finance.
Furthermore, the model can explain why convertibles are not being used by
banks or outside investors who do not get involved in the management of the
firms they finance.

Our model is consistent with many other empirical findings on venture capital.
It can explain the frequent use of automatic conversion clauses and why the con-
version date is often set at the date when VC exits. It is consistent with Kaplan
and Stromberg’s (2000) finding that the fraction of cash flow that goes to VC is
decreasing with the success of the venture, and it is consistent with the wide-

221 am grateful to a referee for this observation.
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spread use of stage financing and of syndication of venture capital investments.
Furthermore, the results are robust to changes in the time structure of informa-
tion flows and investments. However, the sequential nature of investments is im-
portant to implement first best efficient investments. If investments are
simultaneous, the first best cannot be implemented by convertible securities,
but they still dominate standard debt-equity contracts.

Appendix

Proof of Proposition I: Suppose that E has chosen a*(0). If VC exercises his conver-
sion option, his payoff is

UYC = v(a*(0),b,0) —b— F — 1. (A1)

Hence, VC is full residual claimant of total social surplus minus a constant, so he
will invest efficiently and choose b = b*(6), which yields a payoff (after substitut-
ing F) of

UVC = v(a*(0), b*(8),0) — b*(0) — v(a*(0),b*(6),0) + b*(0) + ] - K — I = K.
(A2)

If VC does not exercise his conversion option, he gets a fixed payment C, so he will
invest b = 0 and his payoff is

U'¢=C-I=K. (A3)

Thus, if £ has chosen a*(8),VC is indifferent between investing efficiently (and
exercising his conversion option) and not investing at all (and not converting).
Note that in equilibrium, VC must invest b*(f) and exercise his option. Otherwise
E would have invested slightly more than a*(0) in order to break his indifference,
but, by a standard “shaving argument,’ this cannot be an equilibrium.

Consider now E’s optimal investment strategy. Note that v(a, b, 0) is strictly
increasing in a. Thus, if E chooses a > a*(0), it is strictly optimal for VC to exercise
his conversion option. Therefore E will lose all the equity of his firm and receive
the fixed payment F. Hence, investing strictly more than a*(#) cannot be optimal.
So suppose that E chooses a <a*(6). Note that VC can still guarantee himself a
payoff of K by choosing b = 0 and insisting to be repaid C. Of course, this would be
inefficient and the two parties would now renegotiate the initial contract in order
to make sure that VC becomes full residual claimant on the margin and invests
efficiently. However, total social surplus is smaller than with a = a*(8), and VC
will not agree to a new contract that gives him less than his outside option of K.
Therefore, E's payoff after renegotiation must be smaller than

S(a*(0),b%(6),0) — I - K (A4)
which is what she would have received if she had chosen a = a*(9). Q.E.D.

Proof of Proposition 2: Without renegotiation VC would get the fixed payment C
and thus choose b = 0 at date 2, independent of E’s investment. Thus, without re-
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negotiation, E would choose 4(6) as defined by (13), so the threatpoint of renego-
tiation is given by

U = v(a(0),0,0) — a(9)C (A5)

v=c-1 (A6)

If the parties renegotiate the contract by giving VC the option to convert his debt
claim into 100 percent of the equity of the firm by paying the additional amount

F = v(a*(0),b%(0),0) — b*(0) — C (A7)

then, by Proposition 1, both parties would be induced to invest efficiently and to-
tal social surplus would be maximized. The surplus of renegotiation

S(a*(0),b*(0),0) — v(a(0),0,0) + a(0) (A8)

will be split in proportions 4,1 — A between E and VC, so payoffs after renegotia-
tion are given by

UE = v(a(0),0,0) — a(0) — C + A[S(a*(0), b*(0),0) — v(a(0),0,0) +a(0)] (A9)

UVC = C— I+ (1 - 2)[S(a*(0),b%(0),0) — v(a(0),0,0) + a(0)] (A10)

Thus, expected payoffs as of date 0 are given by

EUE = / 21S(a*(0), b*(0),0) + (1 — 2)[v(a(0),0,0) — a]dG(0) — C  (A11)
[

EUYC =C-I+(1-1) / [S(a*(0), b%(0), ) — v(a(0),0,0) + &(0)]dG(0) (A12)
6

Substituting (14), we get

EUE = / S(a*(0),b*(0),0) — I - K (A13)
2}

EUVC =K (A14)

QE.D.

Proof of Proposition 3: Note first that if we substitute (20) in (21), then the inequal-

ity part of (21) is equivalent to v(a*(0), bs,0) — bs > ;T—g + v. This inequality must
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be satisfied because

v(a*(0), by, 0) — by >v(a*(0), by, 0)
>v(a*(0m), bo, Om)
> v(a*(Om) bo, Om) — a*(0,) (A15)
I-—
m + v,

where the last inequality follows from (19). Hence, it is indeed the case that a4 <1.
Consider now the three states of the world in turn:

(a) State 6: Clearly, C+ K = p— + v+ K>v. Hence, the maximum total sur-
plus in this state is strictly smaller than C+K, so E is unable to repay her
debt in this state. Hence, by not exercising his conversion option, VC will
get all the returns of the project. Therefore, it is optimal for VC to choose
b =b., which is efficient in this state and guarantees him a payoff of
v>v(a,b,0) — b for all @ € Rf and be {b,, bs}. Anticipating that she can-
not repay C+K, E knows that there is no return to her investment, so she
will choose a*(f) = 0, which is also efficient. Note that there is no scope
for renegotiation in this state of the world.

