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Abstract

This paper provides a new explanation for the use of convertible securities in venture capital. A key
property of convertible preferred equity is that it allocates different cash flow rights, depending on
whether exit occurs by acquisition or IPO. The paper builds a model with double moral hazard,
where both the entrepreneur and the venture capitalist provide value-adding effort. The optimal
contract gives the venture capitalist more cash flow rights in acquisitions than IPOs. This explains the
use of convertible preferred equity, including automatic conversion at IPO. Contingent control rights
are also important for achieving efficient exit decisions.
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1. Introduction

This paper provides a joint explanation for two central questions in venture capital
contracting. First, how are so-called “exit” decisions made, where the venture either is
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acquired or remains independent to go public? Second, what explains the salient features of
venture capital contracts, such as the use of convertible preferred equity and contingent
control rights?

When we think about successful venture capital investments, we typically think of
companies that went public, such as Apple, Intel and Yahoo. Yet acquired companies can
be successful too, the most spectacular being a little-known company called Cerent, which
was acquired by Cisco for $6.9 billion. According to the National Venture Capital
Association, there were more exits by acquisition than by IPO in seven out of the last 9
years (1996-2004). Most theories of venture capital financing only consider IPOs. In this
paper we examine the decision between an acquisition and an IPO, and how optimal
contracts can guide this decision.

In terms of the securities used in venture capital, Sahlman (1990), Gompers (1997), and
Kaplan and Stréomberg (2001, 2003, 2004) provide detailed evidence on the extensive use of
convertible securities. While this has piqued the interest of a number of recent theory
papers (see discussion below), the literature seems to have missed some important details
of how convertible securities are actually used in venture capital. I argue that the key
property of convertible preferred equity is not that it looks like debt before conversion
(it needn’t!), but that it allocates different cash flow rights depending on whether exit
occurs through an acquisition or an IPO.

Let us briefly discuss three features of convertible securities that are easily missed. First,
convertible preferred equity automatically converts in case of an IPO. The subtlety of
automatic conversion is that it allocates different cash flow rights to different exit
decisions: in case of an acquisition, investors own a preferred instrument, but in case of an
IPO they simply own common stock. Second, the literature only examines one particular
type of convertible preferred equity, where the investor can choose between a debt-like
claim (without conversion the investor has a right to a preferred dividend and possibly
multiple liquidation preferences) or an equity claim (with conversion the investor has
rights for ordinary dividends). Fig. 1 shows the return pattern for this security, which we
call simple convertible preferred equity. There are several other types of convertible
security, the most common being participating convertible preferred equity. Kaplan and
Stromberg (2003) find that 40.5% of their sample uses participating convertible preferred
equity, and Fenwick and West (2003, 2004) report that, on average, 70% of Silicon Valley
deals use it. Prior to conversion, the investor holds both a debt-like and an equity claim.
After conversion the investor continues to hold the equity claim, but loses the entire debt-
like claim (Fig. 2). The curious aspect of this security is that an investor would never want
to convert, since the rights to a preferred dividend simply vanish. This shows that the
important feature of convertible preferred equity is not that it looks like debt on the
downside (which is what the existing literature has focused on), but that there is automatic
conversion in case of an IPO and not in an acquisition. Third, Kaplan and Strémberg find
extensive use of contingent control rights in venture capital contracts. People often
think that the conversion of a convertible security by itself changes control rights. But
convertible preferred equity votes on an ‘“‘as-if-converted” basis, so that the conversion
itself makes no difference to voting rights. Yet Kaplan and Strémberg emphasize that
venture capital contracts make extensive use of truly contingent control rights. We
therefore need a theory that separately accounts for these contingent control rights.

The starting point of this paper is that the exit decision determines who continues to
manage the venture. If the venture remains independent, the entrepreneur and the venture
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Min[v,d] - v=v
convertingtoey — ————————

v = value of the firm

d = face value of debt (redemption value)

e = percentage equity after conversion

Fig. 1. Simple convertible preferred equity.

Min[v,d+e(v-d)]
convertingtoey =0 0o—————————
v = value of the firm

d = face value of debt (redemption value)

e = percentage equity after conversion Min[v,d+e(v-d)]

Fig. 2. Participating convertible preferred equity.

capitalist remain in charge. If it is acquired, managers of the acquiring company take over.
Much of the recent venture capital literature emphasizes the fact that venture capitalists
provide value-adding support (Sahlman, 1990; Hellmann and Puri, 2000, 2002). I model
the value-adding process as a double moral hazard, where both the entrepreneur and the
venture capitalist provide effort (Inderst and Miiller, 2004). If the venture remains
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independent, the optimal security is pure equity. This explains the use of automatic
conversion clauses.

If the venture is acquired, a similar value-adding process exists, but it is now in the
acquiring company’s hand. The entrepreneur and the venture capitalist only care about
their respective stakes in the acquisition value. This implies an important asymmetry. If the
venture remains independent, the allocation of cash flow rights has an ongoing incentive
effect. But if the venture is acquired, the division of the acquisition value merely
redistributes utility between the entrepreneur and the venture capitalist. If the venture has
a low funding requirement, pure equity works fine. But for a higher funding requirement,
the venture capitalist requires additional cash flow rights to break even. This is where
convertible preferred equity becomes optimal. If the venture goes public, the automatic
conversion to equity ensures efficient incentives. And the preferred terms prior to
conversion allow the venture capitalist to extract additional cash flows in case of
acquisition. Note that for a given value realization, the optimal contract could require that
the venture capitalist receive a higher return if the value is realized through an acquisition
rather than an IPO. This cannot be done with a simple combination of debt and equity.
But convertible preferred equity, with its automatic conversion in case of IPO, naturally
implements this optimal contract.

Once we establish the optimality of convertible preferred equity, we are faced with the
challenge of implementing efficient exit decisions. The model allows for a general two-
dimensional distribution of acquisition prices and expected IPO values. The problem is
that convertible preferred equity biases exit preferences. For lower IPO values, the
entrepreneur wants to remain independent, even when an acquisition is more efficient. And
for higher IPO values, the venture capitalist might still want to do the acquisition, even if
an IPO would be more efficient. I solve the ensuing renegotiation game. Giving the
entrepreneur control works well for lower funding levels. But for a larger funding
requirement, the venture capitalist has to make too many concessions at the renegotiation
stage. Giving full control to the venture capitalist is not optimal either, because the
entrepreneur has a binding wealth constraint, which hampers renegotiation and can lead to
inefficient exit decisions. For a larger funding requirement, the optimal contract therefore
requires a contingent control structure. Control shifts from the venture capitalist to the
entrepreneur whenever the venture has sufficiently good prospects for going public. This
can be implemented using milestones like those described by Kaplan and Stromberg.

Venture capital contracts contain a high level of complexity. My theoretical model hopes
to provide a framework for understanding their overall logic. One limitation is that my
model can only provide a single rationale for each contractual clause, when in reality there
may be multiple rationales. Moreover, it cannot explain all the clauses that are empirically
observed. I provide a series of model extensions to explore at least some of these other
contractual clauses. Among other things, I explore when simple versus participating
convertible preferred equity is optimal;, why an optimal contract can have further
nonlinearities; and how to structure optimal milestones.

The paper contributes to the literature on convertible securities. Seminal papers on this
topic include Green (1984) and Stein (1992). More recently, some theory papers focus
specifically on the use of convertible securities in venture capital contracts. Schmidt (2003)
examines a sequential investment problem where the entrepreneur completes her private
investment before the investor makes his. The convertible security provides an optimal
incentive mechanism that ensures that the investor converts if and only if the entrepreneur
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invested efficiently. Cornelli and Yosha (2003) examine the incentives of the entrepreneur
for short-term window dressing. They show how a convertible security might alleviate this
problem. Berglof (1994) examines an incomplete contract model where a monopolistic
acquirer could take advantage of the investor by bargaining only with the entrepreneur.
Under some assumptions about the distribution of private benefits, convertible debt
protects the investor from asset stripping, and protects the entrepreneur from a loss of
private benefits. Other related models include Bascha and Walz (2001), Bergemann and
Hege (1998), Casamatta (2003), Cestone (2001), Cestone and White (2003), Dessi (2005),
Hellmann (2003), Marx (1998), and Repullo and Suarez (2004). In many of these models,
however, the convertible security is indistinguishable from a simple combination of debt
and equity. Berglof (1994) and Bascha and Walz (2001) are the only ones to recognize the
trade-off between acquisitions and IPOs. Hellmann (2003) and Schmidt (2003) are the only
ones to include a discussion of automatic conversion. This paper explicitly shows why a
convertible security is needed, why a simple combination of debt and equity is not enough,
and why the convertible security should convert in case of an IPO.

The analysis of control rights builds on the work of Aghion and Bolton (1992) and Hart
and Moore (1998). They use a model of incomplete contracts with private benefits to
explain the optimal allocation of contingent control rights. The current model does not
rely on private benefits to derive a conflict of interest between the entreprencur and
investor, but derives a conflict endogenously. In a related vein, Hellmann (1998) examines
the importance of giving the venture capitalist control rights for the replacement of
founders. Dessein (2005) examines the preference congruence between an entrepreneur and
a venture capitalist, and how it affects the willingness of an entreprencur to relinquish
control. Kirilenko (2001) models control rights as private benefits. Aghion et al. (2004)
examine how liquidity shocks affect a venture capitalist’s desire to exit an investment. The
analysis also builds on Black and Gilson’s (1997) verbal argument that venture capital
contracts include a pre-commitment to return control rights to the entrepreneur at the time
of an IPO. Finally, Gilson and Schizer (2003) show that from a tax perspective, convertible
preferred equity has several advantages. But they are careful to point out that taxes alone
cannot explain the use of convertible preferred equity, because there are many other
securities that can also achieve similar tax advantages.

The remainder of the paper is structured as follows. Since the full model involves some
complexity, Section 2 first examines a simplified model that explains the key insights.
Section 3 develops the full model. Section 4 shows how the model can be used to explain
additional features of venture capital contracts. It is followed by a brief conclusion. All
proofs are in the Appendix.

2. The simplified model
2.1. Base assumptions

Suppose there is an entrepreneur, denoted by E, who wants to start a new venture
requiring an investment k. E’s wealth is limited by w, so that the funding requirement is
x =k — w. E seeks funding from a set of perfectly competitive venture capitalists, denoted
by V. All parties are risk-neutral and there is no discounting.

