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ABSTRACT

Stage Financing and the Role of Convertible Debt*

Venture capital financing is characterized by extensive use of convertible debt
and stage financing. The paper shows why convertible debt is better than a
simple mixture of debt and equity in stage financing situations. When the
venture capitalist retains the option to abandon the project, the entrepreneur
has an incentive to engage in ‘window dressing’ or short-termism, i.e. to bias
positively the short-term performance of the project, in order to reduce the
probability that the project will be liquidated. With a convertible debt contract,
such behaviour reduces the likelihood of liquidation, but increases the
probability that the venture capitalist will convert debt into equity, reducing the
entrepreneur’s profits. With convertible debt, therefore, the entrepreneur will
not engage in as much short-term behaviour in terms of signal manipulation in
comparison to a situation where only straight debt-equity financing is used.
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NON-TECHNICAL SUMMARY

Because of the high levels of uncertainty and failure risk of new ventures, a
widely used financing technique is the infusion of capital over time. The
venture capitalist who provides the funds retains the option to abandon the
venture at any stage whenever the forward-looking net present value of the
project is negative. Each financing round is usually related to a significant
stage in the development process, such as completion of design, pilot
production, first profitability results, or the introduction of a second product. At
every stage new information about the venture is released.

Stage financing is appealing to the venture capitalist who preserves a valuable
option. First, the option to abandon is essential because an entrepreneur will
almost never stop investing in a failing project as long as others are providing
capital. Second, since abandonment of the project by the venture capitalist
typically forces the entrepreneur to liquidate the project, the option to abandon
creates incentives for the entrepreneur to maximize value and meet goals.
There is empirical evidence that when the fraction of intangible assets in a
project is high, agency costs are likely to be high and monitoring is more
valuable. The number of stage financing rounds then increases with the
fraction of intangible assets.

Stage financing may not always work as a value enhancing motivating factor.
It might induce the entrepreneur to aim for short-term success rather than
long-term value creation. In other words, the entrepreneur may try to improve
short-term performance to make sure that the project will be refinanced. The
paper argues that convertible debt, which is widely used in venture capital
financing, can attenuate the incentives to engage in ‘window dressing’ on the
part of entrepreneurs. By shifting resources to improving shont-term signals the
entrepreneur reduces the probability of liquidation but, at the same time,
increases the probability that in the event of refinancing the venture capitalist
will decide to exercise the debt conversion option, becoming the owner of a
substantial fraction of the venture. If the terms of conversion are set in
advance to be sufficiently favourable to the debt holder (the venture capitalist),
the entrepreneur faces a situation where good news about the project entails a
reduction in their profit because of debt conversion by the venture capitalist.
As a consequence the entrepreneur will not engage in as much short-term
behaviour in terms of signal manipulation in comparison to a situation where
only straight debt-equity financing is used.



The debt conversion option, at a prespecified conversion ratio that is
sufficiently favourable to the entrepreneur, can be interpreted in terms of
‘renegotiation design’ (a concept suggested by Aghion, Dewatripont and Rey
in a recent paper). They show that if the bargaining power in various
renegotiation contingencies can be allocated in advance in a credible manner,
the first-best allocation can be implemented despite non-verifiability of a
commonly observed signal. In the model in this paper, agreeing on a debt
conversion option at a predetermined price is roughly equivalent to agreeing
on the degree of bargaining power that the venture capitalist will have after
observing the non-verifiable signal.

An analogous effect occurs if the entrepreneur issues warrants to the venture
capitalist. If the terms of conversion of warrants to regular shares are set in
advance and are sufficiently favourable to the venture capitalist, the
entrepreneur will not engage in as much short-term behaviour in terms of
signal manipulation in comparison to a situation where only straight debt-
equity financing is used. The paper explains how the model admits warrants in
lieu of, or in addition to, convertible debt. Convertible preferred equity is also
commonly used in venture capital financing. Until conversion, a convertible
preferred stock promises a fixed dividend (and hence is similar to convertible
debt). Unlike debt, failure to pay the dividend does not trigger liquidation;
rather, the unpaid dividends accrue and must be paid before any dividends are
paid out to common stock holders. The model applies, with minor changes, to
convertible preferred equity as well. Other major advantages of preferred
shares are favourable tax treatment and the fact that preferred shares carry
votes with them. Since the model abstracts from taxes and control rights, it
would make little difference if convertible preferred equity rather than
convertible debt were used.

In the model here, with a straight debt-equity contract, the entrepreneur will
always engage in signal manipulation. To underline the damaging effect of
such behaviour the paper constructs the model so that if the entrepreneur is
unable to commit to not manipulating the signal, the project will not be
financed, even if total expected profits without signal manipulation are positive.
The paper then shows how to construct a contract with convertible debt such
that the entrepreneur will not engage in signal manipulation and, consequently,
the venture capitalist will finance the project.

Venture capital convertible debt contracts do not always rely on voluntary debt
conversion, but rather on automatic conversion agreements, where debt is
converted if certain profit, sales, or performance milestones are attained. Such
features fit the model of this paper perfectly, where the central property of the



convertible debt contract is the threat that, if the project performs too well in
the short term, debt will be converted. Another characteristic of the model is
that the optimal capital structure for the project consists of a mixture of debt,
equity, and convertible securities, which is very common in real life situations.
The paper establishes that such a mixture of instruments is superior to straight
debt-equity financing, but does not actually determine the optimal mix of
financing instruments.

Most existing explanations for the use of convertible debt are centered on
asymmetries of information between managers and investors regarding the
firm’s value and riskiness. These explanations are mainly suitable for publicly
traded convertible securities, but do not fit very well with venture capital
financing, which is centred on a close relationship between an entrepreneur
and a venture capitalist, and where information regarding the project’s quality
is gradually revealed to both parties.



1 Introduction

Because of the great uncertainty and high failure risk of new ventures, a widely used fi-
nancing technique is the infusion of capital over time. The venture capitalist who provides
the funds retains the option to abandon the venture at any stage whenever the forward
looking net present value of the project is negative. Each financing round is usually related
to a significant stage in the development process, such as completion of design, pilot pro-
duction, first profitability results, or the introduction of a second product. At every stage
new information about the venture is released (Sahlman 1990).

Stage financing is appealing to the venture ‘capitalist who preserves a valuable option.
First, the option to abandon is essential because an entrepreneur will almost never stop
investing in a failing project as long as others are providing capital (Admati and Pilei-
derer 1994). Second, since abandonment of the project by the venture capitalist typically
forces the entrepreneur to liquidate the project, the option to abandon creates incentives
for the entrepreneur to maximize value and meet goals. Gompers (1995) points out that
when the fraction of intangible assets in a project is high, agency costs are likely to be high
and monitoring is more valuable. He then shows that the number of stage financing rounds
increases with the fraction of intangible assets.

Stage financing may not always work as a value enhancing motivating factor. It might
induce the entrepreneur to aim for short-term success rather than long-term value cre-
ation. In other words, the entrepreneur may try to improve short-term performance in
order to make sure that the project will be refinanced (Sahlman 1988, Hellmann 1993,
von Thadden 1995).! We argue that convertible debt, which is widely used in venture
capital financing, can attenuate the incentives to engage in “window dressing” on the part
of entrepreneurs. By shifting resources to improving short-term signals the entreprencur

reduces the probability of liquidation but, at the same time, increases the probability that

'"Narayanan (1985) and Stein (1989) focus on short-termistic behavior of managers whose salaries depend
on short-term profitability or stock price performance.



in the event of refinancing the venture capitalist will decide to exercise the debt conver-
sion option, becoming the owner of a substantial fraction of the venture. If the terms of
conversion are set in advance to be sufficiently favorable to the debt holder (the venture
capitalist), the entrepreneur faces a situation in which good news about the project entail
a reduction in his profit because of debt conversion by the venture capitalist. As a conse-
quence he will not engage in as much short-termistic signal manipulation in comparison to
a situation where only straight debt-equity financing is used.