(b) State 0,,: Define a(0,,) by v(a(6y), by, 8m) = C + K. Conditions (19) and (22)
imply that a(6,,) exists and is strictly smaller than a*(6,,). We have to dis-
tinguish three cases:

(i) Suppose that E has chosen a<a(0,,). In this case, if VC chooses b = b, at
date 2, then he should not exercise his conversion option, because E will be
unable to repay her debt, so the entire return goes to VC and he receives
v(a, bo, 0,,) — I. By Assumption 1(b), this is larger than the maximum return
that he could hope for if he chooses b = b, or b = b,. Hence, in this case it is
optimal for VC to choose b = by and not to convert.

(i) Now suppose that a(6,) < a < a*(6,,). Again, choosing b =b, is domi-

nated by b = by and not exercising the conversion option. If VC chooses
b = by and converts his debt, he gets

v(a, bo, Om)

av(a, by, 0p,) + K — I =(C + by) ———( +0).b5.0) +K-1
Cic v(a*(0), bs,0) — v(ax(h), by, )
<(e+ i) (A16)
v(a, bOaOm) +K—1
v(ax(0), bs, 0)
=C—U(M+K—Ig C+K-1,

v(a*(0), by, 0)

where (21) and (24) have been used. Hence, this cannot be better than
choosing b = by and not converting. Nor can it be better to invest b = b,
and not to exercise the conversion option, which yields C+K—
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bs —I<C+K — I Finally, VC cannot improve his payoff by investing b = b,
and exercising his conversion option, because

av(a, bs, 0n) — bs + K — I<ofv(a, bs,0,) — bs] + K — I
(A17)
<ov(a,bo,0m)+K—-1 < C+K-1

where the second inequality is implied by Assumption 1(b) and the last
inequality follows from the argument given in (A16). Hence, we have
shown that for all a with a(6,) < a < a*(0,,), VC will not invest and not
exercise his conversion option in state 0,,,.

(111) Finally, if a>a*(6,,), then VC must get at least a payoff of C+K — I, which
he can guarantee himself by not converting and choosing b = b, We will
show below that this is sufficient to induce E to always choose a<a*(6,,),
so we do not have to analyze this case further.

Consider now the optimal choice of a for E in state 0,,. If E chooses a<a(6,,),
then her payoffis — a and she should choose a = 0, which guarantees a payoff of 0.
If she chooses a such that a(6,,) < a < a*(0,,), then she can repay her debt and,
since VC is not going to exercise his conversion option, she is residual claimant on
profits at the margin. Hence, in this range, the optimal choice of a is a *(8,,,), which
maximizes total surplus in state 6,, and gives a payoff strictly larger than 0 to E
by (19). Thus, a = a*(6,,) is better than a = 0. Finally, it cannot be optimal to
choose a>a*(0,,). This reduces social surplus (by the definition of a*(8,,)), while
VC still gets at least C+K — I, so E’s payoff must go down. Hence, we have shown
that in state 0,,, E's payoff is maximized by investing the efficient amount a*(,,,),
and VC does not invest and he does not exercise his conversion right in this state
in equilibrium.

Note that renegotiation is not an issue in the medium state either. VC will
choose the least cost action by (which is efficient) for all @ € R} and no matter
whether he converts C or not, and E is induced to choose a*(8,,). Hence, there is
no scope for an efficiency improvement through renegotiation.

(c) State 0: First, we want to show that it is optimal for VC to invest b = b, and
to exercise his option if and only if @ > a*(0). Suppose that E invested at
least the efficient amount, that is, @ > a*(0). Note that VC can guarantee
himself a payoff of C+K — I by choosing b= by and not converting C.
Clearly, it cannot be optimal to choose b =b.. Nor can it be optimal to
choose b =b,; and not to exercise the option because this would yield
C+K — b;— I<C+K — I. On the other hand, if VC does invest and does ex-
ercise his option, then his payoff is given by

U"C(a) = av(a, bs,0) — bs+ K — I
C+bs

B ,bs,a —b3+K—I A18
v(ax*(6), bs, 6) via ) ( )
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Note that U"(a) is monotonically increasing in a.VC’s payoff if E invested

a*(0) is
VC(a%(9 —__—C+bs v(a*(0 o) — _
U'%(a*(0)) = o(a+(@).b..0) (a*(0),bs,0) —bs + K — 1
=C+K-1 (A19)

Hence, VC prefers to invest b; and to convert C rather than not to invest
(b= b) and not to convert if E invested @ > a*(0).