There are three dates, denoted by 0, 1, and 2. Fig. 3 shows the time line. At date 0, the
entrepreneur and the venture capitalist write an optimal contract, discussed below. At date



654 T. Hellmann | Journal of Financial Economics 81 (2006) 649-679

Date 0: Contracting Stage
Allocate cash flow rights:
F(p) and (1) O
Allocate control rights
The entrepreneur and the
venture capitalist provide “early”
value-adding effort s™ and 57,
(Section 4.1 only)

Date 1: Exit Decision Stage O
Values (p,n) revealed
Renegotiation possible
Either / or A chosen

I chosen A chosen
Price p paid
The entrepreneur and the
venture capitalist provide “late”
value-adding effort sz and sy,

Date 2: Harvesting Stage
Successful project generates
IPO value 1

Fig. 3. Timing of the game.

1, the company is either a failure, and we assume for simplicity that there is a zero
liquidation value, or, with probability w(< 1), the company remains viable. In this case, a
decision has to be made. The venture can be sold to an acquirer; we denote this decision by
A, and the competitive acquisition price by p. Or the venture can remain independent,
hoping to go public at date 2; we denote this decision by /. Remaining independent is risky.
In case of failure there are no returns. The probability of success is given by os (in the full
model I explain this in greater detail). In case of success, the IPO value for existing
shareholders (also called the pre-money valuation) is denoted by i. Let us denote the
expected utilities of choosing 7 at date 1 by ug and uy. Let u = ug + up. In the simplified
model, we have u = osi. Assume that p and u are verifiable and revealed at date 1. In this
section I use a highly simplified specification, where p always takes the same value, and u
only takes two values with u; <p <uy. The lower value u stands for a smaller IPO value
and/or for a lower probability of success. The terms lower and higher should be thought of
in relative, not absolute, terms, so that a lower IPO value can still represent an attractive
return. The main difference is that in the higher state, I is the efficient choice, whereas in
the lower state, A is the efficient choice. Let wy (wr) be the ex ante probability of the
higher (lower) state, so that wy + o = o(<1).

2.2. Contracts

At date 0, the entrepreneur and the venture capitalist design an optimal contract that
satisfies the venture capitalist’s zero profit condition. The contract allocates cash flow and
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control rights. In this model, control rights pertain to the exit decision. I distinguish
between entrepreneur control, venture capital control, and contingent control, where the
allocation of control rights depends on the realization (p,u). Prior to the exit decision,
there can be renegotiation. For simplicity assume that the venture capitalist has all the
bargaining power in case of renegotiation (The Appendix shows that this assumption
hardly matters at all).

Cash flow claims can be defined separately for 4 and I. Denote the venture capitalist’s
claims by F(p) in case of A, and &(i) in case of I. I identify some common securities that
play an important role in the analysis. Debt corresponds to F(p) = Min[p,d] and
@(i) = Min[i, d], where d is the face value of debt. Equity corresponds to F(p) = ep and
&(i) = ei, where e is the venture capitalist’s percentage equity stake. Simple convertible
preferred equity, with automatic conversion in case of IPO, corresponds to F(p) = p for
p<d and F(p) = Max[d, ep] for p>d, and ®(i) = ei.' Section 4.1 discusses other types of
convertible preferred equity.

2.3. Incentives

If the venture is sold, the entrepreneur and venture capitalist retreat from the venture.
But if they choose to remain independent, they continue to play an important productive
role. The venture capital literature has emphasized the importance of incentives and
conceptualized this as a double moral hazard problem (see Hellmann, 1998, 2002; Inderst
and Miiller, 2004; Repullo and Suarez, 2004). If both the entrepreneur and venture
capitalist contribute value, they both should have equity-like claims that allow them to
participate in the upside. I focus on the double moral hazard after date 1 (Section 4.1
discusses additional moral hazard problems before date 1), so that the probability of
success depends on the private effort of the entrepreneur and venture capitalist. The full
model provides a complete specification of the double moral hazard problem. This section
uses the following drastic simplification: Let ¢* denote the optimal equity stake of the
venture capitalist. Let us assume that any other division of equity generates a much lower
probability of success. Moreover, for now let us ignore private effort costs.

2.4. Optimal cash flow rights

Consider pure equity with e = ¢*. If 4 is chosen in the lower state and 7 in the higher
state, the ex ante utilities of the venture capitalist and entrepreneur are given by

Ur=owg(l —e®ug +or(l —e*)p— W and Uy = oge'ug + oLe*p — X, (D

where W and X denote the entrepreneur’s and venture capitalist’s actual investment. For
X >x the entreprencur reduces the financial investment to W =w — (X — x). Perfect
competition requires Uy = 0. We immediately obtain X = wye*uy + ope*p = xj.
Having the venture capitalist invest X = x; in return for an equity stake ¢* works well as
long as the entrepreneur has a moderate funding need, i.e., as long as x<x;. For x> xy,

't is worth noting that for a typical convertible security, the debt (or redemption) value d is affected by two
separate cash flow claims. First, preferred shares are entitled to a preferred dividend. Let r be the dividend rate
and 0 be the cumulative percentage dividend claim. Typically dividends accrue but do not compound, so that
& = rt (with compounding, it would be 6 = (1 +r)" — 1). Second, venture capital contracts can specify multiple
liquidation preferences, which I denote by A. The total debt value is thus given by d = 21X + 6X.
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however, the venture needs more external funding. The venture capitalist is unable to break
even with the above equity contract. It would be inefficient to increase the venture capitalist’s
equity stake above ¢*, since this would undermine the entrepreneur’s incentives. This is
where convertible preferred equity comes in. It increases the venture capitalist’s stake only in
case of an acquisition. The expected returns with convertible preferred equity are given by

Ur=ou(l —eug +oL(p —d)—w and Uy = oy uy + ord — x. @)

Competition determines the optimal level of d, ie., Uy =0<d = (x — oge*uy)/oL.
Convertible preferred equity provides a simple solution to the fundamental problem of
providing the venture capitalist a sufficient ex ante return, while preserving the balance of
incentives in case the firm attempts to go public. Convertible preferred equity is optimal
whenever the entrepreneur has a larger funding requirement (x> x1).

2.5. Optimal control rights

Using convertible preferred equity solves one problem, but it can create other problems.
The assumption so far is that / is chosen in the higher state and 4 in the lower state. Let us
now examine how to ensure this, beginning with the case where the entrepreneur has control.
In the lower state, the entrepreneur is tempted to choose [ instead of 4 whenever
(1 — €®)uL >p — d. This is inefficient, so the venture capitalist would want to renegotiate. He
can propose to lower his stake to d® =p — (1 — ¢*)ur, which is just enough for the
entrepreneur to agree to an acquisition. The venture capitalist benefits from this
renegotiation since d® >e*up (which follows from p>uy). However, once we take this
renegotiation into account, we realize that setting d above d® is pointless. This puts a limit
on how much cash flow the venture capitalist can extract, and thus how much external
financing is feasible. Formally, giving the entrepreneur control works well for Uy =
oneuy + oLd® — x>0 x<x = opefuy + oL(p — (1 — e*)u). Note that x; <x», so
that using convertible preferred equity and giving the entrepreneur control extends the range
of ventures that can be financed.

Now consider giving control to the venture capitalist. This solves the problem in the
lower state: since d > ¢*p > ¢*uy, the venture capitalist always prefers 4 over I. But venture
capital control can create a problem in the higher state, because the venture capitalist
prefers 4 over I whenever d > ¢*uy.> Under venture capital control, however, renegotiation
is more difficult. Since the entrepreneur has no wealth, the only thing the venture capitalist
can ask for is a higher equity stake, raising e above ¢*. But this upsets the balance of
incentives. In the full model, I show that two things can happen: either renegotiation is
possible but leads to unbalanced incentives; or renegotiation is impossible altogether (see
also Aghion and Bolton, 1992). This section focuses on the latter case. For d > e¢*uy, there
are some inefficient exits, where A4 is chosen even though 7 is efficient. The expected utilities
are simply given by Uy = wd —x and Ug = w(p — d) — w. The feasible range under
venture capital control is given by x<wp = x4, which is always larger than the feasible
range under entrepreneur control, i.e., Xy <X4.

21 focus here on the case where p>e*uy. For p<e*uy there is no problem with venture capital control. Note
that in the full model, there always exists a range of p’s that correspond to p>e*uy.

*The paper assumes throughout that the entrepreneur’s participation constraint is always satisfied. This can be
justified by arguing that she receives a private benefit from starting her own venture. Alternatively, we can relax
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We have not yet exploited all contracting possibilities. In particular, control rights can
also be made contingent on new information at date 1. It is easy to see how this additional
contractual flexibility is valuable. We just saw that giving the entrepreneur control causes
problems in the lower state, and giving the venture capitalist control causes problems in the
higher state. Contingent control solves this problem by giving control to the entrepreneur
in the higher state and to the venture capitalist in the lower state. The entrepreneur always
wants to choose I in the higher state, and the venture capitalist always wants to choose
A in the lower state. With contingent control, the feasible range is found as follows:
Uy = oye*uy + oLp — x>0 x<x;3 = ope*uy + o p. Note that x;<x3 so that con-
tingent contracts extend the feasible range relative to entrepreneur control. And comparing
contingent control to venture capital control, we note that x3 < x4: while contingent control
cannot extend the feasible range, it can extend the range where efficient contracting is
possible.

3. The full model

The simplified model is useful for laying out the logical flow of the argument and
presenting many of the key insights. The results of the full model match those of the
simplified model, and provide some additional insight. Let us briefly review why we even
need the full model. First, we “cheated” with the simplified specification of the double
moral hazard problem. Second, we severely restricted the parameter space of p and u.
Third, while the simplified model shows that convertible preferred equity is an optimal
security, it cannot explain why a combination of debt and equity might be insufficient.

We have already stated that the probability of an IPO is given by gs. Let us now note
that ¢ is an exogenous scalar on the probability of success, and s is endogenously
determined by the efforts of the entrepreneur and venture capitalist. It is useful to define
n = oi, where n provides an index for how attractive it is to choose 1. At date 1 all parties
observe p and n.* The realizations of p and = are likely to be correlated, since a better
company is likely to attract higher values for both. The model can allow for any bivariate
distribution of p and n. Denote this distribution by Q(p, 7) and its density by w(p, ). For
expositional simplicity let us assume that Q(p,n) has a support [0,p] x [0,7], where
0<p<oo and 0<7T<oo.” Cash flow claims are again defined separately for 4 and I.
Denote the venture capitalist’s claims by F(p) in case of 4, and @(i) in case of 1. Cash flow
and control rights can be made contingent in the realization of (p, 7). The model thus
allows for complete contracting on all observable information.®

(footnote continued)
this assumption and incorporate a binding participation constraint. It is easy to verify that the feasible range is
given by x<wp — w.

“The model continues to hold if instead of observing i, everybody only observes a signal 1 of i; in this case, 7 is
given by © = gE(i|1), where E(i[1) is the expected value of i, given the signal 1.