The debt conversion option, at a pre-specified conversion ratio that is sufficiently favor-
able to the entrepreneur, can be interpreted in terms of “renegotiation design,” a concept
suggested by Aghion, Dewatripont, and Rey (1994). They show that if the bargaining
power in various renegotiation contingencies can be allocated in advance in a credible man-
ner, the first best allocation can be implemented despite non-verifiability of a commonly
observed signal. In our model, agreeing on a debt conversion option at a predetermined
price is roughly equivalent to agreeing on the degree of bargaining power that the venture
capitalist will have after observing the non-verifiable signal.

An analogous effect occurs if the entrepreneur issues warrants to the venture capital-
ist. If the terms of conversion of warrants to regular shares are set in advance and are
sufficiently favorable to the venture capitalist, the entrepreneur will not engage in as much
short-termistic signal manipulation in comparison to a situation where only straight debt-
equity financing is used. We explain how our model admits warrants in lieu of or in addition
to convertible debt. Convertible preferred equity is also commonly used in venture capital
financing. Until conversion, a convertible preferred stock promises a fixed dividend (and
hence is similar to convertible debt). Unlike debt, failure to pay the dividend does not
trigger liquidation; rather, the unpaid dividends accrue and must be paid before any divi-
dends are paid out to common stock holders. Our model applies, with minor changes, to
convertible preferred equity as well. Other major advantages of preferred shares are the

favorable tax treatment and the fact that preferred shares carry votes with them. Since



our model abstracts from taxes and control rights, it would make little difference if we used
convertible preferred equity rather than convertible debt.?

In our model, with a straight debt-equity contract the entrepreneur will always engage
in signal manipulation. To underline the damaging effect of such behavior we construct
the model so that if the entrepreneur cannot commit not to manipulate the signal, the
project will not be financed, even if the total expected profits without signal manipulation
are positive. We then show how to construct a contract with convertible debt such that
the entrepreneur will not engage in signal manipulation and, consequently, the venture
capitalist will finance the project.

Venture capital convertible debt contracts sometimes do not rely on voluntary debt
conversion, but rather on automatic conversion agreements, where debt is converted if
certain profit, sales, or performance milestones are attained.® Such features fit exactly our
model, where the central property of the convertible debt contract is the threat that, if the
project performs too well in the short term, debt will be converted. Another characteristic
of our model is that the optimal capital structure for the project consists of a mixture of
debt, equity, and convertible securities which is very common in real life situations. We
establish that such a mixture of instruments is superior to straight debt-equity financing,
but we do not actually determine the optimal mix of financing instruments.!

Existing explanations for the use of convertible debt are centered on asyminetries
of information between managers and investors regarding the firm’s value and riskiness
(Green 1984, Brennan and Schwartz 1988, Harris and Raviv 1985, Stein 1992, and Ny-

borg 1995). These explanations are mainly suitable for publicly traded convertible secu-

2For an analysis of transfers of control in venture capital financing situations see, for example, Chan,
Siegel, and Thakor (1990) and Trester (1996).

3Gompers (1996, Table 4) reports, for a sample of 50 convertible preferred equity financings by venture
capital firms, that 38 percent of the contracts included automatic conversion covenants prior to the initial
public offering, where conversion would take place if annual income were to exceed some pre-specified
amount.

4The optimal mix of debt, equity, and convertible debt depends, among other things, on the bargaining
power of the parties, which determines how the surplus (created by the presence of convertible debt) is split
among them.



rities, but do not fit very well with venture capital financing which is centered on a close
relationship between an entrepreneur and a venture capitalist, and where information re-
garding the project’s quality is gradually revealed to both parties.> The exceptions are
Green (1984), where convertible debt affects the inclination of the entrepreneur to engage
in risky projects, and is therefore particularly useful in start-up financing situations, and
Gompers (1996) who also focuses on the use of convertible debt in venture capital financing.

Of related interest is the literature analyzing long term financing contracts with infor-
mation arising in the short term (a typical characteristic of venture capital financing). Both
Hellmann (1993) and von Thadden (1995) study situations where the entrepreneur might
lose sight of the big picture, focusing too narrowly on meeting short-term goals. von Thad-
den (1995) shows that a contract that resembles a long-term credit line can reduce such
short-termistic behavior in stage financing situations, while Hellmann (1993) concentrates
on an optimal debt-equity mix. Bagwell and Zechner (1993) analyze a situation where
managers of a division of a firm can exert effort to influence a divestiture decision by the
top management, which is a different context in which an agent attempts to influence the
decision of a principal to discontinue a project. They study the role of the capital struc-
ture in reducing the cost of such behavior. Most of this literature focuses on the choice
of the debt-equity mix, while our focus is on how to improve on any given debt-equity
contract by using convertible debt. The exceptions are Marx (1993) and Berglof (1994).
Marx (1993) argues that when the venture capitalist is risk averse, convertible preferred eq-
uity dominates both only equity and only debt financing by generating the right incentives
for the venture capitalist to intervene in the project as a response to poor performance.
Berglof (1994) focuses on the role of convertible securities in mitigating the distributional
conflicts associated with a future sale of the firm.

In the next section we present the model under the assumption that debt-equity con-

*See Sahlman (1988) and Gorman and Sahlman (1989). Gompers (1996) argues that venture capital
convertible debt contracts are quite different from convertible debt contracts in large public corporations.



tracts cannot be renegotiated, and show how the introduction of convertible debt generates
an improvement for both parties. In Section 3 we relax this restriction, showing that when
renegotiation of debt-equity contracts is allowed, convertible debt contracts are strictly bet-
ter than straight debt-equity in most cases, and equivalent to debt-equity contracts in some
cases. In Section 4 we further extend the model by introducing an additional decision for
the entrepreneur—whether or not to exert effort which affects long term profits. The basic

results are unaffected by this generalization of the model. Section 5 concludes.

2 The Model

At time 0 an entrepreneur considers undertaking a project with uncertain returns. There
are two possible states of nature: with probability 1/2 the state is “good”, which we index
y = yn, and with probability 1/2 the state is “bad,” y = y;. If y = vy;, the project will
generate a (stochastic) output, m;, distributed exponentially with density e~ on the
interval {0, 00). Let Ay < A, .e. 1/Ay, the mean of my, is larger than 1/X;, the mean of 7.

The entrepreneur has no capital and, therefore, will ask a venture capitalist to lend him
the required funds. The total amount of money necessary for the project is I; + I, of which

I, must be invested at time 0, and I2 at time 1 provided that the project is not liquidated.

Information and signal manipulation

At time 1, a signal, z, about the distribution of y is realized and is observed by the
entrepreneur and the venture capitalist. The signal can be, for example, the short-term
performance of the project, observed by both parties who update their expectations about
the quality of the project. The signal can take three values: z, (bad), z, (medium), and
xg (good). A bad signal is a sure indication that the project is bad (i.e. that the state of
nature is y;), while a good signal indicates with certainty that y; = y,. Most of the time,

however, a medium signal is observed, leaving room for uncertainty regarding the state of



nature. In other words, short-term performance can be extremely good or bad so there is
no doubt regarding the long-run prospects of the project, or it may be satisfactory with
some uncertainty remaining. The signal is observed by both parties but is not verifiable.
Therefore, it is not possible at time 0 to write a contract contingent on the signal z.

Between time 0 and time 1, the entrepreneur can engage in “window-dressing,” artifi-
cially improving short-term performance. By artificially we mean that such activity does
not affect the probability of a good outcome (y; = v,) in the long-run, which remains 1/2,
but simply reduces the probability that the project is revealed to be bad already at time 1.
Let us call such activity signal manipulation and denote it a = 1, while @ = 0 denotes
no signal manipulation. The venture capitalist cannot observé whether the entrepreneur
engages in signal manipulation.®

Table 1 displays the joint distribution of signal and output when a = 0 (no signal
manipulation) and when a = 1 (signal manipulation). The parameter ¢ € (0,1/3) is
exogenous and captures the extent to which the entrepreneur can manipulate the signal.
By manipulating the signal the entrepreneur reduces the probability of z, from 1/3 to ¢
and increases the probability of 24 from € to 1/3. Furthermore, signal manipulation reduces
the probability of y, conditional on observing z,, (in comparison to the probability of y,
conditional on z,, when there is no signal manipulation). This is perfectly intuitive: when
the venture capitalist knows that the entrepreneur has manipulated the signal, he relies
less on short-term performance. Finally, note that signal manipulation does not affect the
ex-ante probability of y, which remains 1/2.