To complete this step of the argument it has to be shown that, given
a> a*(@),VC prefers to invest b, and to convert Crather than not to invest

and to convert C. Hence, we have to show that

av(a, bs,0) —bs+ K — T > av(a,by,0) + K —1I (A20)
for all @ > a*(0). Substituting (21) for a this is equivalent to

C+bs— by
v(ax(6), bs,0)

Note that by Assumption 1(d) the left hand side of (A21) is monotonically
increasing with a. Hence, if (A21) holds for a = a*(8), it also holds for all
a>a*(0). Substituting a = a*(), (20) for C, and rearranging yields (24).
Hence, we have shown that it is optimal for VC to invest and to convert
his debt in state 6 if a > a*(@); so0 in this range of a, he is induced to invest
efficiently and there is no scope for renegotiation.

[v(a, bs,0) — v(a, by, 0)] > b, (A21)

Consider now E's investment if she is restricted to choosing a > a*(8). If she
chooses a = a*(0),VC will invest b, and exercise his conversion option, so Es pay-
off is

UE(a*(0),0) = (1 — «)v(a*(0), bs,0) — a*(®) — K (A22)
Recall that by (21) av(a*(0), by, ) = C + bs. Substituting this in (A22) we get
UE(a*(0),0) =v(a*(0), bs,0) — by —a*(®) — C - K

A (A23)
=S(a*(8),b*(0),0) - [C + K]

which is weakly positive by (22). Hence, if E chooses a = a*(f), she gets the entire
social surplus at @ = a*(0) minus the constant C+K. Investing more than a*(8)
reduces social surplus by the definition of the first best and increases the payoff
of VC, who can always guarantee himself at least C+K — I. Thus, because E’s and
VC’s payoffs add up to the social surplus, E’s payoff must fall. Hence, E will never
invest more than a*(9).

Suppose now that E chooses a <a*(f). Without renegotiation, VC will not exer-
cise his conversion option and not invest b, which is inefficient. In this case, there
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is scope for an efficiency improvement, so the parties will renegotiate the initial
contract in order to induce VC to convert C and to invest b,. Define a(6) by
v(a(0),bo,0) = C+ K. Consider first a “small” deviation from a*(f) such that
a(0) < a<a*(0). Inthis case, E is able to repay her debt, so VC can still guarantee
himself a return of C+K — I by choosing by and not converting C. Clearly, VC will
not agree to a new contract that gives him less than this. E’s payoff after renego-
tiation is given by
U%(a | ) =v(a, by,0) — C — K — a + A[v(a, bs, 0) — bs — v(a, by, 0)]

Z’I[U(aa bsaé) - bs] + (1 - i)v(a, bo,a) - [C + K] —a

<v(a,bs,0) —b; —a — [C + K]

<v(a*(0),bs,0) — b, —a*(0) — [C+ K] = UE(a*(0)|0). (A24)

The last inequality follows from the definition of the first best. The intuition is
simply that if E invests (slightly) less than a*(8), then the total surplus becomes
smaller while the return to VC does not decrease. Hence, such a deviation cannot
pay for her.

Consider now a “large” deviation, that is, @ <a(0). In this case, E cannot repay
her debt. Thus, E’s expected payoff after renegotiation is given by

Uf(a<a(®) |6) = Av(a,bs,0) — bs— v(a,by,0)] —a (A25)
If E chooses a = a*(0), her payoff is given by
UE(a*(0)|0) = v(a*(0),b;,0) — by — a*(0) — [C + K] (A26)
Hence, if
Av(a, bs,0) — by — v(a, by, 0)] — a < v(a*(f),bs,0) — bs — a*(0) — [C+ K] (A27)

E prefers to choose a = a*(0). This is equivalent to condition (23) in the proposi-
tion.
Note that

Av(a, bs,0) — by — v(a, b, 0)] —a

<A[v(a, bs,0) — by —a — v(a, by, 0)]
<Alv(a*(6), bs,0) — by — a*(0) — v(a, bo, 0)]
<A[S(a*(0), bs,0) — 1]

(A28)

Hence, a sufficient condition for (23) to be satisfied is
A[S(a*(0),bs,0) —v] < S(a*(d),bs,0) — [C+ K] (A29)
Substituting (20) and rearranging gives
I—-v

K < (1= D[S(a*(©), b, 0) ~u] - (A30)
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Finally, given the convertible debt contract, VC’s expected equilibrium payoff is
given by
UYC = plav(a*(8), bs,0) + K — bs] +q[C+ K]+ (1—p—quu—1
=P+q[C+K]|+(1-p—qu-1 = p+9K
by the definition of C. E’s expected payoff is given by
U =p - [S(a*(B), b5,0) — (C + K)] + q - [S(a*(01), bo, ) — (C + K)]
+1-p-q)-0 (A32)
=ES(a*(0),b%(0),0) — (p + q)K.

(A31)
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