SVenture capital contracts do not make a legal distinction between liquidations and acquisitions. We can
therefore subsume liquidations under acquisitions. The distribution Q(p, ) is likely to have a mass point at (or
close to) p = m = 0, representing the case where the venture is a total failure at date 1.

SWe specify the optimal contract in terms of cash flow rights and control rights over the exit decision. Since
contracts are complete, it is possible to reinterpret control rights in terms of contractually pre-specified decisions
over A versus I. In practice, it would be very difficult to pre-specify exit decisions, so that venture capital contracts
always allocate control rights over exit decisions. The reason for this is presumably that there are additional
actions, not formally modeled here, that are necessary for implementing exit decisions (e.g., finding and
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3.1. Incentives

Our specification of the double moral hazard problem is similar to Inderst and Miiller
(2004). If I'is chosen at date 1, the entrepreneur and the venture capitalist continue to own
and manage the venture.” The probability of success is given by os with s = Ogsg + Opsy,
where sz and sy are the respective private efforts. For simplicity, let us use quadratic effort
costs of 52/2 and s3,/2. The coefficients 0 and 0, measure respective productivities. The
Appendix verifies that the results are also robust in a Cobb Douglass model, where there
are complementarities between private effort. This is also consistent with Inderst and
Miiller (2004), who explain that a variety of double moral hazard specifications yield
similar results.

It is natural to express the venture capitalist’s cash flow rights as an equity stake. That is,
@(i) = ei, where e represents the venture capitalist’s percentage equity stake. Below I show
that the optimal e is a constant.

Let ug and up denote the respective expected utilities in case of I, given by

2 2
up = (Opsg + 0psy)(1 — &) — %E and  uy = (Opsg + Opsy)ern — %V 3)

The entrepreneur chooses sg to maximize ug. From the first-order condition we
obtain sg = O0g(1 —e)n. The venture capitalist chooses s to maximize uy, and we
obtain sy = Oypen. Increasing e increases the venture capitalist’s effort, but reduces the
entrepreneur’s effort.

A standard result in double moral hazard models is that it is impossible to achieve a
“first-best efficient” outcome (this would be sy = 0yn and sp = 0gm). However, it is
possible to identify a “constrained efficient” outcome that maximizes the entrepreneur’s
and venture capitalist’s joint utility, given their respective incentive constraints. For the
remainder of the paper the term “efficient” refers to this constrained efficient outcome.
Formally, the efficient share ¢* maximizes u(e) = uy(e) + ug(e), subject to sy = 0yen and
SE = 95(1 — €)7‘E.

Proposition 1. The optimal security in case of I is always pure equity. The efficient allocation
level of equity is given by e* = 03,/(05 + 0%). For e<e* the venture capitalist has too few
incentives and for e>¢* the entrepreneur has too few incentives.

Fig. 4 shows the utility frontier and identifies the efficient outcome. For e<e®*, the
venture capitalist’s stake is too small. But he can always solve this problem by acquiring an
additional stake: hence the linear portion of the utility frontier. For e>e*, the
entrepreneur’s stake is too small. Since the entrepreneur is wealth-constrained, she cannot
change this inefficiency: hence the curved portion of the utility frontier.

(footnote continued)
bargaining with an acquirer). If these actions are difficult to specify contractually, it makes more sense to allocate
control rights.

"The model considers the value creation process in an independent company, but treats the acquisition as a
black box. The working paper version shows that relaxing this assumption does not change the fundamental
insights of the model. After the acquisition, the firm could well have its own value creation process and face its
own internal incentive problems. The parameters of this internal process determine the value of acquiring the
venture. From the perspective of the entrepreneur and venture capitalist, all that matters is the resulting
acquisition price.
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uy (e)

uy (e)

uy (e*)
V continues to hold e*,

& but invests more than

the minimum, i.e., X > x

ug (e*)

¢"efficient equity stake for venture capitalist

ug (e)

e maximal equity stake for venture capitalist

Fig. 4. Utility frontier of the entrepreneur and the venture capitalist under /.

The Appendix shows that the maximal level of equity is given by e = 02E / (29125 — 02[,). We
have e<1<0g>0y. For e<e<1, the venture capitalist would voluntarily give up some
equity, since the benefit of providing better incentives to the entrepreneur exceeds the cost
of giving up equity.

Proposition 1 shows that pure equity is optimal. Empirically, this is very close to
what venture capital contracts look like, where automatic conversion of convertible
preferred equity ensures that the venture capitalist holds ordinary stock in case of an IPO.
Section 4.2 examines this in further detail.

For the theoretical proof, note that after date 1, we only have a two-point distribution: /
in case of success and nothing in case of failure. For a given i, it might seem like there are
other securities that could also give the venture capitalist his required stake. However, the
key is to note that the optimal stake ¢* does not depend on ¢ or i (and thus x). This means
that from an ex ante point of view, the venture capitalist’s optimal cash flow rights are
given @(i) = €*i for all possible realizations of ¢ and i. Hence, the optimal contract is linear
in i, and equity is the uniquely optimal security. The key intuition is that equity maintains
the optimal balance of incentives for all realizations of ¢ and 7.

The paper focuses throughout on the model where 0z > 0). This is the more plausible
model: almost by the definition of the job title, the entreprencur is likely to have a bigger
impact on company outcomes than the venture capitalist. Sections 3.2 and 3.3 simplify the
exposition by focusing on the symmetric case of 0 = 0y, where ¢* = % The Appendix
extends all proofs to the general asymmetric model, and shows that the results are
the same.

3.2. Renegotiation

Let us now turn to the question of how the exit decision is made. Let the entrepreneur’s
and the venture capitalist’s relative preference for I over A be given by Ar = ug(e,n) —
(»p — F(p)) and Ay = uy(e,n) — F(p). The exit decision is efficient if, for a given e, it
maximizes the joint utility of the entrepreneur and venture capitalist. This is equivalent to
choosing I for Ag 4+ A, >0 and choosing A4 for Ag 4+ 4y <0.
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The exit decision itself depends on whether the entrepreneur or the venture capitalist has
control. To solve the renegotiation game we derive four critical values of n. Suppose the
entrepreneur has control. Prior to renegotiation, she prefers / for A >0 and A4 for 4 <0.
We define 7g so that Ag(mg) = 0. Prior to renegotiation, the entrepreneur prefers I for
n>7g, and 4 for n<7g. If the venture capitalist has control, prior to renegotiation, he
prefers I over A whenever 4, >0. The second critical value is given by 4y (7y) = 0. The
venture capitalist prefers I for n>7 and A for n<7y.

These two critical values determine whether the controlling party wants to renegotiate.
We need two additional critical values to determine whether renegotiation is feasible.
Remember that the entrepreneur faces a binding wealth constraint. Without the wealth
constraint, renegotiation would be simple, since the two parties could use wealth transfers
to reach an efficient agreement. But with a wealth constraint, the only currency available to
the entrepreneur is to give up more of her cash flow rights. This has no incentive effects if
the decision is 4. But if the decision is /, giving up cash flow rights reduces her incentives,
which in turn reduces the value of choosing 1.

The critical value 74 satisfies u(e, 74) = p. Renegotiation to A4 is possible (and efficient)
whenever n<7,4, but impossible (and inefficient) for n>74. The Appendix shows that
there also exists a critical value 77, so that renegotiation to I is possible whenever > 7y,
but impossible for 7 <7;. Note that 7; and 74 are different precisely because renegotiation
to I involves additional incentive issues, whereas renegotiation to 4 does not.

From Section 3.1 we know that the venture capitalist never holds less than his optimal
share of equity. We can therefore focus on contracts with e>¢* = % Anticipating the
analysis of optimal contracts, we can also limit our attention to those contracts that give
the venture capitalist the same or stronger cash flow rights in an acquisition than in an
IPO, that is, contracts with F(p)=ep for all p.

EropoiitionAZ (anegotiation outcomes). (1) If, for a given p, F(p) = ep and e = %, then
My =T =Ty = TE.

(ii) If, for a given p, F(p)>ep and e>%, then Ty >T;>T4>TE.

(iii) If the entrepreneur has control, I is chosen for n>74 and A is chosen for n<my. The
exit decision is always efficient.

(iv) If the venture capitalist has control, I is chosen for n>T7;, and A is chosen for n<T7;.
For T4 <m <7y, renegotiation is impossible, so that A is chosen, even though I is efficient. And
for Ty <m<Ty, renegotiation from A to I is possible, but decreases the entrepreneur’s stake,
which worsens incentives.

Fig. 5 accompanies Proposition 2. F(p) = ep and e = % is a benchmark case, where the
entrepreneur and venture capitalist have symmetric ownership stakes. Their interests are
perfectly aligned, and there is never any disagreement about the exit decision. But if the
venture capitalist receives stronger cash flow rights from A4, he develops a bias towards
acquisitions. Let us now focus on this problem.

The case where the entrepreneur has control is relatively straightforward. For n>7 4, the
entrepreneur prefers I which is efficient. For n <7, the entrepreneur prefers 4 which is
also efficient. For 7z <m <74, the entrepreneur initially prefers I which is inefficient. It is
easy to renegotiate to A. The venture capitalist makes 4 more attractive to the
entrepreneur by lowering his stake. This ensures an efficient exit decision.

In the case of venture capital control, renegotiation might not always generate an
efficient outcome. Indeed, for 7; <m <7y the venture capitalist prefers 4 over I, which is
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Entrepreneur Venture capitalist Outcome
has control has control
T —
I —>1 1 —>1 Efficient
Ty T
I —>1 A—>] Inefficient
Incentives
K (under V control)
P
I I A A Inefficient
Exit
(under V control)
7
I N A A Efficient
iy —T—
A—> A A—> A Efficient

|2

For example, “/—> A”means that / is preferred before renegotiation,
but A is chosen after renegotiation.

Fig. 5. Renegotiation outcomes.

inefficient. Renegotiation is possible, but it requires that the entrepreneur make / more
attractive by reducing her stake, thus worsening her incentives. For T4 <m <7, the venture
capitalist also prefers 4 over I. In this case, renegotiation is impossible, because the
entrepreneur would have to give up so large a stake that her incentives deteriorate to the
point that choosing [ is no longer efficient.

Proposition 2 shows how raising the venture capitalist’s cash flow rights for 4 biases his exit
preferences. This could lead to renegotiation, and in some cases to inefficient exit decisions.
Whether this occurs in equilibrium depends on the ex ante contract, discussed next.