To simplify the exposition, the joint distribution in Table 1 is such that z) and z, are
precise signals, i.e. after observing them the venture capitalist and the entrepreneur are

certain that the state of nature is, respectively, bad or good. However, this feature is not

5We assume that the entrepreneur can manipulate the signal costlessly. In Section 4 we intreduce both
a direct cost of signal manipulation (born by the entrepreneur) and an indirect cost—signal manipulation
comes at the expense of effort devoted to the improvement of long-run performance. The results do not
change in a meaningful way.



Table 1: Joint distribution of output (y) and signal (z) with no signal manipulation (a = 0)
and with signal manipulation (a = 1). The state can be bad, with low output (y;), or good,
with high output (ys), and the signal can be bad (z), medium (z.,), or good (xy). The
parameter € is exogenous.

No signal With signal
manipulation manipulation
(a=0) (a=1)
Tp T T4 Ty T Tg
. 1 1 1
Low output: y; 3 £ 0 € 5 =€ 0
High output: yj, 0 L-¢ e 0 s 3

necessary for our result. For example, if we modified Table 1 by letting the probability of
the events “zy and y),” and “zg and y;” be a > 0 (rather than zero), the same results would
go through provided that « is not too high.”

For our main result, we need to assume that the ratio A;/)\, is “large enough,” i.e. that
the profitability of the project in the good state, relative to the bad state, is sufficiently

big. More precisely, we assume that

Ap A
LIPS s 124—65 (1)
Al

which holds for A;/Ap, large enough since lim,_, o, 2e¥~! = 0o. To give a sense of the required
g g y by g q

order of magnitude for this ratio, A;/A; > 4 is a sufficient (but not necessary) condition
for Proposition 2 to hold. After presenting the proposition, we provide the intuition for

requirement (1).

"A high value of a renders the good signal not so good after all.



Stage financing

After observing the signal, the venture capitalist decides whether to refinance the project
and supply I; to the entrepreneur, or liquidate. For simplicity, we assume that the payoff
to both parties following liquidation is zero. The venture capitalist will refinance if his
interim payoff is positive. If the project is refinanced, the output is realized at time 2, and
is distributed to the entrepreneur and the venture capitalist according to the contract that
has been agreed upon. In principle, the venture capitalist could commit at time 0 to supply
both amounts I and I, irrespectively of the signal z. Committing the entire amount
necessary for a project is not common in venture capital financing situations, where the
ex-ante risk of failure is often too high compared to the required investment. We, therefore,
assume that

+ - (I + I) <0, (2)

1
Ak

N =

1
Al

B =

namely, committing the entire amount I, + I up front is not profitable. Notice that the
(ex-ante) payoff in (2) is the same for a = 0 and a = 1. This is because signal manipulation
affects only the (interim) probabilities of the states of nature conditional on the observed
signal, but not the true (ex-ante) probabilities. Requirement (2) implies that stage financing

is the only viable method for undertaking the venture.

Debt-equity financing

The venture capitalist can provide funding to the entrepreneur in the form of debt, equity,
or a combination of the two. We denote a debt-equity contract by (d, s), where d is the
amount of debt that the entrepreneur owes the venture capitalist, and s is the fraction
of the enterprise’s equity owned by the venture capitalist. For the sake of clarity, in this
section we restrict attention to debt-equity contracts that cannot be renegotiated at time 1.
In Section 3 we relax this restriction, explaining when a debt-equity contract will be rene-

gotiated. The essence of the analysis goes through also when debt-equity contracts can be



renegotiated at time 1. Studying the model with the possibility of renegotiation develops
our intuition for why convertible debt solves the window-dressing problem.

Consider the debt-equity contract by (d, s). The magnitudes d and s are determined at
time 0 (prior to the choice of a by the entrepreneur), and do not change throughout the
life-time of the venture. At time 0, I is supplied. At time 1, if the project is not liquidated
after observing the signal, I; is supplied. At time 2, the output is divided according to d
and s. The promised amount d may be larger or smaller than I} + I, the total amount of
financing.® We assume s € [0,1), i.e. the entrepreneur must own some shares. This is easily
justified on the grounds that otherwise, the entrepreneur will not make any effort for the
project to succeed in the long-run.? Of course, the debt-equity contract must be acceptable
to both parties, namely, d and s must be such that, given the level of a optimally chosen by
the entrepreneur, the ex-ante payoff to both parties is non-negative. We provide a detailed

analysis later.!?

Convertible debt

Alternatively, the venture capitalist and the entrepreneur can sign a convertible debt con-

tract which we characterize in the following way. At time 0, the initial debt and equity

8For example, d > I) + I, reflects a positive interest rate.

“In Section 4 we introduce an additional choice of effort by the entrepreneur, that affects long-run (time 2)
profits. We will show that, indeed, s < 1.

®Since z is not verifiable, it is not possible to write in the contract at time 0 that I, will depend on z.
Further, also d and s must be specified in the contract at time 0. It can be shown (but we omit here the
detailed explanation for simplicity) that both parties will prefer to specify d and s at time 0, taking into
account the entire loan /) + I;. The intuition relies on the fact that one of the two parties may end up being
held up at time 1. If the entrepreneur has enough bargaining power, then at date 1 the venture capitalist
may be “locked in.” For example, if the entrepreneur has all the bargaining power, then at time 1 he will
offer a new debt-equity contract which guarantees the venture capitalist just enough (expected) revenue to
cover Iz. The venture capitalist will accept the offer since I, is sunk. Foreseeing this, the venture capitalist
will prefer to have d and s specified at time 0. A similar logic can be applied to the entrepreneur if his
participation in the project requires an arbitrarily small amount of effort at time 0 (as we will assume in
Section 4). Then, at time 1 the entrepreneur is “locked in” —since his investment in effort is sunk—and if
the venture capitalist has enough bargaining power he can extract part of the entrepreneur’s surplus. As a
result, the entrepreneur will prefer to specify d and s at time 0. Therefore, defining the cum interest debt,
d, relative to the entire amount of financing, I) + I3, and s as a share of the ex-post profits of the project,
is without loss of generality.



holdings by the venture capitalist are dp > 0 and sp > 0. Let dp — d > 0 of the debt be
convertible into equity at the conversion ratio vy satisfying s —sp = #(dg —d), where s and d
are the post-conversion debt and equity positions after all the convertible debt is converted,
and s — sg is the fraction of the equity purchased. A special case is 100 percent initial debt
financing (so = 0). Another special case is that all the debt is convertible (d = 0). A
contract with convertible debt is, therefore, characterized by (do, so,7, do — d)-

At time 0, I; is supplied. At time 1, after observing the signal, the venture capitalist
decides whether to liquidate or refinance. He can refinance without converting any debt,
in which case the output is divided at time 2 according to dp and sg, as in the case of
a straight debt-equity contract. Alternatively, he can refinance and convert any amount
smaller or equal to dy — d at the pre-determined conversion ratio 7.!! Denote by d>d
and § € [so, s] the post-conversion debt and equity positions after converting some amount
dy - d < do — d at the conversion rate v, namely, § — s¢ = %(do - d) At time 2, the output
is divided according to the new debt and equity positions, d and §. We provide a detailed
analysis later, where we also show that renegotiating -y is not possible since any change in

7, after observing the signal z, entails a loss to one of the parties.

The analysis proceeds in the following way. Given the contract that is in effect, the
entrepreneur decides whether to manipulate the signal so as to maximize his ex-ante payoff.
We will show that for any straight debt-equity contract, the entrepreneur will choose to
manipulate the signal. To underline the loss of welfare due to the manipulation of the
signal, we will assume that the parameters are such that if there is signal manipulation,

debt-equity financing will not take place in the first place. Moreover, we will show that

1The deadline for conversion is irrelevant as long as it is prior to the total resolution of uncertainty, at
time 2. Since no income accrues to the shareholders before time 2, the venture capitalist has no interest in
converting debt before observing the signal z. The time of debt conversion in the model seems, therefore, to
capture a realistic feature of venture capital financing, namely, that the decision whether to convert debt,
and how much to convert, is taken at a time when there is still much uncertainty remaining regarding the
success of the venture. At the end of this section we will show that it is never optimal to set the deadline
at time 2, i.e. after the resolution of uncertainty.

10



for the same parameter values there is a convertible debt contract, (dg, sg,7y,do — d), such
that the entrepreneur will choose not to engage in signal manipulation and, therefore, the

project will be financed.

The liquidation decision

The entrepreneur never wants to liquidate the project once it has started since he provides
no financing and, because of limited liability, he always obtains a positive payoff as long
as s < 1.'2 The driving force behind our result is the conflict of interest between the
entrepreneur, who always wants to proceed with the project, and the venture capitalist
who wants to refinance the project only if there are favorable interim news regarding the
probability of success. One could imagine that the venture capitalist will choose to continue
the project if the interim performance is above a minimum threshold. For simplicity, we
have modeled the interim performance with the discrete signal, z. We, therefore, assume
that the parameters are such that if the signal is bad the venture capitalist will liquidate
the project, while if it is medium or good he will provide additional financing. Also, the
decision whether or not to convert debt will depend on the interim performance. To ensure
that the venture capitalist will liquidate following z,, we assume that the (interimn) expected

profit of the project, conditional on a bad signal, is negative,

1
Sy
/\[ 2<07 (3)

?Moreover, we can imagine that any investment by the entrepreneur in human capital is firm-specific
and, hence, sunk.

11



which is true with or without window dressing.!® To ensure that the (interim) expected

profit of the project, conditional on a medium signal, is positive we assume that

(r=e) 5+ (=) - =>e W

Condition (4) implies that total (interim) expected profits are positive when a = 1, and
therefore also when a = 0. Condition (4) thus ensures that there exists a debt-equity
contract such that, following the signal z,,, the venture capitalist’s (interim) expected
share of the output, if the project is continued, is positive (we spell out the details later).
In sum, following z; the venture capitalist liquidates the project, while following z,,, and
hence also following z,, he may refinance it.

We assume that, conditional on @ = 0, the ex-ante expected profits of the project are
positive. Since by (3), the venture capitalist always liquidates the project after observing

Ty, ex-ante expected profits (conditional on a = 0) are

11 11 2

——t-—-5L - >0 5

6N 2x, 1372 (5)
In other words, with the introduction of stage financing, if there is no signal manipulation
the project is worth financing so, in particular, there is a debt-equity contract such that the

venture capitalist would agree to lend I at time 0. We further assume that if the signal is

manipulated (a = 1), the ex-ante expected profits of the project are negative,

1 1 11
(——G)X;+§A—h—ll—(1—6)12<0, (6)

and the venture capitalist will not agree to provide I; at time 0. By manipulating the

1¥We do not actually need such a strong assumption. The venture capitalist will choose not to refinance
if h1s payoff, not the entire expected output, is lower than I;. For simplicity, we make the stronger assump-
tion (3) which allows us to claim that for any debt-equity contract, the venture capitalist liquidates the
project after observing a bad signal.
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signal, the entrepreneur reduces to e the probability that the project will be liquidated, but
in so doing he also reduces the benefit of introducing stage financing (i.e. he reduces the
value of the option to abandon the project) rendering the project nonviable. However, we
are now going to show that the entrepreneur, once debt-equity financing has been obtained,

will always want to manipulate the signal.

Signal manipulation with debt-equity financing

Consider the debt-equity contract (d,s). Assuming limited liability and zero bankruptcy
costs, the ex-post payoffs (after the state of nature is revealed but before profits are realized)

to the venture capitalist and the entrepreneur when y = y;, i = [, h, are

V0 = [ mide M idm + [1d + s(r; — d)] A e M i dy

= Lll-e N1y,

Interim payoffs following the signal z; are weighted averages of ex-post payoffs, minus I,

for the venture capitalist (at time 1, I; is already sunk):

EpC), = q[j(a)%[l—e_’\’d(l—s)]+th(a)ﬁ[1—e"’\”d(l—s)]-Iz,
(8)

ElEl, = qyla)ze M1~ s)gns(a) e d(1 - ),

where g;;(a) is the probability of yi conditional on the signal z;, given a. For instance, if
a =0, gne(0) = %%:— and g, (0) = #SLE—(. The ex-ante payoff of the entrepreneur is the
weighted average of the interim payoffs. The ex-ante payoff of the venture capitalist is the
weighted average of the interim payoffs minus the investment I. Of course, the ex-ante

payofs take into account the liquidation decision of the venture capitalist, namely the fact
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that if the signal is z, the project is terminated.
From (5) and (6) it follows that the venture capitalist may finance the project (i.e.,
provide seed financing 1)) only if he anticipates that a = 0. However, the entrepreneur

cannot commit not to manipulate the signal (since a is not observable).

Proposition 1 For any debt-equity contract, the entrepreneur will manipulate the signal,

t.e., in equiltbrium a = 1.

Proof. We begin by showing that a = 0 cannot occur in equilibrium. Consider (d, s) such
that if a = 0 the venture capitalist refinances the project after observing z,,, namely, his
payoff in (8) is positive for @ = 0. Suppose that (by way of chontradiction) in equilibrium
a = 0. If the entrepreneur indeed chooses a = 0 his ex-ante payoff is

11
L v g p 2 lomeg ), )

E[laco =
[Ela=o 6N 2,

This payoff is constructed as follows. With probability 1/3 the signal is z, and the payoff
to the entrepreneur is zero. With the remaining probability the signal is z,, or z, and the
venture capitalist will refinance the project. Then, y; = y; occurs with probability 1/6,
generating the payoff %{e“*ld(l — s), and y; = yp occurs with probability 1/2, generating
the payoff ﬁe_*hd(l — s). If the entrepreneur deviates choosing a = 1 (while the venture

capitalist believes that a = 0), he gets

1 1 11 _
E[€]am1 :(5 —e)xe A’d(l——s)+§>‘—he Ard (] _ g, (10)

which is surely higher. Therefore a = 0 is not optimal for the entrepreneur, and cannot

occur in equilibrium.

We have shown that if the venture capitalist refinances the project after observing z,,
a = 0 cannot occur in equilibrium. Let us consider the other possibility, namely that (d, s)

is such that the venture capitalist liquidates the project after observing z,,, and suppose
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(again, by way of contradiction) that the entrepreneur chooses a = 0. The payoff to the

entrepreneur is

Ella=0 = 6%6_’\"‘1(1 —s). (11)

By deviating to a = 1 (while the venture capitalist believes that a = 0) the entrepreneur

increases his payoff to

E[fla=1 = %/\—lhe_)"‘d(l —s). (12)

Therefore ¢ = 0 can never occur in equilibrium.