3.3. Optimal contracts

An important determinant of the optimal contract is the funding requirement x. Define
the following critical values:

7 rrale) 7 7
1= / / epdQ(p.m) + / /A uy(e) dQ(p, ),
0o Jo 0 n4(e)

X = /0 ’ /0 o — up(endpm + /0 ’ /;(e)w(e)dg(p,n),
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7 7o) P 7
x5 = / / pdQp,m) + / /A uy(e) dQ(p, ),
o Jo 0 n4(e)

D ;V'(e) P [T
x4 = / / pdQ(p,m) + / /A uy(e)dQ(p, n),
0 Jo 0 Jmy(e)

where x1, x», and x3; are evaluated at e = %, and x4 is evaluated at e = 1. The Appendix

derives these expressions. While they might look bewildering, it is enough to know that
they correspond to the critical values of the simplified model.

There is one minor difference between the simplified and the full model. In the simplified
model, x, represents the highest x where entrepreneur control is both efficient and feasible.
In the full model, x, only represents the highest x where entrepreneur control is efficient.
Since equity stakes are not fixed to e = ¢* in the full model, the feasible region expands.
The highest x where entrepreneur control is feasible turns out to be also x4; Similarly for x3
and contingent control.

The underlying logic of a security design problem is to first derive an optimal contract,
and then show how it can be implemented using standard securities. Accordingly,
Proposition 3 is divided into two parts.

Proposition 3 (Part 1: optimality). Low funding requirement (x <x):

(i) Any optimal contract must have ®(i) = e*i.
(i1) A must be chosen for n<7, and I for n>7 4.

Intermediate funding requirement (x| <Xx<Xx3):

(i) Any optimal contract must have ®(i) = e*i, and F(p) > e*p for some p.
(i1) A must be chosen for n<7, and I for n>7 4.

High funding requirement (x; <x<Xxy):

(i) Any optimal contract must have ®(i) = ei, where e>e* and F(p) = p.
(il) There exists Tc>T4, so that A is chosen for n<7c and I for n>Tc.

Note that for x < x3 the outcome is always efficient. For x3 <x < x4 the outcome involves
inefficient incentives (since ¢ > ¢*) and inefficient exit decisions (for T4 <n <7, 4 is chosen
instead of I).

To implement the optimal contract we consider simple and intuitive securities that
closely correspond to those used in practice.

Proposition 3 (Part 2: implementation). Low funding requirement (x <Xx):

(1) Pure equity is optimal.
(i1) The allocation of control rights does not matter.
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Intermediate funding requirement (x; <x<Xx3):

(i) Simple convertible preferred equity is optimal with e=¢e* and d satisfying
UV(d, 6*) =0.

(1) For x| <x<x,, giving the entrepreneur control is optimal.

(iii) For x; <x<Xx3, contingent control is optimal, so that the venture capitalist has control
for n<7, and the entrepreneur has control for n>7 4.

High funding requirement (x; <x<Xxy):

(i) Simple convertible preferred equity is optimal with d =p and e>é* satisfying
Uy(d,e) = 0.

(ii) Contingent control is optimal, so that the venture capitalist has control for n<Tc and
the entrepreneur has control for n>Tc.

Proposition 3 contains a large number of results. Consider first the case of an
intermediate funding requirement. Simple convertible preferred equity implements the
optimal contract. Section 3.1 shows that, because of the two-sided incentive problem,
equity is optimal in case of I. The question remains what cash flow rights the venture
capitalist should get in case of 4. It is better to give the venture capitalist additional cash
flow rights from A4 rather than from /. In case of A, cash flow rights merely redistribute
utility. In case of I, however, cash flow rights also affect incentives. Proposition 3 thus
provides a new and simple rationale for the use of convertible preferred equity in venture
capital contracts. Convertible preferred equity preserves balanced incentives if the venture
remains independent, but allows the venture capitalist to extract additional rents if it is
acquired. The automatic conversion in case of an IPO ensures that the additional cash flow
rights are limited to acquisitions.

From Proposition 2 we also know that the use of convertible preferred equity induces
biases in the exit decision. If the entrepreneur has control, these biases can be corrected
through renegotiation. As in the simplified model, there exists a range x € [x], x»] over
which it remains feasible to implement efficient outcomes by giving the entrepreneur
control. But for the range x € [x,x3], implementing an efficient outcome requires
contingent control.

The case of a high funding requirement is similar, except that it is harder to satisfy the
venture capitalist’s participation constraint. It requires increasing both the venture
capitalist’s cash flow rights and his control rights. In terms of cash flow rights, the optimal
contract sets e>¢*, which creates inefficient incentives. In terms of control rights, the
optimal contract increases the range over which the venture capitalist has control (i.c.,
Tc>7y). This creates some inefficient exit decisions. The optimal contract trades off
incentive and exit inefficiencies.

The case of a low funding requirement is very simple. Pure equity is optimal. Proposition
2 shows that the exit preferences are perfectly aligned, so that control rights do not matter.
Since the venture capitalist wants to hold the efficient amount of equity (e = ¢* = %), he
needs to invests more than the minimum, namely X = x; > x.

Note that the optimal security need not be unique. Part 1 of Proposition 3 specifies the
conditions than any optimal security has to satisfy. Part 2 explains how simple convertible
preferred equity satisfies these conditions (for x> x;). This does not exclude the possibility
that other securities also satisfy those conditions. Below I explain why simple securities,
such as pure debt and equity, do not satisfy the conditions of Part 1. However, it is possible
to implement the optimal outcome using securities that are more complicated. These
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securities differ in terms of how they structure the preferred claim in case of A. Part 2 uses
simple convertible preferred equity to implement an optimal outcome. It is easy to see that
other types of convertible preferred equity, such as participating convertible preferred
equity, can also be used: all that matters is that the venture capitalist obtain additional
cash flow rights in case of A. Since these securities are functionally equivalent, our
exposition focuses only on simple convertible preferred equity. Section 4.1 provides a
model extension where simple and participating convertible preferred equity are no longer
perfect substitutes.

Given the richness of the model, the optimal security turns out to be remarkably simple.
The optimal contract closely resembles actual venture capital contracts. In particular, the
model provides a new and robust explanation for the use of convertible preferred equity.
Let us briefly review why simpler securities cannot achieve the same outcome:

Why can’t we just use pure equity? For x> x1, the problem is that we would need to raise
the venture capitalist’s equity stake, which reduces the entrepreneur’s incentives.
Convertible preferred equity is preferable because it allocates additional cash flows to
the venture capitalist only in case of A, where there are no incentive effects.

Why can’t we just use pure debt? The problem is that debt doesn’t allow the venture
capitalist to participate in the “upside.”” With a double moral hazard, we want to allocate
cash flows rights evenly across all possible realizations of n. Pure debt gives the venture
capitalist too many cash flows rights for low n and too few for high 7.

Why can’t we just use a combination of pure equity and debt? The problem is that for a
given value realization, the optimal contract requires different cash flow rights, depending
on whether the value is realized through A4 or I. Formally, for some value realizations v, the
optimal contract requires @(v) = ev but F(v)>ev. A simple combination of debt and equity
can never create a payoff pattern that is conditional on the type of exit.

Why not make the combination of pure equity and debt contingent on the exit choice? This
is essentially what convertible preferred equity does. It uses equity in case of 7, but gives the
venture capitalist additional cash flow rights in case of A.

4. Explaining further contract features

The main objective of the model is to explain the use of convertible securities in venture
capital. I now show how the model can be extended to explain some additional contract
features that are commonly used in venture capital contracts.

4.1. Different types of convertible securities

The introduction noted that there are several types of convertible securities. Proposition
3 identifies simple convertible preferred equity as an optimal security for x> x;. However,
this is not the only possible security. What matters for Proposition 3 is that the venture
capitalist receive additional cash flow rights from A, but exactly how he receives them does
not matter. The model of Section 3 is consistent with different types of convertible
securities. However, it cannot explain their variety.

Empirically, there are two main types, simple convertible preferred equity (SC
henceforth) and participating convertible preferred equity (PC henceforth). Kaplan and
Strémberg (2003) find that 40.5% of their sample contracts use PC. Fenwick and West
(2003, 2004) collect data on Silicon Valley deals, and report quarterly percentages from the
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first quarter of 2002 to the second quarter of 2004. In an average quarter, 70% of their
deals use PC. The lowest quarter had 56%, the highest 81%.

So far the model incorporates “late” effort after date 1. I now augment the model by
also allowing for some ‘“‘early” effort before date 1 (see Fig. 3) in order to be able to
discriminate among the different types of convertible securities. I focus on the two main
types, SC and PC. Figs. 1 and 2 show their key difference: SC concentrates the additional
cash flow rights on the lower end of the value distribution, whereas PC spreads the
additional cash flow rights more evenly across the value distribution. I now explain how
the choice of SC versus PC is related to incentives for early effort.

Before explaining the formal model, let us briefly sketch the main intuition. Consider a
contract that uses pure equity with e = ¢*, so that we always have efficient late incentives.
It turns out that such a contract provides too few early incentives for the entrepreneur: for
0r >0y, the entrepreneur bears higher late effort costs, and thus obtains a lower utility
from early effort. The optimal ex ante contract needs to redistribute some early incentives
from the venture capitalist to the entrepreneur, without disturbing late incentives. Giving
the venture capitalist additional cash flow rights on the downside reduces his early
incentives, and increases the entrepreneur’s early incentives. An optimal contract accords
these additional cash flow rights only in case of A4, so as not to disturb late incentives in
case of I. Such an optimal contract can be implemented with a convertible security.
Interestingly, in the model with early incentives, the use of a convertible security is optimal
for all values of x (including x<x;) since there always is a need to rebalance early
incentives. The main difference between SC and PC is that SC is a simpler security that can
add cash flow rights only on the downside. PC offers some additional flexibility, since it
can add cash flow rights both on the downside and the upside. For lower values of x, SC is
sufficient, but higher values of x require the additional flexibility of PC to implement the
optimal contract.

Turning now to the formal analysis, suppose that at date 0.5 (i.e., prior to date 1) the
entrepreneur and venture capitalist provide private efforts 5g and sy, at private costs E2E /2

and 3, /2. Effort improves the odds of success, modeled as increasing the probability of a
more favorable value distribution. At date 1 the values (p, 7) are drawn either from a more
favorable distribution Q(p,m) or from a less favorable distribution Q(p,n). The two
distributions have the same support, and the ratio of densities @w(p, n)/ w(p, ) is increasing
in both p and =. This means that the more favorable distribution places relatively more
weight on higher value realizations of p and 7.* The probability of a favorable distribution

is given by s = 0g5g + 0y5y. To simplify the exposition, assume that the productivity
parameters are the same before and after date 1, i.e., 0 = 0 and 0, = 0. The Appendix

also discusses the general case of 5E¢QE and §V¢0y.

The Appendix provides the full analysis of the formal model, which requires some
additional notation. For the main text, let us briefly sketch the structure of the equilibrium.
Let ug (ug) be the date 1 expected utility of the entrepreneur under the more (less)
favorable value distribution. Same for #, and uj,. The entrepreneur chooses sz to

8The Appendix shows that the existence of an efficient SC and PC contract also requires that, for = € (0,74),
a(p, )/ w(p, n) is sufficiently small for small values of p, and sufficiently large for large values of p. The intuition is
that in order for SC and PC to affect early incentives, there must be a sufficient difference between the less and
more favorable distribution.
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maximize Ug = Sug + (1 — S)ug — ?125 /2 —w, and the venture capitalist chooses 5 to
maximize Uy = suy + (1 —S)uy, — '5%,/2 — x. The first-order conditions yield

EE = HEOCE and EV = HVO(V, where O = Up — Ur and oy = Uy — Uy. (4)

ap captures the strength of the entrepreneur’s early incentives. These incentives are
determined by the differences in utility between the more and less favorable value
distributions. The optimal contact maximizes Ug + Uy subject to Uy = 0. For tractability
reasons, the analysis is limited to the parameter region where efficient contracting is
possible (i.e., where x not too large).

Remember that SC is defined by the following cash flow rights: in case of I we have
®(i) = ei; in case of 4 we have F(p) =p for p<d and F(p) = Max|[d,ep] for p>d.
Define the cash flow rights of PC as follows. In case of I we have @(i) = ei. In case of 4 we
have F(p) = p for p<d, F(p) =d + e(p — d) ford<p<cand F(p) =ep if p>c; cis a cap
on the range of acquisition prices for which the participating preferred terms apply. Such
caps are frequently used in venture capital contracts.

For the next proposition let o = g + oy = % — u, which measures the total amount of
available incentives.

Proposition 4 (Type of convertible security). (1) The optimal contract allocates incentives
according to

~2 ~2
0 0
aEZﬁ(XEOCE and Oﬂl/:ﬁafaﬂf/.
O+ 0, O+ 0,

(1) There exists xsc, so that for x<Xxsc, the optimal contract can always be implemented
with simple convertible preferred equity (SC).

(iii) There exists xpc, with xpc > Xsc, S0 that for x <xpc the optimal contract can always
be implemented with participating convertible preferred equity (PC).

The critical values xsc and xpc are derived in the Appendix. Proposition 4 contains
several important insights. Part (i) reveals an intuitive property of the optimal distribution
of incentives, which is very similar to Proposition 1. The main question is how to
implement this optimal division of early incentives. We know from Proposition 1 that
using pure equity with e = ¢* is always optimal in case of I. To maintain efficient late
incentives, we need to control the early incentives through the choice of security in case of
A. The proof in the Appendix explains why, for 6z >0y, using pure equity at date 0 is not
optimal. It would give relatively too few incentives to the entrepreneur (so that ap <oj)
and relatively too many incentives to the venture capitalist (so that o) >o%). The key
intuition is that while the entrepreneur receives a share (1 — ¢*) of the profits (i), she
receives a relatively lower share of the wutility (u), because for 6z >0y the entrepreneur
bears a disproportionate share of effort costs.

The challenge is thus to redistribute incentives from the venture capitalist to the
entrepreneur, using only cash flow rights in case of 4. SC provides a natural solution, since
it concentrates the venture capitalist’s additional cash flow rights on low value realizations.
Compensating the venture capitalist more on the downside reduces his incentives for early
effort. The optimal level dsc is chosen so that ay(dsc) = . As before, there exists some
critical value xgc, such that the venture capitalist can break even for all x<xgc.
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For x> xgc, raising d above the optimal dsc would upset the balance of incentives,
providing too few incentives to the venture capitalist. This is where PC becomes useful.
Note that it is possible to use PC even for x<xgc. Yet to the extent that PC is more
complicated than SC, there is no compelling reason for using it. For xsc<x<xpc,
however, using SC is no longer possible, whereas PC still implements the optimal contract.
The key intuition is that unlike SC, PC spreads the venture capitalist’s additional cash flow
rights more evenly across the value distribution. It is therefore possible to increase the
venture capitalist’s additional cash flow rights, without affecting the distribution of
incentives. The optimal PC has dpc and ¢ chosen so that oy (dpc, c) = of,. Because PC
increases the venture capitalist’s returns without affecting optimal incentives, it expands
the range over which efficient contracts can be implemented.

In Section 3, convertible preferred equity was necessary for x> x; to satisfy the venture
capitalist’s participation constraint. This section identifies a separate reason for the use of
convertible preferred equity, which applies even for very low values of x: in addition to
providing additional cash flow rights, preferred equity also helps to balance incentives
between the entrepreneur and the venture capitalist.

4.2. Nonlinear and contingent contracts

Proposition 1 derives the optimality of pure equity in case of 1. As a first approximation,
this is an appropriate characterization of venture capital contracts. Naturally, a more
detailed empirical investigation potentially reveals additional nonlinearities. Stock options
for the entreprencur create nonlinear payoffs. And venture capitalists sometimes hold
small amounts of non-convertible debt (Kaplan and Strémberg, 2003). Interestingly, the
payoff functions are typically slightly convex for the entrepreneur and slightly concave for
the venture capitalist. It is also possible to create a convex payoff function for the venture
capitalist, such as through warrants, but such arrangements appear to be somewhat rarer.
The model can be extended to explain such nonlinearities. This section only provides an
informal discussion, but a more formal derivation is available from the author upon
request.

The model thus far uses the standard simplifying assumption that after date 1 there are
only two possible value outcomes, IPO or failure (Casamatta, 2003; Inderst and Miiller,
2004; Ueda, 2004). Consider a minimal extension, where there are three possible values: a
high TPO value, a low IPO value, and failure. In a two-state model, effort affects the
likelihood of an IPO, but not the size of the IPO. In a three-state model, there can be two
types of private effort: one type of effort helps to reduce the likelihood of failure, which we
call ““survival” effort; another type of effort increases the probability of a high IPO value,
which we call “value” effort. Whenever the entrepreneur’s value effort is sufficiently
important, it is optimal to give the venture capitalist a concave payoff and the entrepreneur
a convex payoff. This requires that the optimal contract specify a bigger equity share for
the entrepreneur when the IPO value is high.

Another interesting nonlinearity relates to minimum price requirements for automatic
conversion. This requirement specifies that automatic conversion in case of an PO applies
only if the IPO share price is above some pre-specified minimum. Kaplan and Stromberg
(2003) report that minimum price requirements are a standard feature in venture capital
contracts. One puzzling aspect of minimum price requirements is that they are sometimes
set at a price that is above the conversion price (i.e., the price where cash flow rights are
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higher with conversion than without conversion). In this case, one might be tempted to
conclude that the minimum price requirement makes the automatic conversion clause
redundant. However, this conclusion turns out to be premature. The analysis of minimum
price requirements is more subtle and complex. Since this has never been examined in the
academic finance literature, the Appendix provides a more detailed explanation of how
minimum price requirements work. The analysis provides two important insights. First,
the automatic conversion clause is never redundant, even if the minimum price
requirement lies above the conversion price. The reason is that automatic conversion
forces investors to convert, whereas without it, investors would have an incentive to delay
conversion indefinitely.” Second, the main impact of a minimum price requirement is to
create some additional concavity in the venture capitalist’s return function.

In addition to being nonlinear, venture capital contracts make extensive use of
contingent control structures. Proposition 3 shows that, for larger values of x, the optimal
contract shifts control back to the entrepreneur whenever = is greater than some pre-
defined threshold value. Naturally, this requires the availability of the verifiable signal
(p, ™). We can justify this assumption both theoretically and empirically. Theoretically, the
mechanism design literature emphasizes that if two people observe some information, it is
possible under a large set of circumstances to get them to reveal this information truthfully
(see Moore and Repullo, 1988). This means that for symmetrically observed information it
should be possible to write contracts on this information. Empirically, we note that
contingent control structures are very common in venture capital contracts. Kaplan and
Stromberg (2003) show that up to 72.8% of all their sample contracts include some type of
contingent contract clause. These contingency clauses typically shift control back to the
entrepreneur if the venture achieves certain pre-specified milestones. The empirical use of
milestones is consistent with the current model, which predicts that the entrepreneur
regains control for sufficiently good realizations of 7.

The model also makes a prediction about the optimal structure of such milestones. The
milestone pertains to the expected value of the firm as an independent entity (m). The
Appendix shows that the optimal threshold value 74 (or 7¢) is increasing in p. We can
think of p as measuring the asset value of the firm. Beyond asset values, n includes
additional information about the ability of the entrepreneur to manage the venture up to
an [PO. Optimal milestones should pick up not only asset values but also information
about the viability of the firm as an independent entity. Consistent with this, Kaplan and
Stromberg report the use of milestones that concern the ability of the entrepreneur to
manage the venture, such as whether a founder can assemble a management team.

Another interesting empirical finding is that cash flow rights can be contingent on
milestones. Gompers (1997), for example, finds that 35% of his sample contracts have
early conversion clauses. This means that conversion to common stock does not have to
await the IPO, but is automatic upon achievement of the milestone. Proposition 3 focuses
on contingent control. It is easy to see that the same outcome can also be achieved with
contingent cash flow rights. Suppose the venture capitalist has control. Consider a
convertible preferred equity with an early conversion clause, that automatically converts
for n>74. Proposition 2 implies that for #>74 the venture capitalist chooses I without

°Delaying conversion can be inefficient. Stock market investors might prefer a more transparent capital
structure. In addition, Black and Gilson (1997) argue that it is efficient that the entrepreneur regain control rights
at the time of the IPO, which requires conversion of preferred stock.
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any need for renegotiation. And for 7 <74 the venture capitalist chooses 4, continuing to
get his additional cash flow rights.'®

4.3. Further empirical predictions

In addition to the numerous connections already mentioned between the model and the
empirical facts, the model generates additional testable implications about venture capital
contracts. Two central predictions of the model relate to the terms of convertible preferred
equity. First, the model predicts that the amount of equity after conversion (e in the model)
depends on the relative abilities of the entrepreneur and venture capitalist. Consistent with
this, Kaplan and Strémberg (2004) find that founders get less equity when they have
greater internal risks (such as incomplete or inexperienced management teams). And Hsu
(2004) shows that companies retain less equity when dealing with higher-reputation
venture capitalists.

Second, the model predicts that the strength of the downside protection (d in the model)
is increasing in the external financing requirement (x), or decreasing in the expected returns
of the venture (higher k or lower p’s and n’s). Kaplan and Stromberg (2004) find that
greater internal and external risks are associated with stronger downside protection. The
cyclical patterns of liquidation preferences is also consistent with this result. Multiple
liquidation preferences were rare in the boom period 1997-2000, increased dramatically in
the bust years of 2001-2002, and recently came down again (see Fenwick and West, 2003,
2004). Along similar lines, the theory predicts that entrepreneurs are more likely to retain
control rights when they have fewer risks (or require less external financing), a pattern also
confirmed by Kaplan and Stréomberg.