We now show, using the same logic, that if (for some reason) the project is financed at
time 0 with a straight debt-equity contract, in equilibrium the entrepreneur manipulates
the signal (¢ = 1). Consider (d,s) such that if @ = 1 the venture capitalist refinances
the project after observing z,, namely, his payoff in (8) is positive for a = 1. If the
entrepreneur chooses a = 1 he obtains the payoff in (10) while if he chooses ¢ = 0 he
obtains the payoff in (9) which is smaller. Similarly, for (d, s) such that if ¢ = 1 the venture
capitalist liquidates the project after observing z,,, if the entrepreneur chooses a = 1 he
obtains the payoff in (12) while if he chooses a = 0 he obtains the smaller payoff in (11).}4
qed

We have demonstrated that if the venture capitalist agrees to finance the project, ¢ = 1
1s optimal for the entrepreneur, whereas a = 0 is not. However, we assumed that if a = 1
the project is not worth financing in the first place (see (6)). Therefore, the project, which
is profitable provided there 13 no signal manipulation, will not be financed with a straight
debt-equity contract because straight debt-equity fails to provide the incentives for no signal

manipulation, rendering the project nonviable.

"¥This feature of the model resembles Stein (1989) where managers try to inflate the price of the company
shares. Although the market is perfectly able to anticipate this behavior, the managers will nevertheless
engage in signal manipulation since they take market expectations as given.
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The role of convertible debt in preventing signal manipulation

We will show that with an appropriately designed financing scheme that combines equity,
debt, and convertible debt, the project will be financed, and the entrepreneur will not
engage in signal manipulation. Consider a convertible debt contract, (do, so,7,do — d),
where dy and sg are the initial debt and equity positions, and ~ is the conversion ratio. The
debt and equity positions after conversion of an amount of convertible debt do — d < dy—d,

are d and §,where §—s¢ = 1(dp —d). Therefore, the ex-post payoffs to the venture capitalist

1
¥

and the entrepreneur when y = y;, i = [, h, are

Ve, = _)‘1:[1 - e—)\i[do—7(§—50)](1 - §)]’
(13)

& = e—/\.[do—7(5—so)](1 - 3).

=

If the venture capitalist converts the entire amount of convertible debt, then § = s and
d = d. The interim payoffs are weighted averages of such ex-post payoffs (minus I, for the
venture capitalist).

The conversion ratio, 7y, is not renegotiable after the signal z is observed. At time 1,
since the entrepreneur and the venture capitalist are risk neutral, there can be no mutual
gain from changing the terms of the contract—any such change will benefit one party
at the expense of the other. For example, following z4, a small increase in ~y renders
conversion more expensive, benefiting the entrepreneur, while a decrease in y benefits the
venture capitalist. A large change in y may alter the venture capitalist’s decision whether
to convert debt (following z,, or z4). If it does, then the venture capitalist’s expected share
of the output must increase. This follows from the fact that the venture capitalist is free to
choose whether to convert debt or not, so he will always choose the action that maximizes
his payoff. By risk neutrality, an increase in the venture capitalist’s expected share of the
output implies that the entrepreneur’s expected share must decrease. Thus, there can be

no renegotiation of .
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We will now construct a convertible debt contract, (do, so,7,do — d), such that in equi-
librium the entrepreneur will not manipulate the signal (a = 0) and, therefore, the project
will be financed. The contract has the feature that the venture capitalist converts the entire
amount dy —d if he observes x4, and converts nothing if he observes z,,. Given this behavior
of the venture capitalist, the entrepreneur finds it optimal to choose a = 0, and thus, the
venture capitalist agrees to provide seed financing at time 0. This result is summarized in

the following proposition:

Proposition 2 There is a convertible debt contract, (dy, so,7,do — d), such that in equilib-

rium there is no signal manipulation and the project is financed.

A detailed proof is provided in the Appendix. We provide here the main steps of the
construction, and their economic significance.'®

The proof consists of constructing a convertible debt contract such that in equilibrium:
(a) The venture capitalist agrees to provide J; at time 0; (b) the venture capitalist liquidates
the project after observing zj but not otherwise; (c) the venture capitalist does not convert
any debt after observing z,,; (d) the venture capitalist converts the entire amount dy — d
after observing z,; (e) the entrepreneur chooses a = 0. The choice of v, the conversion
ratio, plays a key role in the construction. If v is low, converting debt into equity is cheap
and the venture capitalist will always convert debt if he decides to refinance the project.
If v is high, the venture capitalist will never convert debt. The fact that v is not too
high guarantees that when the venture capitalist chooses to convert debt into equity after
observing a good signal, conversion takes place at a very convenient rate which hurts the
entrepreneur (in other words, the venture capitalist is buying underpriced equity). This

threat of debt conversion at a low price induces the entrepreneur to refrain from engaging

in signal manipulation.

5 Typically, there will be many such contracts. The choice among them will depend on the relative
bargaining power of entrepreneur and venture capitalist which will determine the division of surplus between
them.
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Recall that (3) implies that after observing a bad signal, z;, the venture capitalist
liquidates the project (requirement (b)). This constitutes the basic motivation for the
entrepreneur to manipulate the signal, rendering straight debt-equity financing nonviable.

The decision of the venture capitalist how much debt to convert is a solution to the max-
imization of his interim payoff with respect to 5. After observing z, the venture capitalist

maximizes

Epc), = Xl’: [1 — e~ Mnldo=7(8~s0)} (] _ 5)] (14)

with respect to 3, and after observing z,, he maximizes

ENVCn = ngf_(Hl_e—AI[dm(s—sO))(l_g)]

. (15)
+; g:z ﬁ [1 — e ldo=1(3-s0)](] 5)]

with respect to 3. Notice that in these expressions we have substituted for d using § — sg =
%(d() g (i)
The convertible debt contract that we construct in the Appendix has the property that

for any given sg, vy is chosen so thatl6
=71 —s) =0. (16)

Coudition (16) ensures that for any initial equity position, sq, the price of conversion, -,
is sufliciently low for the venture capitalist to convert the entire amount dy — d following
a good signal, x4, i.e., (16) is maximized at § = s (requirement (d)). This constitutes the
“threat” that prevents the entrepreneur from manipulating the signal.

We also want to ensure that when a = 0 {no signal manipulation), the venture capitalist
does not convert any debt after observing a medium signal, z,,, i.e. that (15) is maximized

at § = so (requirement (c)). This creates the motivation for the entrepreneur not to

"*The construction does not rely on “razor’s edge” arguments, and goes through if this equality is not
satisfied exactly.
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manipulate the signal. In the Appendix we show that, given (16), the expression in (15) is
strictly convex with respect to 8, and is maximized either when § = s (the maximal possible
amount is converted) or when § = sg (no debt is converted). The latter is optimal for the

venture capitalist if

é% [1 — e~ Mldo=7(s—so)}(] — s)] + (% - e)'XlZ [1 - e—/\h[do-’Y(S—SO)](l - .s)] -, <
%

L1 e (1 - 5)] +  (G-at[1-eeq - s0)| = I
(17)

The initial equity position of the venture capitalist, sg, and the conversion ratio, 7, implied
by condition (16) are such that converting a small amount has no effect on his payoff in
the bad state and a negative effect on his payoff in the good state. That is, given the
conversion ratio, he would have actually liked to increase his debt position at the margin
(which, of course, he cannot do). If the amount of convertible debt is sufficiently large,
further debt conversion starts becoming profitable for the venture capitalist at the margin.
Condition (17) ensures that the latter effect dominates. An important implication of this
step in the proof is that for the contract to be effective, the amount of convertible debt
must be sufficiently big.

To ensure that, given the behavior of the venture capitalist, the entrepreneur prefers

not to manipulate the signal (requirement (e)), we need the condition

%/\Le—/\zdo(l —so) + (% —€)eMndo(1 — 5q) + ey};e—kh[do—v(s—so)](l —s) >

(- e),\ile"\‘d"(l —s0) + fl-i;\l;e_’\"do(l - $0) + %Xlre_’\h[do“'“s"")](l - s).

(18)

This condition compares the entrepreneur’s ex-ante payoff without signal manipulation (the
left hand side) to his ex-ante payoff with signal manipulation, given that the venture cap-
italist converts debt when he observes z, but not when he observes z,,. The intuition
for (18) is quite simple. By manipulating the signal the entrepreneur reduces the probabil-

ity of liquidation (which is to his advantage), at a cost: signal manipulation increases the
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probability of a good signal inducing the venture capitalist to convert debt. If it is advan-
tageous for the venture capitalist to convert debt, the entrepreneur is worse off. When this
effect is sufficiently strong the entrepreneur will not manipulate the signal.