The paper also generates some hypotheses that have not yet been tested. Besides the
predictions about optimal milestones, another interesting hypothesis concerns the relative
frequency of exits. In particular, the model predicts that the stronger the venture
capitalist’s control rights, the more likely it is that exit will occur by acquisition rather
than IPO.

5. Conclusion

This paper develops a model that jointly explains two central aspects of venture capital
financing: how venture capitalists make exit decisions, and why they use contracts with
convertible preferred equity and contingent control rights. A key insight is that convertible
preferred equity allocates different cash flow rights for acquisitions and IPOs. The analysis
also explains some puzzling contract features, such as automatic conversion in case of IPO
or contingent control structures.

In the model, contracts govern future ownership decisions. This is an interesting
departure from the standard assumption that ownership decisions are made ex ante, and
opens up a broader set of research questions: What are the dynamics of ownership
decisions? What generates disagreement about the optimal timing of exit? And what
contractual features can mitigate these problems?

19Strictly speaking, this argument applies only to x € [x3,x3]. The working paper version discusses a minor
complication of using contingent cash flow rights for x € [x3, x4].
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Appendix
Appendix A.1. Proof of Proposition 1

Throughout the appendix I refer to the entrepreneur as E and the venture capitalist
as V. Consider the private effort choices after date 1. Let e(i) = ®(i)/i denote Vs
fraction of returns in /. Below I show that the optimal e is always a constant. Given
n = oi, sg and sy are respectively chosen to maximize ug(e) = (Ogsg + Oysy)(1 — e)n —
s2./2 and uy(e) = (0gsg + Oysy)en — 52, /2. The first-order conditions yield s = 0(1 — e)n
and sy = Open. This implies wug(e) = T2 [(0%(1 — ) + 02e)(1 —e) — 02/2(1 — e)*] and
uy(e) = n?[(03(1 — e) + 03,e)e — (03,/2)¢?]. To find the efficient value of e, I maximize
u(e) = ug(e) + up(e) = P[(0%(1 — e) + 0%.e) — 0%/2(1 — e)* — (0%/2)¢’] w.r.t. e. The first-
order condition is given by n2[02V - 6125 — 02E(1 —e)— Qf/e] =0, which yields after
transformation ¢* = 62,/ (02;5 + 60%). For any e<e*, V can increase his stake to ¢*, thereby
increasing efficiency. But for e¢>¢*, the joint utility u is decreasing in e.

We immediately note that ¢* does not depend on 7. This means that an efficient contract
requires @(i) = ¢*i, where ¢* is a constant. Thus equity is the optimal security. The same
argument continues to apply even it if it necessary to give V additional cash flow rights in
case of I (such as for x3>x in Proposition 3). To see that it is always optimal to keep e
constant across different values of n, consider any distribution of 7. We want to maximize
Jug(e(r), n), subject to [up(e(rn),n) greater than or equal to some constant. Pointwise
maximizing e(n) yields for every = a first-order condition w(n)u} + Jw(n)u), = 0. Using
uy, = 1 [—05(1 — e) + 03,(1 — 2¢)] and ), = ©°[05(1 — 2e) + 07¢] we get after transforma-
tions € = [0% 4 (2 — O%]/[(2 — 2)0% 4 (24 — 1)03] for every n. Again, this is independent
of 7, so that the optimal security remains pure equity.

For all proofs I focus on the more relevant case of 0z > 60, so that E’s effort is relatively
more important than V’s. The case of 0z <0y is analogous, and I leave its derivation to the
interested reader. For the asymmetric case of 0g >0y we can find the maximal level of e
from setting ), = n’[05(1 — 2¢) + 03,¢] = 0. This yields & = 03 /(203 — 03,). For e>e, V
would prefer to relinquish equity, in order to provide better incentives to E. In other
words, e>e represents a backward-bending portion of the utility frontier. For the
symmetric case of g = 0y, ¢* = % and e = 1.

For future reference, I show that for 6p>60, we have ug(e*)<(l —e*)u(e*) and
up(e*)>e*u(e*). To see this, note that ug(e*) = (1 — e*)sm — s%/2<(1 — e*u(e*) = (1—
Nsm — 5%/2 — 53 /2] — e*s2.< — s3(1 — e*). Using sg = 0p(1 — *)n and sy = Ope*n
this is equivalent to —0%(e*)(1 — €*)* < — 0%.(¢*)*(1 — e*)<>0g > 0. The intuition is that
while E and V share profits in proportions (I — ¢*) and ¢*, they do not share effort costs in
those same proportions. For g >0y, E bears a disproportionate share of the effort cost.
This means that in utility terms, E receives a share that is less than (1 — ¢*)of the total
utility u(e*). I will use this result in Propositions 2 and 3.

The model uses a linear quadratic specification. Inderst and Miiller (2004) and Repullo and
Suarez (2004) also consider a Cobb-Douglass model, where there are complementarities
between private effort. I briefly show how the model is also robust to such an alternative
specification. Suppose that s is given by s = Hs“’,',leg", where y is a measure of the relative
contribution of V. Using uy = senr — 53,/2 and up = sen — s3./2, 1 obtain as first-order
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conditions s, s, "0en = sy and (1 — y)s).s;’0en = sp. After some tedious transforma-
tions 1 obtain sy = One)! " 2(7e)*/2 and sp = On(7e)>/*(ye)’/?, and therefore
s = 0*n(7e) 7 (ye) uy = 0°m2(e) 7 (ye) je and ug = 0*m2(7e)' 7 (ye)'ye. To find the optimal
e, I maximize ug + uy = 0*72(7e)' 7 (ye)'[e + 7 — 2ye]. Further calculations reveal that the
optimal e is given by e* = [1 — 29% — 2y + /1 — 4y + 8)2 — 83 + 49%]/(4 — 8y). The optimal
¢* is again independent of . It follows that equity remains the optimal choice of security.

Appendix A.2. Proof of Proposition 2

Let us use the notation ugp = n’zg, uy = n’zy and u = n’z. The advantage of this

notation is that the z functions do not depend on 7. It is also useful to define IT = n?, and
to express all critical values of = as critical values of II. Only for the proof of this
proposition, it is also useful to rewrite cash flow rights in case of 4 as F(p) = (¢* + ¢)p.

The critical value ITg (corresponding to g = ﬁE) is found from ug(e*) = p — F(p) =
Hpzp(e®) = (1 — ¢* — e)p<Tlp = (1 — ¢* — &)p/zp(e*). The critical value II, is found
from uy(e¥) = F(p)<1IIy = (¥ + e)p/zy(e*). To find the critical value 11,4, note that
renegotiation to A is possible whenever p = u(e*), i.e., when the joint value under 4 exceeds
the joint value under I. The critical value IT, is thus given by Il = p/z(e*). Finally,
renegotiation to I requires that u(e®) > pwhere e® is the division of equity that obtains after
renegotiation. If there is no binding wealth constraint, then e® = ¢*, but if E is wealth
constrained, then eR > ¢*. In this case the critical value I1; is implicitly given by u(e®) = p
where ug(e®) = (1 — ¢* —¢)p.

Let us focus ﬁrst on the symmetric case of 0 = 0),. Consider the case of straight equity,
where e = ¢* =3 and F(p) = p/2<>¢ = 0. Note that we have perfect symmetry, so that £
and V both get u(e")/2 in case of I and p/2 in case of 4. E and V both prefer I over
A whenever u(e*)>p©H>HA It follows that Iy = Il = II; = Ily. This establishes
part (i).

Consider next the case of F(p)>e*p<e>0. Note that IIy = (1 + 2&)(p/z(e*))>
p/=(e*) =4 and I = (1 — 2e)(p/=(¢*))<p/z(e*) = I1,. To show that Il,<II;, note
that II; satisfies u(e®) =p<1II; = Z(ZR)'

Z(eR)<z(e¥)<TI; = p/z(eR)>p/z(e¥) = I1 ,.To show that II; <IIy, note that II; satisfies
up(eR) = F(p)<1II; = F(p)/zy(eR). For eR>e*, zp(eR)>zp(e*)<1II; = F(p)/zy(eR) <
F(p)/zy(¢*) = Iy. This establishes part (ii).

To derive parts (iii) and (iv) it is useful to define five parameter regions that correspond

For a binding wealth constraint, eR >¢* <

to Fig. 5: Region (1) corresponds to H<1/7;, region (2) corresponds to I/Y;<H<ﬁ;,
region (3) corresponds to ﬁ:l<H<I/7\1, , region (4) corresponds to 1/7\1<H<ﬁ;, and

region (5) corresponds to H>ﬁ;.

Let us begin with E control. For region (1), E prefers A which is also efficient. Denote
this by 4 — A. For region (2), 4z>0, so that prior to renegotiation, E prefers /. Also,
A(e*) <0 so that renegotiation to A4 is feasible, and will therefore occur. The renegotiation
outcome is thus given by I — 4. For regions (3), (4), and (5), 4 >0, so that prior to
renegotiation, E prefers I, which is efficient and implies 7 — 1.
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If ¥ has control, consider regions (1) and (2). V prefers 4, which is efficient, so that
A — A. In region (3), V prefers A even though it is inefficient. Renegotiation to [ is not
feasible, so that 4 — A4 obtains. The intuition why renegotiation fails is that it would
require such a high value of eR, so that u(e®)<p<u(e*). I looks efficient before
renegotiation, but would actually be inefficient under the terms of renegotiation. In region
(4), V again prefers 4 before renegotiation. Renegotiation to [ is feasible, so that 4 — I.
Since eR >e, renegotiation creates inefficient incentives. Unlike in region (3) we have
p<u(e®)<u(e*), so that I remains more efficient, even under the terms of renegotiation. In
region (5), V prefers I before renegotiation, which is efficient, so that 7 — 1.