The last condition that has to be verified is the ex-ante participation condition for the

venture capitalist (requirement (a)),!”

%;\17[1 —e~Ndo(1 — 50)] + ( - e) Xl;[l — e M (1 ~ s9)]

1

’ (19)
+ e[l — e Mldorls=soll(1 —5)) [, - 21, > 0,
where the first three terms correspond to the three outcomes that occur with positive
probability following z., or 4 when a = 0 (see Table 1); I, is multiplied by the probability
that refinancing will occur when a = 0.

Conditions (17), (18), and (19) depend on the parameters A; and A,. Assumption (1),
that the difference between 1/A, and 1/, is “large enough,” ensures that these conditions
hold. The intuition is quite simple. The contract must be such that the venture capital-
ist chooses not to convert debt when he observes z,, (i.e. when the state of nature y; is
more likely) and to convert debt when he observes x4 (i.e. when the state of nature yy, is
more likely) which is more easily achieved when profits are very different across states of
nature. Furthermore, debt conversion must constitute a sufficiently large threat for the en-
trepreneur, which is more likely to happen if expected profits in the good state—when debt
conversion occurs—are very high, namely, when the venture capitalist buys underpriced
cquity the loss to the entrepreneur is very big.

In conditions (17), (18), and (19) the post-conversion debt level, d, is eliminated using
5 — 8y = %(do — d). The three inequalities depend on the parameters dg, sp, s, and 7.
Condition (16) pins down +«y for any value of sp. In the Appendix it is shown that, after

substituting for v using (16), values of dy > 0, s € [0,1], and s € (s, 1] can be found so that

""The entrepreneur will always agree to participate since he is not committing any resources of his own.
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conditions (17), (18), and (19) hold strictly. This is the sense in which the construction
does not rely on “razor’s edge” arguments. In particular, condition (16) may hold ounly
approximately without affecting the validity of the proof.

The role played by the nonverifiability of z should now be apparent. If z were verifiable
then the parties could agree at time 0 on a contingent debt-equity capital structure, as
a function of the realization of z. The above convertible debt contract could then be
mimicked by a contingent debt-equity contract. Nonverifiability of z rules out such a
contract, highlighting the fundamental role of the debt conversion option which is to adjust
the debt-equity structure to new information that is revealed during the life-time of the
project. This feature bears resemblance to provisions allowing the provider of financing to
take control of the project at some interim stage in response to nonverifiable information,
a feature that is very common in incomplete contracts environments. Here, as well as in
von Thadden (1995), the contract allows the provider of financing to alter the financial
structure of the contract (to change the output allocation rule) at some interim stage
in response to nonverifiable information. Furthermore, securities where debt conversion
occurs automatically in response to a verifiable performance variable such as profits or
sales (Gompers 1996), are none other than contingent debt-equity contracts that resemble

exactly the contracts we would obtain in our model when z is verifiable.

Warrants

In the above analysis we restricted attention to do > 0 (strictly positive initial debt) and
d > 0 (non-negative post-conversion debt). Suppose, for example, that dyg = 0 (no initial
debt). Then s — sp = %(do — d) is interpreted as follows: The venture capitalist acquires
s — sg shares at the exercise price y dollars per share, paying a total of |d| dollars.!® We can

think of the entrepreneur issuing to the venture capitalist a certain number of warrants at

'®Since s — so > 0 and do = 0, d must be a negative number. The convention d < 0 is not convenient to
work with; we use it here only to highlight that the analysis for warrants is identical to that of convertible
debt.
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time 0, with the initial contract specifying that the venture capitalist, after observing the
signal z, can convert warrants into shares at the predetermined exercise price y.

The entrepreneur may issue convertible debt as well as warrants. Then, the venture
capitalist may, for example, convert all the initial debt and exercise some of the warrants
(i.e. the initial debt is dy > 0, and d < 0). To exactly apply our model we would need
to assume that the debt conversion ratio and the exercise price of warrants are both Y.
Allowing for different conversion ratios would not, however, substantially alter the analysis.
There are interesting issues that arise, such as when it would make sense to use a contract
that combines convertible debt and warrants, when the venture capitalist would prefer to
convert debt rather than exercise the warrant conversion option, and whether we should

expect the conversion ratios to differ. These questions are left for future work.

The deadline for conversion

Until now we have been assuming that the deadline for the conversion was strictly before
time 2, and we argued that this was a realistic feature. Here we want to show that, indeed,
it is not optimal for the parties to set the deadline for conversion at time 2, i.e. after full
realization of uncertainty. The argument is simple: if the deadline for conversion were
at time 2, then the venture capitalist would wait until time 2, when he will have more
information, to decide whether to convert debt and how much to convert. This decision
would, therefore, be independent of the signal z (that is observed at time 1). But then
the logic behind Proposition 1 applies: Since the threat of debt conversion at a favorable
conversion ratio in response to a good signal is no longer present, the entrepreneur has an
incentive to manipulate the signal in order to reduce the probability of liquidation. As a
consequence, the project will not be financed. The parties have a common interest to set
the deadline for debt conversion strictly before time 2. Then, as we have seen, they can
write a convertible debt contract such that the entrepreneur will not manipulate the signal

and, hence, the project will be undertaken.
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3 Allowing for Renegotiation of Debt-Equity Contracts

In Section 2 we showed that a convertible debt contract is better than a debt-equity contract
since it reduces the incentives of the entrepreneur to manipulate the signal. We assumed
that the debt-equity contract could not be renegotiated at the interim stage after the signal
is observed by the parties. We will show now that most of the time there is, indeed, no
scope for such renegotiation. Interestingly, the cases where renegotiation may happen in
equilibrium reinforce the intuition, presented briefly at the end of the previous section,
that convertible debt contracts improve upon debt-equity contracts because they impose
renegotiation in a specific way.

Consider a debt-equity contract, (d,s), and suppose renegotiation of the contract is
allowed at time 1, after observing the signal z. If the venture capitalist observes a medium
or high signal his interim payoff is positive, and he will refinance the project with no rene-
gotiation. This follows from the linearity of the payoffs (risk neutrality). Renegotiation
will happen if after observing a medium or high signal the interim payoff of the venture
capitalist is negative. Since, by (4), the total surplus from continuation is positive, rene-
gotiation that induces the venture capitalist not to liquidate creates surplus that can be
split between the parties. In other words, there is a Pareto improving allocation that can
be implemented via a new debt-equity contract (d, 3).

There are two cases to consider: (a) The venture capitalist wants to liquidate after
observing zm but not after observing z, (the other way around is not possible), and (b) the
venture capitalist wants to liquidate after observing both z,, and 4. Consider case (a). We
want to show that, as in Proposition 1, in equilibrium a = 1, implying that a convertible
debt contract is strictly better than the debt-equity contract with renegotiation.

We turn to the proof of this result. Let us first check that a = 1 is an equilibrium. Since

we are assuming that there is renegotiation following z,,, the interim payoff of the venture
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capitalist is negative:

EVC™, = 271:%?—5 /\l—h [1- e —5)] + ;ﬁ - Z 'Alj [1-eM(1-9)]-1 < 0 (20

Renegotiation will entail a new debt-equity contract, (d~, §), such that

_ Y6 1
T 2/3—€ My

1/2 — ¢
2/3—¢

EVC™, [1 —emMd(] — 5)] + LY [1 —e~Nd(1 - 5)] —I, > 0. (21)

Since the expression in (21) is larger than that in (20), we must have

U xagy 1 oxdp ’
e (1 s)>/\‘e (1-3), (22)

1 1
for 1 = [, h. In equilibrium, the ex-ante payoff to the entrepreneur is

1 1 7 11 7 11
El€lo=1 = (5 - e))‘—[e_’\’d(l -5+ gge"*""(l -3+ g/\—he_’\"d(l —s).  (23)

By deviating to a = 0 he obtains

H 1 1 ; 1
e ML = 8) + (5 — &) —e M1 = 5) + e—e (1 — ) (24)
2 AL Ah

11
6
which, using (22), is strictly smaller. To ensure that ¢ = 0 is not an equilibrium, we follow
an analogous procedure: using (22), we get that the interim payoff of the entrepreneur, for
any rencgotiated debt-equity contract, (d, §), is larger when a = 1.

We turn to case (b), namely when there is renegotiation after observing both z,, and
zg4. If the renegotiated debt-equity contract, (d~, §), is the same after z,, and T4 then, by
analogous arguments to those made in the previous paragraph, only a = 1 is an equilibrium.
The renegotiated contract need not, however, be the same after observing z,, and after

observing r,. For example, due to exogenous circumstances the bargaining power of the

parties may differ according to the realization of the signal so the renegotiated contract

24



would be different in each case. In that event a = 0 may be an equilibrium. To show how this
can be achieved, consider a convertible debt contract (dy, so,7, d) that satisfies Proposition 2
(i.e., such that @ = 0 is an equilibrium), and assume that the renegotiation conditions are
such that after z,, the renegotiated contract is (do, so) and after z4 it is (d, s) where s = sg+
%(do —d). These renegotiated debt-equity contracts yield identical payoffs to those obtained
with the convertible debt contract. Therefore, the equilibrium behavior of the entrepreneur
must be the same, i.e. a = 0. In this particular case, allowing for renegotiation has the
effect that certain debt-equity contracts are equivalent in terms of signal manipulation and
payoffs to a convertible debt contract. Notice, however, that for renegotiation to improve
upon a debt-equity contract we are relying on exogenous circumstances, i.e. the terms of
renegotiation (such as outside options, bargaining power, etc.) must be such that the final
allocations happen to be exactly those achieved under the convertible contract debt contract
constructed in the previous section, whereas with convertible debt we can improve upon
any debt-equity contract.

The relation to Aghion, Dewatripont, and Rey (1994) should now be very apparent.
They show that if the parties can write in the contract how to conduct the reneéotiation in
future contingencies, the inefficiency arising from the non-verifiability of interim signals can
be eliminated.!® The intuition here is analogous: There is a particular type of renegotiation
that would eliminate the inefficiency (i.e. entail a = 0). We may be so lucky that such
renegotiation would take place spontaneously. But in most cases this would not happen, so
we must write in the contract how this renegotiation will take place. The debt conversion
clause can be interpreted as a particular manner of implementing contractually the optimal
type of renegotiation. In fact, the convertible debt contract gives a great deal of bargaining
power to the venture capitalist (he decides whether to convert debt), but it also sets limits

to his power since the terms of conversion, i.e. v, are set in advance so as not to be too

*Nbldeke and Schmidt (1997) have applied this idea in the framework of a mode! with relationship specific
investment.
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unfavorable to the entrepreneur.

4 Long-term effort

Until now we have focused on the entrepreneur’s choice of whether to manipulate the signal,
identifying a financing structure that prevents the entrepreneur from doing so. The litera-
ture has often focused on the “long-term effort” of entrepreneurs (and managers), namely,
on their contribution to profits in the long-run. For expositional reasons, our analysis has
abstracted from this feature, but the basic short-run versus long-run trade-off is implicit in
our model, as we will now demonstrate. One may easily imagine that the entrepreneur, in
order to undertake short-term effort (signal manipulation) would reduce long-term effort.
This shift in resources away from long-term effort constitutes an additional cost of short-

20" We now incorporate in the model such a choice for the entrepreneur, in the

termisrmn.
simplest possible way, to emphasize that it does not affect our resulit.

Suppose the entrepreneur can make two types of effort: short-term effort, a;, which has
exactly the same effect as a in Table 1, and long term effort, ay. If ay = 1 the probabilities
are exactly those in Table 1, while if a2 = 0 the ex-ante probability of yj, is reduced by )
and the ex-ante probability of y; increases by ¢. A simple way of introducing this change is
to assume that ¢ is subtracted from the probability of the event “z,, and y,” and is added
to the probability of the event “z,, and y,”, whether a; is equal to 0 or 1. Naturally, this
implies that ¢ < 1/6. Moreover, we assume that both a; and ay involve a cost ¢ that is
born by the entrepreneur, and that the entrepreneur can only exert one of the two types of
effort (or none).!

Assumption (2) is preserved, namely, stage financing is necessary. Let us for a moment

ignore signal manipulation (i.e. let us assume that a; = 0) and focus on the choice of as.

**Hellwig (1994) analyzes the choice of the optimal debt-equity mix when effort has two dimeunsions.
I Alternatively, one could assume that c is high enough so that the entrepreneur will never choose to exert
both types of effort.
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From the perspective of joint profit maximization, it is optimal that a; = 1 if the expected
benefits exceed the cost:
1 1

¢/—\;'—;\‘l‘)>c. (25)

The entrepreneur will exert long time effort if his payoff increases by more than the cost of
exerting long-term effort (recall that we are assuming that a; = 0):

(1 — s)(;\lze—’\"d - )\i[e"’\‘d) > c. (26)

A necessary condition for (26) is s < 1. If (25) is satisfied then, the venture capitalist will
want to induce the entrepreneur to exert long-term effort, and will insist on a debt-equity
contract with s < 1 that satisfies (26). The need to induce the entrepreneur to exert long-
term effort thus provides the justification for our assumption in previous sections that in
any debt-equity contract, the venture capitalist does not own 100 percent of the equity of
the project.??

Let us now introduce the possibility of signal manipulation. We preserve condition (3)—
the venture capitalist liquidates the project after observing z;, regardless of a; a;ld as. Con-
dition (4) is, instead, modified so that the venture capitalist does not necessarily liquidate
after observing z,,, even if a; =1 and ag = 0 which is the combination of effort choices for
which interim expected profits following z,, are lowest:

1/2+¢-€1 1/6-¢ 1
2/3—6 /\[ 2/3—6 /\h

- > 0. (27)

Condition (5) is preserved: without signal manipulation (a; = 0) but with long-term effort

(az = 1) the project will be financed. However, we assume that with signal manipulation

22 An alternative to equity participation could be a wage contingent on long-term performance. The same
problems of “window-dressing” would then arise.
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(a1 = 1) but without long-term effort (a; = 0) the project will not be financed:

1 1 1
(%—6+¢);\7+(5—¢)X;—11—(1—6)12 <0, (28)

Conditions (5) and (28) together imply that the absence of signal manipulation is necessary
for the project to be financed.

In this version of the model we obtain a result that is analogous to that in Proposition I:
With debt-equity financing only a; = 1 and ay = 0 is an equilibrium, provided ¢ is low
enough. We now sketch the proof. Suppose that (d, s) are such that the venture capitalist
refinances the project after observing x,,,. Then, if in equilibrium @; = 0 and a; = 1, the
ex-ante payoff of the entrepreneur would be

11 _ 11 _
El€)ay=0,a,=1 = 6 ¢ M1 —5) + e M1 —s5) —c. (29)

By (26), deviating to a; = ap = 0 is not worthwhile, but by deviating to a; = 1 and a; = 0
the entrepreneur obtains the payoff

BlEJumta-0 = (5 = e+ e =8)+ (= Ppe M- 9 - (30)

which is higher if ¢ is small enough. This is quite intuitive: if the long term effort is very
important then manipulating the signal may not be worthwhile, but if it is not, then the
entreprencur will choose to manipulate the signal reducing long-term profits.