To complete the proof let us examine the asymmetric model with 0z > 6. The only
difference is that from Proposition 1, ug(e*)<(l — *)u(e*) and up(e*)>e*u(e*). Define
n = zp(e*)/e*z(¢*)>1 so that zp(e*) = (1 — ne*)z(e*) and zp(e*) = ne*z(e*). Thus Iy =
(e* + e)p/ne*z(e*) and Hp=(1-¢*— e)p/(1 —ne®)z(e*). Tt follows that Hy>I, =
p/z2(e)<e>( — 1e* and Hp<Il,< (1 — ¢* — &) /(1 — ne*)<1<&>(n — 1)e*. For high-
er values of ¢ (namely ¢>(n — 1)e*), ﬁE<ﬁA <ﬁy The proof is then analogous to the
symmetrlc case (note that the proof for HA <H1 <HV never uses 0z = 0y). For low values
of &, I V<17 4 <IIg. This never creates any inefficiencies in the renegotiation game. For

1 V<H<H y <II g, E prefers A over I whichis efficient. V' prefers I over A which is
inefficient. However, renegotiating to the efficient A4 is always possible:E simply gives up
some cash flow rights for A, so that p— FR =ug(e*) and FR>up(e*). For
ﬁy<ﬁA<H<ﬁE, V prefers I over A which is efficient. E prefers A over I which is
inefficient. However, renegotiating to the efficient 7 is always possible: V" keeps his optimal
equity stake ¢* and simply makes a transfer payment ¢cto E, ie. ug(e®)+¢= p F and
uV(e*) — g>F (Note that this last part ignores I1; because for e<(n— )e*, e® = ¢*, so
that H] HA )

Appendix A.3. Proof of Proposition 3

The maximization problem consists of choosing optimal cash flow rights (F,®) and
optimal control rights. Denote the control structure by ¥ = 0 if E has control and ¥ = 1 if
V has control. ¥ could depend on the realization of (p, n).

To simplify the notation I omit all the integration terms dQ2(p, 7). With the regions (1),
(2), (3), (4), and (5) from the proof of Proposition 2, the ex ante utilities of j = E, V" are

o= [ [ [ [ [ Lo foe ) Lo

UP =%p—F)+ (1 —Pugle), UP =PF+(1—¥)p—uze),

UR = ¥(p—F)+ (- Pugle), U =PF+(1—Pupo),
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Up' =¥(p—F)+ (1 - Pug), UY = Pup(e) + (1 - Vyuy(e),

Uy =uge), UY =up(e).

From Proposition 1, any optimal contract uses a constant e for all values of . The
efficient value is ¢* = % From Proposition 2, any optimal contract would want to have 4
for n<7, and I for n>7, (Where 7,4 is evaluated at e = %). This is possible for all x < x;.
To obtain x3, use the highest possible returns for V" within these constraints, given by

_ 1 (P - 7 (7 . . .
F=p and e=3 ie., x3 —fo 0 p+f0 an uy. To obtain x;, use pure equity with

~

F =5and e =1 implying x; = fé_’ é”p/2+fé_’ ﬁ;A uy. To obtain x4, identify the most
favorable contract for V, given by F =p and e = 1. Evaluating this contract at

/TE[ =/7fV Ip/ZV, we get X4 = f([)) (;Wp—i- fé’ﬁg/ Uy.

For x<x| we can always use F = p/2 and e = § and satisfy Vs participation constraint
by requiring an investment X = x|, guaranteeing U, = 0. For x; <x<Xxj it is necessary to
set F>p/2 for some values of p, to satisfy Vs participation constraint. And for x3 <x < xu,
it is always optimal to set F = p.

To complete the optimality part of the Proposition requires only explaining the optimal
contract for x3 <x<x4. We need to find the optimal choice of e, as well as the optimal exit
decision. To represent the optimal exit decision, I claim that it can always be described by
some ¢ with T4 <7 <7y, so that A is chosen for 1 <7 and I is chosen for n>7 . The ex

ante optimization problem is to maximize L = Ug + A(Uy — x) where Ug = fé_’ Ec({’) ug(e)

and Uy = foﬁ (;I @) p+ fé_] f;c(p) uy(e). For this maximization, we can choose ¢ and ¢, both

of which can depend on the verifiable state (p, 7). The first-order condition for e(p, ) is given
by dL/de = w(p, n)ug(e) + Ao(p, m)u)(e) = 0. It is useful to write 2 =1+ u(e), where
u(e) = —u’;/u), — 1. Note that the optimal e does not depend on the particular realization of
7 (see also Proposition 1). Note also that A> 1< u>0< e>%. The first-order condition for

[c(p) is given by dL/dITc = —a(p, To)ug(e; ) + 2o(p, I o)p — up(e; I1c)]. Rewriting
this as A[p — H¢zy(e)] = Mezp(e) and using 4= 1+ u(e) implies IT¢ = (p + up)/(z(e)+
pzy(e)). Thus, ¢ =1, for ue)=0 and H¢>I, for u(e)>0. And dil¢/dp =
(1 4+ w)/(z(e) + uzy(e)) >0, which shows that ﬁ\c is an increasing function of p.

To see that the optimal exit structure satisfies T <7;, suppose ¢ >7;. For F = p,

eR = 1>e. The ex ante utilities are given by Ug = [J chc(p) ug(e) and Uy = foﬁ o+

foﬁ f;“(‘”) uy(e®) + foﬁ f;c(p) uy(e).This is inefficient, since e is not a constant. It would be
1

more efficient to set T = 7; and choose a constant ¢ with e<eé’' <e.

To see that the optimal exit structure divides exits into exactly two areas of n, suppose
there were more than two areas. Clearly, for any 1 <74, both E and V always prefer 4, so
this must be efficient. For any = >7;, both prefer I, so this must be efficient too. We can
thus focus on 74 <m<7;, where the two may disagree on having 4 or I. With more than
two areas, there always exists 7’ <7 so that [ is chosen for 7" and A4 (with F = p) for n”. It
would be better to switch the outcomes for these two values of ©. This would give V the
same utility of p, but give E a higher utility, since ug(e, ©”") > ug(e, 7'). It follows that having
more than two areas is never efficient. Thus, 7¢ is the unique critical value.
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Having described the properties of the optimal contract, let us now look for securities
that naturally implement this optimal contract. As in any security design problem, there
can be multiple ways of implementing the same optimal contract. We always look for the
simplest and most intuitive securities (e.g., we don’t use contingent contracts when it is
possible to use a non-contingent contract). For x <x it is optimal to use pure equity with
F=p/2 and e= % From Proposition 2, pure equity perfectly aligns E’s and V’s
preferences between A and I. Irrespective of who has control, 4 is chosen for t <74 and 1
is chosen for ©>7 4. To satisfy the constraint Uy = X, set X = x| > x.

Consider now E control with x> x. Using e= ; clearly is optimal. We can then set d so

that Uy = fo e Max[Min[p, d], p/2]+f0 f””(p—ug)+f0 fA uy —x =0 (evaluated at

e= %). This generates an efficient outcome, and is feasible for x<x;, where d = p and

g = 0, so that x; = fé} (;TA([) —ug) + f(f ffA Uy.

For x; <x<Xx3, V' needs additional cash flow rights. Giving V full control is never efficient.
From Proposition 2, raising F above p/2 always creates some inefficient exits. And from
Proposition 1, raising e above ¢* = % always creates inefficient incentives. To implement the
efficient outcome, it becomes necessary to consider contingent control. We can use

simple convertible preferred equity and set d so that Uy = (1)’ 4 Max[Min[p,d],p/2] +

fo fA uy — x = 0 (evaluated at e = 2) And we need contingent control rights where  has

control for t<74 and E for n>7,. From Proposition 2, for 1 <74, V always chooses the
efficient 4. And for n>7 4, E always chooses the efficient I.

For x3<x<x4, we can implement the optimal contract in a similar way, where
contingent control rights depend on the threshold 7¢. The optimal security requires F = p,
so that d = p (this is equivalent to V taking full ownership in case of 4). The optimal value

of e satisfies Uy = [J [(“p+ [7 fg( uy(e) —x =0.

The main text also discusses contingent cash flow rights. If x € [x,, x3], then } can have
control, along with an early conversion clause, i.e., F(p)>p/2 for some p if n<74, but
F(p) =p/2 for all p if n>7,. It is immediate that this implements the optimal contract.
For x € [x3, x4] there may be a minor complication with a simple early conversion clause.
Setting F(p) = ep for all p if ©>7 might not be enough to guarantee that ¥ chooses I
without renegotiation, because for e>%, the possibility that ep>uy(e) at ¢ cannot be
excluded. If this were the case, it would obviously still be possible to create a slightly more
advanced contingent cash flow structure, where F(p) converts to something lower than ep,
so as to ensure that V prefers I before renegotiation.

The model assumes that 7 has all the bargaining power. The only case where
renegotiation occurs in equilibrium is for x € [x}, x;]. If £ has some bargaining power, she
extracts more rents from renegotiation. This shrinks the region where E control is feasible.

It is easy to see that x, is given by xo = [0 [0" uy + B(p — u) + fpﬁ; uy, where f € [0, 1]
measures the bargaining power of V.

Finally, the proof focuses on the symmetric case of g = 0. Albeit tedious, it is
straightforward to verify that all the results of Proposition 3 continue to hold for the
asymmetric case 0 >0y, obviously replacing all e = % with e = ¢*. One minor difference
concerns the analysis with x <x;. The proof of Proposition 2 shows that with pure equity
contracts, Il Vv <II y <II £, and all renegotiation is efficient. However, renegotiation affects
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the distribution of utility, implying that x; now depends on whether £ and V' have

~

control. Straightforward calculations show that when E has control xf = fo “p/2+
I fnr /2 + ngMV, and when ¥ has control, x} = [ [ p/2 4 j::[p—uEH

fo fg uy. It is easy to verify that x¥ <x} <x,. This does not affect any other parts of
Proposition 3.

Appendix A.4. Proof of Proposition 4

Let us first introduce some useful notation:

~

u’g_/oﬁ OnA(p—F)dﬁ(p,n), uV_/ / FdO(p, ),

uE—/ % up(e®)dQ(p, ), uV—/ ﬁ uy(e®)dQ(p, n),

ag=/oﬁ/f(p—F)dQ<p,n), zé=/0ﬁ/deQ<p,n),
= /0 ’ guE(e*)dQ@,n), i = /0 ’ guv(e*)dg@,n).

Also let ﬂE = ﬁE + ﬂE, Uy = ﬁV —i—ﬁV, and u = Ug + uy; similarly for ug, uy, and u. Let
Uy = S+ (1 = 3)u, where s is evaluated at the optimal values sgand 5y ; similar for / and

for V. In addition, define Q(p n) = Q(p, ) — Q(p, n) and @(p, n) = B(p, 7) — w(p, 7).

Central to the analysis of early incentives is the difference between the more and less
favorable value distributions. For this, define o} = 7§ — uft (same for I and for V), a? =
o + oih = ut — ut (same for I), ap = afft + ok = U — up (same for V), and o = ap + oy =
ol + ol =u— u.