By similar arguments, analogous to those made in previous sections, we can show that
in equilibrium a; = 1 and ap = 0 and, hence, the project will not be financed at time 1.
Convertible debt solves this problem in exactly the same manner. The conditions ensuring

that the venture capitalist converts debt following z, and does not convert debt following
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Zm remain the same. The condition ensuring that a¢; = 1 and ay = 0 becomes

é%{e'*’d"(l —s0)+ (3 — e)ﬁe"\"d"(l —8p) + exlze_’\h[do—‘Y(s—fo)](l —5) >

(3 = e+ B)he ™01 = s0) + (§ = ) e (1 - s9) + §skeMldo=r0o-a0l(1 _ )
(31)
and is more easily satisfied than (18). The intuition is that we have added a cost to
manipulating a signal (the reduction in long-term profits) which makes it easier to induce

the entrepreneur not to deviate from the desired behavior.

5 Concluding Remarks

We have argued that convertible debt can be better than a simple mixture of debt and
equity in stage financing situations. When the venture capitalist retains the option to
abandon the project if in the medium term he receives a negative signal, the entrepreneur
has an incentive to engage in “window dressing” or short-termism, i.e. to bias the signal
towards positive values, in order to reduce the probability that the project will be liquidated.
Convertible debt reduces the incentives to engage in short-termism through the threat of
debt conversion. In practice, debt may or may not be converted into shares depending on
the information received at the interim stage of the venture.

Existing explanations for the use of convertible debt are centered on asymmetries of in-
formation between mé;nagers and investors regarding the firm’s value and riskiness. These
explanations are more suitable for publicly traded convertible securities, but do not fit very
well with venture capital financing which involve a close relationship between an entrepre-
neur and the venture capitalist, and where information regarding the project’s quality is
gradually revealed to both parties.

The fundamental role of the debt conversion option is to adjust the ownership (debt-
equity) structure to this new information. This feature resembles provisions allowing the

provider of financing to take control of the project at some interim stage in response to
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nonverifiable information, a feature that is very common in incomplete contracts environ-
ments. In our model, in Néldeke and Schmidt (1997), as well as in von Thadden (1995),
the contract allows the provider of financing to alter the financial structure of the contract
(to change the output allocation rule) at some interim stage in response to nonverifiable
information. The need to commit in advance to the terms of debt conversion is in line
with Aghion, Dewatripont, and Rey (1994) who show that by specifying in the contract
the bargaining procedure to be used in future renegotiations, the efficient outcome can be

achieved.
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Appendix: Proof of Proposition 2

Let

:\1; —7(1 —s0) = 0. (32)

The construction does not rely on “razor’s edge” arguments, and goes through if this
equality is not satisfied exactly. The intuition is the one given above: we want to choose
a conversion ratio such that the venture capitalist will convert all debt after observing z,
and no debt at all after observing z,,. We will show that for any sg, the value of «y defined
in (16) satisfies such conditions (but it is not the only value of 7y that does).

From (3) it follows that after observing a bad signal, z;, the venture capitalist liquidates
the project.

An implication of (32) is that after observing a good signal, z,, the venture capitalist
converts the entire amount of convertible debt. To see this, recall that the total amount of
convertible debt prescribed by the contract is dy — d, and consider the interim payoff of the

venture capitalist, after observing x4 and converting the amount dg — d<dg- d,
1 N
EVCly = — [1 — e Mldomrti=soll( 9], (33)
Ah

where § = s + %(dg - J) The derivative of the above payoff with respect to § is
e~ Anldo—v(3=s0)] [;\l; - (1 - §)} which, by (32), is strictly positive for any § > sg, namely,
the venture capitalist converts the maximal permissible amount of debt.

To ensure that when a = 0 (no signal manipulation) the venture capitalist does not
convert any debt after observing z,,, consider the interim payoff of the venture capitalist

when e = 0, after observing z,, and converting the amount dy — d< dy — d,

EVCln = g% & [1 - eMldomG=sall( — )]

1/2 § (34)
+3 3:: )‘17 [1 - e_’\h[d()"‘/(s"so)](l - 5)] )
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The derivative of this payoff with respect to § is

4BVl _ 71@ e~ Nl 16—l [L _ (1 — 5)]

(35)
+ 1222 o= ldo=1(3- so)][ — (1 - ”)]‘

When § = sp, using (32), the derivative in (35) is strictly negative. As § increases the
derivative increases and becomes positive. Once it has become positive the derivative
remains positive as § increases further. Therefore, the venture capitalist’s payoff in (15) is
maximal either when § = s (the maximal possible amount is converted) or when § = s (no
debt is converted). The latter is optimal for the venture capitalist if (17) is satisfied, which
can be rewritten as h

1 1
Le_’\"""’(l —~80) > /\~e_>"d°(1 —50) + :\——e“)‘h[d‘)*"’(’_so)](l - 5) {36)
h { h

To ensure that, given the behavior of the venture capitalist, the entrepreneur prefers not

to manipulate the signal, we need the condition

N
m

—
>~|,_.

[é—;— f*fdou - o)+ (3 -
(2 -

This condition compares the entrepreneur’s ex-ante payoff without signal manipulation

- e~ Mndo(] — 30)] +et e_/\h[do—’Y(s"So)](l —-8) > (37
—/\zdo(l — s0) + %_Le—khdo(l - 30)] + %ﬁe*/\h[do—’Y(sﬂfo)](] —s).

Ml'—‘

(the left hand side) to his ex-ante payoff with signal manipulation, given that the venture
capitalist converts debt when he observes z, but not when he observes z,,.

The ex-ante participation condition for the venture capitalist is?3

bl e (1 —s0)] + (3 =€) 21— e b (1 - s))

(38)
ex [l — e Mldomrlo=sol(1 — )] -, 21, > o,

23The entrepreneur will always agree to participate since he is not committing any resources of his own.
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where the first three terms correspond to the three outcomes that occur with positive
probability following z,, or 4 when a = 0 (see Table 1); I5 is multiplied by the probability
that refinancing will occur when a = 0.

Fix 59 < 1. This value of 59 will not change through the remainder of the construction.
As dy increases, the left hand side of (38) approaches -é)‘% + (% - 6) ﬁ + eﬁ - I - %12
which, by (5), is strictly positive. Therefore, for any s € [sy, 1] there is d§ such that if
dy > df, (38) holds. Let dj = MaXse(s,,1) @3- From now on, we restrict attention to dy > dg.
We are, therefore, free to choose s € [sg, 1] without violating (38).

We turn to (36). Substitute for v, using (32), divide through by Xlze‘)"‘do(l - $y), and

rearrange to get

a3

1-5 e‘—“:% < [1- -/—\f—e_doo“_)"‘) 1 - sp). 39
Al )

Let (36), and therefore also (39), hold with equality (this requirement will be relaxed later).
Now consider (37). Substitute for -y, using (32), substitute for (1 — s)el{%%, using (39),
rearrange dividing through by é)}—le”’\‘d", to obtain

M o3z3g
A s

(4 —6€)(1 —s0) —e*» =20 (1 —s) <0. (40)

It is easily verified that the left hand side is a strictly convex function of s, reaching its
minimum at § satisfying 1 ~ § = %‘ll(l — sg); hence 5 € (sg,1).

Consider the inequality (39) when s = 3. Since the right hand side increases with dg,
approaching unity, v:/hile the left hand side is strictly smaller than unity, as § € (s, 1),
it follows that there is dy such that if dy > do, (39), and therefore also (36), hold. Let
dy = max(d§, dp).

Summarizing, if s = § and dy > dj, we know that (38), (39), and therefore also (36),
hold. The “degrees of freedom” exploited so far are as follows: sg € [0,1) was chosen
arbitrarily, pinning down v by (32), s was set equal to 3, dy has to be larger than some

minimal value, dj, that can be calculated. Given dy, the post-conversion debt level, d, is
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determined by 5 - 59 = %(do - d).

It remains to be verified that (40) holds. Substitute 5 for s, using 1 -3 = %\‘ll(l —80) (see
LS

above), and rearrange to obtain [{(4—6¢)— %\lll e>n 1] < 0 which, noting that lim,_, %ey‘l =

00, holds for %}f large enough (greater than 4 is a sufficient condition, given the particular

joint probability distributions in Table 1), which completes the proof of Proposition 2.
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