Part (i) involves examining the properties of the optimal contract that maximizes
L=59+0-5)u—-G5?/2—(%)?/2. Using 5% = Opoag and 55 = 0pay, we can rewrite
this as L = g—i—(@%ocE + (ﬁ/oc;/)oc - (BEocE)Z/2 — (GVocV)z/Z. Consider an increase dF. Using
dog/dF = —day/dF we get dL/dF = (0%(dog/dF) — 03,(dog /dF)e — 030k (dog /dF)+
030 V(docE/dF) =0. Using ap =o —oay, we get after simple transformations oy =
0% /(0% + 0%) = e*a and ap = 003, /(0% + 0%) = (1 — e)a.

For parts (ii)) and (iii) it is useful to first examine the model with pure equity
(using e = e*). As in the proof of Proposition 2, we can write ug(e) = n’zg(e) and
uy(e) = n’zy(e), where zg and zy are independent of 7. From the proof of Proposition 1,
0 >0y < up(e¥) > e*u(e*) < zp(e*) > e*z(e*). We then have of = fé_’ﬁz uy(e¥)dQ =

zp(e®) fy 7 [E 2 dQ> e*z(e¥) fp ﬁn n dQ—e*ocI Moreover, with pure equity we have

A
i = e*ocA Thus oy = of + ol >e*a? + e*al = e*a. This establishes that pure equity
gives V too many incentives, i.e., oy is too large. And it gives E too few incentives, i.e., g is

too small. The intuition is again that while E and V share profits () in proportions 1 — ¢*
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and ¢*, E bears a relatively larger share of the effort costs, giving her less than 1 — ¢* of a
share in the total utility () in case of 1.

In order to correct ex ante incentives we do not want to change e = ¢*, since this
would cause ex post inefficiencies. We therefore correct incentives by adjusting the
returns in case of 4. Specifically, since af, >e*o!, we want a lower value of oft. This can be
achieved by increasing F(p) for low values of p. Specifically, consider the effect on o7 of
increasing F(p) for some p, ie., dojl/dF = duit/dF — dufl/dF = [;* &(p,m)dn. Since
w(p, )/ w(p, ) is increasing in p, &(p, ) = @(p, ) — w(p, 7) is also increasing in p, ranging
from negative values for low p to positive values for high p. Using the mean value theorem,
there exists p' so that [ &(p,m)dn = 0. For all p<p/, doi} /dF <0; and for all p>p/,
dofl /dF >0.

To implement an efficient contract with SP, note that for any d<p’, increasing d
increases F(p), and thus decreases oy (d). We therefore increase d to dsc, which satisfies

~ dsc ~ o~ R
ap(dsc) = e¥aes [ [(e*p — p)dQ+ [ [('(e*p — dsc)dQ = [7 [ (up(e) — e*u(e®)) dQ.
The value of dsc also needs to satisfy dsc<p’. It is therefore possible to implement an
efficient contract usingSP whenever

ya T4 % -y
/ / (*p — p)ap, m)dndp + / / (p — p)a(p, m) dmdp
o Jo » Jo

ey
2/0 /0 (up(e*) — e*u(e®))a(p, ©) dr dp. (A1)

Note that the first term on the left-hand side is positive (since @(p,n)<0 for p<p’),
whereas the second is negative (since @(p,7)>0 for p>p’). The condition for SP to to
implement the efficient contract is thus that this first term is sufficiently large to satisfy
condition Al. This requires that @(p,n) is sufficiently negative (i.e., @(p,n)/ w(p,n)
sufficiently low) for low values of p and n (namely for p € (0,p’) and = € (0,74)).
Intuitively, this means that the less favorable distribution puts sufficiently more weight on
low realizations of p and =, relative to the more favorable distribution. If condition (A.1) is
satisfied, Uy = uy(dsc) — 521,/2 — x. We thus have xsc = up(dsc) — E%//z For x<xgc, it is
possible to use SC to implement the efficient outcome.

Next I show how PC can be used to implement an efficient contracting for an extended
range of values of x. Consider a PC contract with dpc = dsc and ¢>p’, such that ocf} is the
same as before. We can find the appropriate value of ¢ as follows. Set ¢ so that

O(’é(dpc,c)zfoﬁ (;TA chdﬁ:foi (;TA Fscd@:d‘é(dsc). Note that Fpc — Fsc =0 for
p<dsc, Fpc — Fsc =d+e*(p—d)—Max[d,e*p]>0 for dsc<p<€, and Fpc — Fsc =0

for p>c, so that Fpc — Fgsc is nonnegative. For p<p’ we have fé’/ 0“” (Fpc — Fsc) dQ<0
and for p>p’ we have [ [ (Fec — Fsc) dQ>0. The appropriate value of ¢ is thus given

by fé’, o (Fpc — Fsc) do + f;, o (Fpc — Fsc) dQ = 0. The condition for such a ¢ to exist
is that at ¢ = p,

P 7
/ / (Frc — Fso)(p,m)dudp + / / (Fre — Fsoo(p.mdndp=0.  (A2)
o Jo » Jo
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This requires that @(p, ) is sufficient large (i.e., @(p, )/ w(p, 7) sufficiently high) for large
values of p and small values of = (namely for p € (p/,p) and © € (0,74)). Condition (A.2) is
closely related to but different than condition (A.1). Intuitively, condition (A.2) requires
that the more favorable distribution puts sufficiently more weight on high realizations of p,
relative to the less favorable distribution. By construction, PC has the same incentive
power as SC. Moreover, since Fpc>Fgc (with a strict inequality for some p),
ﬁf}(dpc,c)>ﬁf}(dsc). This shows that V" gets a higher utility from PC than from SC. So
far dpc = dsc. To further expand the range of PC, we can increase dpc. Consider varying ¢
so as to keep af constant. A higher dpc increases uf, and since uj = ot + uf, it also
increases ﬂé(dpc,c). Using dpc = p’, xpc is obtained from xpc = uy(dpc = p',¢) — '5%,/2
Note also that raising d above p’ would disturb the balance of early incentives. For x> xpc
it would become necessary to trade off early versus late incentive inefficiencies. Such an
analysis is no longer tractable. That is why, as mentioned in the main text, I limit the
analysis to the region of efficient contracting.

So far we have assumed 0p =0p and 0y =0p. It is easy to see how the proof
generalizes. Clearly, only relative productivity matters. For 0g/0) >0g /0y, it is efficient to
give E even stronger early incentives. In this case, the need to give V" additional cash flows
on the downside is even more pronounced, and the proof is exactly the same. For

5E/§V<GE/0V, but 55/51/ sufficiently close to 6/60y, continuity ensures that the proof is

also the same. Finally, if EE /EV is considerably smaller than 0g /0y, then it is possible that
pure equity gives V too few early incentives. In thiscase, SC is not optimal, but PC is. To
see this, note that we can construct a PC with ¢>p’, so that the PC gives the same
incentives as pure equity. This gives V higher cash flow rights and the same incentives. We
then decrease dpc and/or increase ¢, so as to increase }”s incentives. The optimal contract
again satisfies oy (dpc, ¢) = o, which ensures that " has efficient incentives.

Appendix A.5. Discussion of minimum price requirements

Suppose a venture capitalist invests an amount X. The number of preferred shares he
receives are denoted by Ny. Let N be the total number of shares, so that N, = eN. The
price per share is given by Py = X /N . Suppose the company goes public after ¢ years at a
price Py, implying an IPO value of i = P;N. A minimum price requirement specifies that
conversion of preferred shares is automatic only if P; is greater than some pre-specified
threshold P,. For P;<P,, the minimum price requirement is binding, implying that
automatic conversion does not apply.

Suppose for a moment that the venture capitalist wants to cash out at the IPO. He can
either redeem his preferred claim or convert into common equity. For PC, conversion is
never optimal. For SC, conversion is optimal whenever PNy >d < P;>d/Ny = Py. Let
us call P, the conversion price. If P, <Py, then there clearly exists a range of IPO prices
P; e (P,, Py) where automatic conversion matters. However, if P, <Py, then it appears
that, at least for SC, the minimum price requirement makes automatic conversion
redundant. However, this assumes that the investor always wants to convert for P; > Py. 1
now show that investors actually prefer to delay the conversion decision.

Consider now what happens when the minimum requirement is binding, i.e., when there
is no automatic conversion. At the time of the IPO, the venture capitalist could cash out.
However, in the absence of any immediate liquidity needs, this would be a suboptimal
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strategy. The venture capitalist is better off holding the security (or selling it after the lock-
up period), because the preferred terms constitute a put option, where the venture
capitalist has the option to redeem his preferential cash flow claims in case of a sufficiently
low stock price. An additional reason not to cash out at the IPO is that it can be a negative
signal to uninformed stock market investors (see Grinblatt and Hwang, 1989; Habib and
Ljungqvist, 2001). After the IPO, the stock price follows some stochastic process, the exact
specification of which does not matter here. All that matters is that there is a possibility
that the stock price falls below the conversion price Py. The preferred security is more
valuable than common equity, because it includes the option value of the preferred terms.
It follows that voluntary conversion at the time of the IPO is never an optimal strategy,
since it means forgoing this option value. This argument is similar to Steins’ (1992)
analysis of convertible bonds. Note also that preferred equity typically has redemption
rights, which allow the investor to put the claim to the company. But even without
redemption rights, preferred equity is more valuable than common equity, because it
has additional cash flow rights in all liquidation events where the price falls below the
conversion price Py.

If the venture capitalist holds on to his preferred shares, his cash flow rights at the time
of the TPO amount to ®(i) = ei + o(i), where o(i)>0 denotes the option value that is
inherent in the preferred terms. In general, o(i) depends on the stochastic price process. The
analysis here does not require a precise functional form of 0. For simplicity, assume that
the IPO value i itself does not depend on whether the preferred shares are converted or not.

Understanding that preferred terms constitute a put option clarifies the role of the
conversion price Py: it represents the strike price of the put option. The option is clearly
valuable for P; <Py, where it is “in the money” (i.e., the preferred terms are worth more
than conversion). For P;> Py, it is “out of the money.” But the put option remains
valuable, since the stock price is stochastic, and could fall below Py, at some future point in
time.

The first main insight is that if the venture capitalist always had to cash out at the IPO,
then it would be true that setting P, above Py would make the automatic conversion clause
redundant. However, if the preferred terms constitute a put option, automatic conversion
matters for all IPO prices, because it eliminates that put option.

The second main insight from this analysis is that minimum price requirements generate
a concavity in the venture capitalist’s payoff function. The effective share of the venture
capitalist is given by e for P;>P,, but e+ o(i)/i for P;>P,. Even within the range
P;>P,, the venture capitalist’s payoff is concave. To see this, note that a sufficient
condition for o(i)/i to be decreasing in i is that o(i) is decreasing in i. This follows from the
fact that the higher is Py, the smaller is the probability that the price will fall below P, .
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